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Raising the Bar for TBAD Treatment
BY MARK BREEDLOVE

A
ortic dissection presents physicians 
with a complex series of challenges 
due to its unique pathology, variability 
in timing of presentation, and extent 

of disease progression and aortic/branch 
vessel involvement.

At Cook Medical, we acknowledge the 
clinical evidence showing that dissection 
presents differently than aneurysm in terms 
of symptoms and outcomes—it is more 
dynamic and its progression is less predictable. 
We believe that dissection requires its own 
solutions and approaches to management. 
As such, we have developed a disease-specific 
endovascular system, designed to help 
physicians manage the pathology throughout 
the course of disease progression and enable 
a durable endovascular repair of type B 
aortic dissection (TBAD).

Cook Medical is committed to the needs of 
patients and the physicians who care for them. 
In the spirit of collaboration, we asked a group 
of experienced physicians to present articles 
that highlight some of the most important 
and innovative developments in the treatment 
of aortic dissection. We begin with Athanasios 
Katsargyris, MD; Pablo Marques de Marino, 
MD; Balazs Botos, MD; and Eric Verhoeven, 
MD, PhD, who discuss principles for guiding 
TBAD treatment decisions and the aim of 
repair in acute, subacute, and chronic phases, 
as well as complicated and uncomplicated 
cases in their article, “Considerations for Short- 
and Long-Term Goals in TBAD Treatment.” 

Next, Joseph V. Lombardi, MD, and Qing 
Zhou, PhD, discuss, “Results from the STABLE 
Clinical Trials." In “TEVAR Alone Versus the 
STABLE Technique for Acute Complicated 
TBAD,” Jonathan Sobocinski, MD, PhD; 
Dominique Fabre, MD; Richard Azzaoui, 
MD; and Stéphan Haulon, MD, PhD, review 

data from comparative analyses on these 
approaches. 

We hear again from Joseph V. Lombardi, 
MD, this time on the “Impact of Proximal Seal 
Zone in Managing Type B Aortic Dissection.” 
Darren Klass, MBChB, MD, MRCS, FCRC, 
FRCPC, then provides insight into advanced 
imaging methods for diagnosis and treatment 
in his article, “Imaging for TBAD: Essential 
and Optimal Techniques.” In “Controversies 
in Dissection Repair: Addressing Paraplegia,” 
Keagan Werner-Gibbings, MS, FRACS, 
and Bijan Modarai, PhD, FRCS, review this 
devastating complication and the roles of left 
subclavian artery revascularization, aortic coverage, 
and cerebrospinal fluid drainage. To round out 
these expert perspectives, Sukgu Han, MD, 
MS, and Fernando Fleischman, MD, present 
“Building a Multidisciplinary Aortic Center” 
in which they share key components to 
providing comprehensive care for patients 
with aortic dissections.

The intent of this Endovascular Today 
supplement is to engage and inform our 
physician readers and raise the conversation 
around thoracic endovascular aortic repair to 
a new level. We acknowledge the progressive 
nature of aortic disease, and we’re working 
hard to find solutions that create long-term, 
durable repairs. Cook Medical will always 
strive to ensure that we show the necessary 
rigor and discipline to be the responsible 
partner that physicians expect. We hope this 
supplement provides a new perspective and 
even some take-home points that physicians 
can use in the fight against aortic disease.  n

Thank you,
Mark Breedlove
Vice President, Cook Medical
Global Vascular Division
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Considerations for Short- and  
Long-Term Goals in TBAD Treatment
The evidence to guide type B aortic dissection decisions and the aims of repair in acute, subacute, 

and chronic phases, as well as complicated and uncomplicated cases. 

BY ATHANASIOS KATSARGYRIS, MD; PABLO MARQUES de MARINO, MD;

BALAZS BOTOS, MD; AND ERIC VERHOEVEN, MD, PhD

O
ver the last decade, type B aortic dissection 
(TBAD) has gained increasing interest among 
vascular surgeons, as well as other cardiovascular 
specialties. Additional scientific knowledge 

about TBAD was badly needed to address this often 
complex pathology. Data increasingly demonstrate that 
TBAD is neither an easy-to-treat nor a benign disease and 
may have devastating complications in both the acute and 
chronic phases.

