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CENTRAL MESSAGE

Endovascular therapy has
emerged as a preferred treat-
ment option for acute compli-
cated type B aortic dissection.
Evidence is evolving to justify its
application in uncomplicated and
chronic stages.
With rapid advances in thoracic endovascular aneurysm
repair (TEVAR) technology, and with increasing adoption
of this procedure by the cardiovascular community, its
role in the management of type B aortic dissection
(TBAD) continues to evolve. Traditionally, medical man-
agement with anti-impulse therapy has been advocated for
TBAD. In a retrospective study of 100 consecutive patients
with TBAD, the early survival rate was as high as 91%.1

This study also reported that 66% of these survivors had
an uncomplicated long-term course with anti-impulse ther-
apy. However, the 5-year survival of patients with TBAD
receiving the best medical treatment (BMT) is only 60%
to 80%.2 Continued degeneration of the aorta and resulting
dilatation of the false lumen have been responsible for this
suboptimal long-term result. We know that the descending
thoracic aorta (DTA) growth rate exceeds that of the
ascending aorta and that the dissected aorta tends to degen-
erate quicker than an aneurysmal aorta,3 resulting from dila-
tation of false lumen, which can be seen in 50% of patients
with TBAD over 5 years.4 Aortic rupture, however less
common in TBAD compared with type A aortic dissection,
remains the most common cause of mortality in TBAD.5

The incidence of aortic rupture increases up to 30% per
year when the aortic diameter reaches 6 cm.5 These findings
speak to the persistent, long-term morbidity and mortality
associated with the TBAD event. Expert consensus has
been to have a “complication-specific” approach when
treating TBADmainly because of the benign natural history
of a major subgroup of patients with TBAD,6,7 and poor re-
sults after open repair. Pooled operative mortality after open
repair of TBAD is 17.5%, with an increase to 30% in
complicated TBAD cases, and reaches up to 50% in the
presence of malperfusion.8

In a review of 1129 consecutive patients with TBAD
from the International Registry of Acute Aortic Dissection,
in which 853 patients received medical treatment and 276
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patients underwent TEVAR, in-hospital mortality (8.7%
vs 10.9%; P ¼ .273) and 1-year mortality (9.8% vs
8.1%; P ¼ .604) were similar between the 2 treatment
groups.9 The TEVAR group at presentation had more in-
hospital morbidity with an increased incidence of acute kid-
ney injury (medical 12.5% vs TEVAR 25.3%; P ¼ .016)
and extension of dissection (5.8% vs 10.2%; P< .001).
This review, which had a significantly greater number of pa-
tients with complicated dissections in the TEVAR group
(37.2% vs 61.7%), showed a significant decrease in the
size of DTA with TEVAR at 5-year follow-up. Aortic re-
modeling after TEVAR translated into less death rate in
the TEVAR group at 5 years (29% vs 15.5%; P ¼ .018).
There was no difference between the 2 groups in the inci-
dence of new dissection, extension of dissection, or late
intervention. Five-year results of the INSTEAD XL (Inves-
tigation of Stent Grafts in Aortic Dissection) trial, a ran-
domized trial comparing medical management with
additional TEVAR in patients with uncomplicated TBAD,
showed significant reduction in aorta-specific mortality in
the TEVAR group (TEVAR: 0% vs medical treatment:
16.9%; P < .0005).10 Encouraging long-term results of
these investigations underscore the potential of TEVAR in
TBAD management.
In this review, we make an argument for the role of

TEVAR in patients with TBAD at various stages of
the disease.
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UNCOMPLICATED TYPE B ACUTE AORTIC
DISSECTION

Patients experience the greatest morbidity and mortality
rates in the acute phase, classified as the first 2 weeks after
TBAD onset.11,12 The Acute Dissection Stent Grafting or
Best Medical Treatment trial (ADSORB trial) is the only
prospective randomized trial comparing TEVAR with
BMT in patients with acute uncomplicated TBAD.13 In
this trial, after intention-to-treat analysis at the end of
1 year, none of BMT group subjects failed to reach the pri-
mary end point of freedom from false lumen thrombosis
(partial or none) and aortic dilatation, compared with
50% of patients in the TEVAR group. Freedom from
incomplete thrombosis of the false lumen in TBAD is
important, as partially thrombosed false lumen is associated
with increased aortic growth and great mortality.8,14 This
trial, which was not powered to detect mortality difference,
did show positive remodeling of DTA in the TEVAR group.
Maximum false lumen diameter decreased by an average of
7.0 mm compared with an increase of 4.3 mm in the BMT
group (P < .001). Maximum true lumen diameter also
showed an average increase of 8.4 mm in the TEVAR group
compared with an increase of 1.9 mm in the BMT group
(P ¼ .022). Overall transverse diameter of DTA also
showed signs of shrinkage in the TEVAR group. This trial,
in which 50% of subjects achieved targeted control of blood
pressure, and 80% of patients enrolled in this study were
DeBakey type IIIB, showed the benefit with TEVAR in
acute uncomplicated TBAD. It is known that patients with
DeBakey type IIIB TBAD have a worse prognosis than
type IIIA.15

A retrospective propensity score analysis of 145 matched
pairs of acute uncomplicated TBAD patients receiving
either BMT alone or TEVAR showed a greater incidence
of early adverse events in the TEVAR group.16 This was
driven mainly by a greater incidence of type I endoleak
(8.4%) and retrograde type A dissection (TEVAR: 1.6%;
BMT: 0). The feasibility of TEVAR in acute TBAD was
demonstrated by the ability to cover the primary tear site
in 98.6% of patients with a stent graft. There was no report
of paraplegia or paraparesis in the study. Although 30-day
mortality was not significantly different between the 2
groups (TEVAR: 0.7% vs BMT: 2.1%; P ¼ .622), all the
mortality in the short term in BMT group was due to sudden
aortic rupture. Five-year analysis of the matched pairs
showed a significant survival benefit in the TEVAR group
(freedom from all-cause death at 5 years: TEVAR 91.9%
[81.1-96.7] vs BMT 82.2% [72.9-88.5]; P¼ .028). Survival
benefit in the TEVAR group was mainly driven by freedom
from aortic-related death at 5 years (TEVAR 94.1% [82.9-
98.1] vs BMT 86.1% [77.5-91.7]; P ¼ .044). Cumulative
incidence of rupture at 5 years was also greater in the
BMT group (TEVAR 5.1% [1.1-14.1] vs BMT 13.7%
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[7.8-21.3]; P ¼ .024). Both the groups had a comparable
incidence of retrograde type A dissection and new dissec-
tion. Late intervention rate although greater in the BMT
group, was not statistically significant (TEVAR: 6.0%
[1.9-13.3] vs BMT 9.0% [4.6-15.1]; P ¼ .214). There
were 4 deaths reported in the BMT group after the late inter-
vention compared with none in TEVAR group. This study
showed the long-term survival benefit of TEVAR in uncom-
plicated acute TBAD.

Qin and colleagues,17 in their retrospective study of 338
patients with acute uncomplicated TBAD undergoing TE-
VAR or BMT, also showed similar early survival in both
the groups. The TEVAR group had a greater incidence of
early events, mainly driven by type I endoleak (9.2%).
This study found increased incidence of aortic rupture in
the BMT group in the short term (TEVAR: none vs BMT:
1.9%) and at 5-year follow-up (TEVAR: 3.3% vs BMT:
12.3%). The BMT group also experienced greater mortality
at 5 years (mortality rate from all-cause death, TEVAR:
10.8% vs BMT: 14.3%; P ¼ .010), and greater incidence
of aortic-related adverse events (TEVAR: 28.2% vs BMT:
37.8%; P ¼ .025). Type I endoleak disappeared in nearly
30% of patients at long-term follow-up.

Ray and colleagues,18 in their review of 156 patients with
uncomplicated TBAD, reported aortic diameter greater than
44 mm (P<.01) to be a strong risk factor for mortality over
an average follow-up of 3.7 years. They also reported false
lumen diameter greater than 22 mm to be a significant risk
factor for decreased intervention-free survival. Elliptical
configuration of the true lumen was found to be associated
with increased aortic growth rate in a retrospective review
of 62 patients with acute TBAD who were being medically
managed.19 Tolenaar and colleagues19 also reported associ-
ation of single entry tear with increased aortic growth rate
(mean 5.6 � 8.9 mm/year) in patients with TBAD when
compared with patients with 2 (mean 2.1 � 1.7 mm/year)
or 3 entry tears (mean 2.2 � 4.1 mm/year).20 Large entry
tear (>10 mm) or tear located on the inner curvature has
also been found to be associated with increased aortic
growth rate on follow-up.10

COMPLICATED ACUTE TYPE B AORTIC
DISSECTION

TBAD is considered complicated if there is evidence of
rupture or malperfusion.21 In total, 20% to 30% of
TBAD is deemed complicated and carries high mortality
in the short term if left untreated.11,22

Open surgical repair for complicated TBAD has an oper-
ative mortality of 15% to 30%, which can be as high as
50% in the presence of malperfusion.23 A smaller number
of lamellae in the DTA than ascending aorta contributes
to increased anastomotic bleeding after open repair.5,6

Location of proximal entry tear close to the origin of the
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left subclavian artery in most cases necessitates deep hypo-
thermic circulatory arrest via left thoracotomy, attesting to
the complexity of the operation. In their review of 59
patients undergoing open repair for complicated acute
TBAD, Fattori and colleagues24 reported 40% in-hospital
complication rate. The incidence of spinal cord ischemia
was 6.8%, with a stroke rate of 9%.