Global registries have shown suboptimal long-term 
results for medically treated TBAD patients. Dilatation 
of the false lumen occurs in 20% to 40% of patients over 
5 years. Survival rates range from 86% to 100% at 1 year 
and can be as low as 59% at 5 years. Freedom from aortic 
events ranges from 34% to 84%.1 The classic definitions 
of complicated and uncomplicated TBAD have been 
challenged, and some authors suggest that they should 
both be considered potential vascular complications 
requiring repair by an effective and durable strategy.2 
Because the disease affects younger patients and many 
of the deaths during follow-up are aortic-related, the 
focus is on establishing a treatment that prevents aortic-
related complications and mortality in the longer term.

IRAD (International Registry of Aortic Dissection) 
reported reduced mortality at 5 years in patients with 
acute TBAD treated by thoracic endovascular aortic 
repair (TEVAR) compared with those who were managed 
medically.3 Two prospective randomized studies have 
compared best medical treatment (BMT) alone to BMT 
+ TEVAR for TBAD. The ADSORB trial recruited patients 
with acute uncomplicated TBAD.4 BMT + TEVAR showed 
positive aortic remodeling at 1 year compared to BMT 
alone. The trial, however, was underpowered for mortality 
at 1-year follow-up. 

The INSTEAD trial compared BMT to BMT + TEVAR 
for patients in stable condition at least 2 weeks after 
symptom onset (subacute and early chronic phase).2,5 

Initial results failed to show a benefit for BMT + TEVAR 
regarding 2-year cumulative survival rates but showed 
favorable aortic remodeling in the BMT + TEVAR group. 
In the later INSTEAD-XL report that analyzed patients 
during the time interval 2 to 5 years after the index 
procedure, it was shown that the risk of all-cause mortality 
(11.1% vs 19.3%; P = .13), aorta-specific mortality (6.9% 
vs 19.3%; P = .04), and progression of dissection (27.0% vs 
46.1%; P = .04) after 5 years was lower for BMT + TEVAR 
compared to BMT alone. The authors suggested that 
in patients with stable type B dissection and suitable 
anatomy, preemptive TEVAR should be considered in 
order to improve late outcomes.2

INTERVENTIONAL TREATMENT FOR TBAD 
TBAD With Acute “Hard” Complications

Rupture, visceral ischemia, and limb ischemia are the 
feared “hard” complications in acute TBAD. They all 
require immediate action (“hyperacute” treatment) with 
damage control aiming for patient survival as a first step. 
In case of rupture, emergency TEVAR aiming to seal both 
proximally and distally is the treatment of choice. In case 
of malperfusion, proximal TEVAR to close the entry tear is 
the first step. The purpose is to re-expand the true lumen 
and correct the malperfusion. TEVAR alone may work 
but, at the same time, may not be enough. It is important 
to have all available tools on hand to “finish the job.” 
An important asset is the use of a bare stent as a distal 
extension over the visceral arteries (Zenith Dissection 
stent, Cook Medical) to further help the opening of the 
true lumen by providing support to delaminated segments 
of the aorta at that level without the risk of covering 
the visceral arteries. The bare stent may also facilitate 
additional adjunctive procedures that may be needed in 
this situation to reestablish organ perfusion (eg, adjunctive 
visceral or iliac stenting, fenestration techniques that open 
the dissection flap, open revascularization techniques 
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for visceral arteries or lower 
limbs). Especially for patients 
with malperfusion due 
to dynamic obstruction, 
endovascular fenestration 
of the intimal flap can be 
considered to increase the 
outflow of the false lumen.6