Given poor survival with only medical treatment and a
high rate of mortality and morbidity after open surgical
repair, TEVAR is considered the gold standard in patients
with acute complicated TBAD.6,25 The technical feasibility
of TEVAR in patients with acute complicated TBAD was
demonstrated by Ehrlich and colleagues26 in their review
of 32 patients with coverage of primary tear in 87% of
cases. A systematic review of 2531 patients undergoing TE-
VAR for acute complicated TBAD reported pooled 30-day
mortality of 7.3%. Pooled 30-day mortality for 2347 pa-
tients receiving BMT was 19%.27

Mossop and colleagues28 successfully introduced the
concept of staged extension of a stent-graft with a bare-
metal stent to address false lumen flow distal to the stent
to expand the true lumen and promote aortic remodeling.
Nienaber and colleagues29 published a case series of 12 pa-
tients with adjunctive or staged extension of TEVAR stent
graft with a bare-metal scaffolding stent to address distal
true lumen collapse and patent false lumen. They demon-
strated a 100% success rate and avoided any spinal
ischemia as the flexibility of using a bare-metal stent al-
lowed them to use a shorter stent-graft used for covering
the proximal tear site.

Investigators of the Study of Thoracic Aortic Type B
Dissection Using Endoluminal Repair (STABLE I) trial,
a multicenter prospective study of Zenith Dissection En-
dovascular System (William Cook Europe, Aps, Bjaever-
skov, Denmark) for the treatment of patients with acute
complicated TBAD, reported an impressive 30-day mor-
tality of only 5.5% and 30-day paraplegia rate of
1.8%.30 The pathology-specific composite device used
was a combination of a stent-graft and a distal bare-
metal stent. In this trial, a bare-metal stent was only de-
ployed when there was evidence of malperfusion or flow
in the false lumen after placement of the stent-graft to
cover the primary proximal tear site. Five-year results of
the study showed 79.9 � 6.2% freedom from all-cause
mortality and 83.9 � 5.9% freedom from dissection-
related mortality.31 Complete false lumen thrombosis of
the thoracic aorta was observed in 74.1% of patients at
5 years, and this translated into a statistically significant
increase in true lumen diameter and a decrease in the
size of the false lumen. Favorable aortic remodeling
shown in this study was also evident from 65.5 � 7.5%,
and 92.2 � 3.9% 5-year freedom from secondary inter-
vention and aortic rupture respectively.
SUBACUTE TYPE B AORTIC DISSECTION
Steuer and colleagues,32 in their review of 60 patients un-

dergoing TEVAR for complicated TBAD, reported that 1 in
6 patients developed complications like rupture, malperfu-
sion, or rapid aortic expansion more than 14 days after the
onset of symptoms. Extension of the vulnerable period
beyond the first 14 days after the onset of symptoms could
be a clue to the subsistence of a subacute phase in the nat-
ural history of TBAD. The subacute phase is proposed to
extend from 2 weeks to 3 months from the onset of symp-
toms when the membrane is not fully mature and the patient
is at risk of rapid disease progression.33 In a review of 22
patients who underwent TEVAR for the onset of complica-
tions in the subacute phase, there was no report of lower-
extremity malperfusion, which might be due to progressive
maturation and stabilization of the distal flap during this
period.34 In this study by Steuer and colleagues, there was
no report of early death or neurologic complications after
TEVAR.
It is known that with gradual loss of the intimal septum’s

pliability with time, benefits of aortic remodeling with TE-
VAR are also decreased. While this is true for chronic
dissection, which benefits mainly by promoting false lumen
thrombosis, TEVAR in the subacute phase has been shown
to induce aortic remodeling by false lumen collapse.35

INSTEAD trial, where 140 patients with uncomplicated
TBAD in the subacute phase were randomized to receive
only BMT or BMT with TEVAR, confirmed the feasibility
of TEVAR in the subacute setting. There was no procedural
mortality and proximal tear site was successfully covered in
all the patients.12 In total, 88.9% of patients in the study had
type IIIB TBAD, and control of blood pressure was
achieved in 90% of cases. Five-year results of this trial
(INSTEAD-XL) after intention-to-treat analysis reported
significantly greater freedom from the combined point of
progression and adverse events in the TEVAR group
(aorta-related death, conversion, and ancillary interven-
tions, including the second stent-graft procedure, access
revision, peripheral interventions) (hazard ratio, 0.55;
0.32-0.98; P¼ .041).10 This study also showed the absence
of disease progression in the TEVAR group after 2 years.
This halt of disease progression in the TEVAR group was
associated with aortic remodeling. TEVAR group experi-
enced significant expansion of true lumen and shrinkage
of the false lumen in the DTA. TEVAR group also showed
complete thrombosis of the false lumen in 90.6% of cases at
the thoracic level and total aortic remodeling in 79.2% of
cases. This study showed stent-graft ability to change the
natural history of TBAD by inducing aortic remodeling
and resultant very low incidence of late reintervention in
the TEVAR group, especially after the first year, compared
with the BMT group, where subjects experienced contin-
uous crossovers.
JTCVS Techniques c Volume 9, Number C 19
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CHRONIC TYPE B AORTIC DISSECTION
Winnerkvist and colleagues12 reported actuarial survival

of 69% at 10 years in patients with uncomplicated TBAD
on anti-impulse therapy. Progressive degeneration of the
aorta with an average of 20% to 50% delayed expansion
of the false lumen by 4 years was mostly responsible for
this suboptimal survival. A review of 125 patients from
the Vascular Quality Initiative Database who underwent
TEVAR for chronic TBAD reported an in-hospital mortality
rate of 2.4%.36 Safety and feasibility of TEVAR in patients
with chronic TBAD was also evident from a meta-analysis
of 567 patients, which reported technical success in 89.9%
of patients.37 At a median follow-up of 26.1 months, stroke
and spinal cord injury were relatively low at 1.5% and
0.45%, respectively. The INSTEAD trial, the only random-
ized trial of patients with uncomplicated TBAD who under-
went TEVAR between 2 and 52 weeks after onset of
symptoms, also reported 100% technical success in
covering the primary tear and had no procedural mortal-
ity.35 A meta-analysis comparison of TEVAR with open
surgical repair in patients with chronic TBAD reported
significantly lower early mortality, stroke, spinal cord
injury, and respiratory complications with TEVAR.38

The need for reintervention has been an Achilles heel af-
ter TEVAR in patients with chronic TBAD. In a retrospec-
tive review of 155 patients with chronic dissection,
Alhussaini and colleagues39 reported reintervention rate
of 26.5%. Persistent flow in the false lumen is responsible
for progressive degeneration leading to the expansion of
the DTA and is a major risk factor for reintervention. Un-
covered distal aortic fenestration and stent-graft induced
new entry tears (SINE) were responsible for patency of
the false lumen in majority of cases. The incidence of
SINE requiring reintervention was as high as 3% in this
analysis. SINE was found to significantly negatively impact
aortic remodeling in a review of 65 patients with chronic
TBAD receiving TEVAR, where the incidence of SINE
was 27.7%.40 Tear of the thickened nonpliable flap in pa-
tients with chronic TBAD has been postulated to cause
SINE. Oversizing the stent-graft more than 10% and con-
nective tissue disorder are the other risk factors for SINE.
Type I endoleak is also a significant culprit requiring rein-
tervention. However, in a prospective comparative study
of TEVAR and BMT in patients with chronic TBAD, Jia
and colleagues41 reported a 12% incidence of type I endo-
leak after TEVARwith spontaneous sealing in most patients
during follow-up.

As discussed before in this article, 5-year results of the
INSTEAD Trial (INSTEAD-XL) reported greater freedom
from the combined point of progression and adverse
events.10 The number needed to treat in this study was 13.
TEVAR group in the trial, where 88.9% of dissections
were DeBakey type IIIB, showed impressive aortic
20 JTCVS Techniques c October 2021
remodeling with the significant expansion of the true lumen
in DTA (19.4� 8.4 to 32.6� 5.5 mm at 5 years; P<.0001),
which was associated with significant shrinkage in false
lumen diameter (29.3 � 12.4 to 10.4 � 13.2 mm at 5 years;
P < .0001). In comparison, the medical treatment
group showed expansion of maximum aortic diameter
(43.6 � 9.2 to 56.4 � 6.8 mm; P<.0001). TEVAR group
also showed a greater rate of complete false lumen throm-
bosis of DTA (TEVAR: 90.6%, medical: 22%;
P<.0001). Lack of aortic remodeling in the BMT group
translated into continued crossover and the need for
intervention.

More evidence of ability of TEVAR to induce aortic re-
modeling in chronic TBAD came from a study from Yang
and colleagues,42 where in a retrospective study of 61 pa-
tients with TBAD receiving TEVAR, there was no signifi-
cant difference in the rate of complete false lumen
thrombosis between patients with acute and chronic
TBAD (chronic TBAD: 88.5%, acute TBAD: 80.6%;
P¼ .221). Overall, these results suggest a potential salutary
effect of TEVAR in subjects with chronic TBAD.

One important mode for treatment failure after TEVAR
in patients with chronic TBAD is persistent retrograde
perfusion of false lumen via septal fenestrations. This has
been described as “type R” false lumen flow as per recently
published Society for Vascular Surgery/Society of Thoracic
Surgeons reporting standards for TBAD.17 Various tech-
niques have been described to induce false lumen throm-
bosis in this setting, as we know that persistent false
lumen flow is associated with treatment failure.8 Miletic
and colleagues,43 in a report of 51 patients undergoing false
lumen embolization for persistent retrograde false lumen
flow, using iliac plugs, and coils, showed induction of false
lumen thrombosis in nearly 90% of patients. K€olbel and
colleagues44 showed the feasibility and effectiveness of an
innovative technique in a case series of 3 patients where
they balloon dilated an oversized stent graft to rupture the
dissection membrane and occlude the false lumen. Eleshra
and colleagues,45 from the same group, also published a
case series of 14 consecutive patients with retrograde false
lumen flow, where they used Candy-Plug II (Cook Medical,
Bjaeverskov, Denmark) device, and showed clinical success
in 93% of patients. Candy-Plug II is a custom-made stent
graft delivered through a 22-French delivery system and
has a central channel which collapses and seals the false
lumen as the device is deployed. However, these techniques
are nascent in their development with application in limited
populations and even more limited follow-up.

LIMITATIONS OF TEVAR
In a review of 404 patients with TBAD from the Interna-

tional Registry of Acute Aortic Dissection database, Nauta
and colleagues46 reported 16% incidence of retrograde arch
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extension. The risk of paraplegia and stroke after TEVAR
for TBAD continues to be a concern. Incidence of para-
plegia after TEVAR is around 8%,47 and although cerebro-
spinal fluid drainage provides protection against spinal cord
ischemia, cerebrospinal fluid drainage procedure per se can
be associated with serious complications.48 TEVAR is also
a risk factor for stroke and rates can be as high as 14.3 in
patients with Zone 2 stent-graft deployment without left
subclavian artery revascularization.49 Acute increase in
arterial stiffness as a result of stent graft in DTA has been
found to increase the afterload on the heart.27

CONCLUSIONS
Evidence of the benefit of TEVAR in patients with

TBAD is getting stronger with time. TEVAR has proved
to be superior to open repair for patients with acute
complicated TBAD, and is now a class 1 LOE A recom-
mendation on the most recent Society of Thoracic Sur-
geons guidelines but is still a 1C recommendation in
the latest European guidelines.50 Several studies have
shown the feasibility and safety of TEVAR in the acute
setting in patients with uncomplicated TBAD. TEVAR
can provide maximum benefit in the acute phase when
membrane is quite pliable and amenable to manipulation.
Stent-graft mediated expansion of the true lumen and
obliteration of the primary tear site can optimize aortic
remodeling in the diseased segment of DTA. This can
be evident as early as one year after TEVAR, as reported
in the results of the ADSORB trial. TEVAR has been
shown to improve long term results in patients with un-
complicated TBAD. However, there is no good long
term RCT of BMT versus TEVAR for acute uncompli-
cated TBAD. ADSORB was too small, with short-term
follow-up, to draw meaningful conclusions. This type
of trial is desperately needed.

Multiple studies have shown benefits of TEVAR in the
subacute phase and that true lumen can be expanded even
late after the onset of disease. The INSTEAD-XL trial
demonstrated that TEVAR can promote aortic remodeling
in both subacute and chronic phase of TBAD, with resultant
improved long-term survival and freedom from aortic-
related adverse events.

Given these promising results, and increasing evidence
for TEVAR in management of TBAD, we anticipate that
TEVAR will be more extensively used to treat this complex
disease process. As the cardiovascular surgical community
becomes more comfortable and confident in adopting endo-
vascular skills, and as endograft technology continues to
rapidly evolve and improve, the potential salutary effects
of TEVAR for TBAD management may become more
evident in the near future. These findings also attest to the
importance of the cardiac surgical community to embrace
and hone endovascular skills to remain engaged in a clinical
space that is rapidly evolving.
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