TBAD With Subacute  
“Soft” Complications

Although opinions on the 
topic may vary, refractory 
pain, uncontrollable 
hypertension, increasing 
pleural effusion, rapid 
aneurysmal expansion, and 
progressive narrowing of the 
false lumen are all potential 
“soft” complications during 
the initial admission for 
acute TBAD in our practice. Patients with subacute soft 
complications are rightfully increasingly considered for 
TEVAR. Timing for TEVAR in this cohort of patients 
remains controversial.7,8 In the acute phase, an increased 
risk of retrograde aortic dissection has been reported.9 
Those who recommend waiting at least 2 weeks for the 
dissection process to settle down justify their choice based 
on lower perioperative complications with acceptable 
aortic remodeling rates.2 Those who recommend treating 
patients in the acute phase believe that the risks are 
acceptable and aortic remodeling will be maximized the 
sooner TEVAR is performed.10 In our practice, patients 
with soft complications are most commonly treated in 
the subacute phase, usually after a first control CT at day 3 
and a second at day 10.

Uncomplicated TBAD With High-Risk  
Anatomical Features

In our experience, patients without clinical 
complications but with anatomical features of the 
dissection associated with a higher risk for future 
complications can and perhaps should be considered for 
TEVAR. High-risk anatomical features have been widely 
studied and include aortic diameter > 4 cm with true 
and false lumens both patent, rapid expansion of the 
aortic diameter, primary entry tear diameter ≥ 10 mm, 
false lumen diameter ≥ 22 mm, large single entry tear 
in the inner curvature of the aortic arch, etc.11 TEVAR 
can be considered in this subgroup of patients with the 
aim to induce positive aortic remodeling and reduce 
the risk for late complications (ie, aortic dilatation, 

aneurysm formation, rupture). Timing of TEVAR is again 
controversial, but a more conservative strategy toward the 
subacute phase seems logical in our opinion and is also 
more practical in terms of logistics (ie, time to plan the 
operation and materials). 

In the aforementioned patient categories, TEVAR is 
considered the first choice above surgery. It is important 
to realize that TEVAR alone may not “do the job” as 
previously mentioned. Distal extension with a bare stent 
(provisional extension to induce complete attachment 
[PETTICOAT] technique) has been extensively studied in 
both the STABLE I and II trials in the United States.12 They 
used the noncovered Zenith Dissection stent and showed 
a clear benefit with regard to true lumen perfusion. 
During follow-up, however, no significant reduction of 
distal aneurysmal degeneration could be demonstrated. 

It is important to realize that TEVAR in acute TBAD 
is not without risks. Devastating complications such 
as stroke, spinal cord ischemia, and retrograde type A 
dissection have been reported. Arm ischemia after left 
subclavian artery coverage is also a serious complication. 
Stent graft–related complications like collapse, migration, 
and infection have also been reported during follow-
up. The risk of TEVAR-related complications along with 
the fact that a significant number of TBAD patients 
will not develop an aneurysm during follow-up means 
that TEVAR in patients with soft indications sometimes 
may be an overtreatment, exposing the patient to 
operative risk without later benefit. A critical appraisal is 
therefore crucial for selection of suitable patients, despite 
accumulating data favoring TEVAR. 

Figure 1.  Chronic postdissection TAAA following TEVAR for acute TBAD (A). Treatment with 

four-fenestration FEVAR to achieve complete sealing (B, C).

A B C
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Chronic Postdissection Aneurysms
In chronic TBAD, the indication for treatment is usually 

the postdissection aneurysm (PDA). The goal of treatment 
is to exclude the aneurysm to prevent future rupture. This 
can only be achieved by sealing both proximally and distally. 
With standard TEVAR, this should only be attempted 
in those exceptional cases when the PDA is confined to 
the thoracic descending aorta.13-17 For more extensive 
thoracoabdominal PDA, a more complex fenestrated and 
branched endovascular aneurysm repair (F/BEVAR) may 
be required to exclude all entry and reentry tears, as well 
as to achieve complete sealing (Figure 1), the availability of 
which may be restricted/limited depending on the region. 
For completeness, we report that some authors have 
used TEVAR plus the Zenith Dissection bare stent to treat 
selected cases of more extensive PDA. However, the Zenith 
Dissection bare stent is intended for placement only in 
nonaneurysmal segments of dissected aorta.

F/BEVAR has been used in recent years to treat PDA 
of the thoracoabdominal aorta. Additional technical 
difficulties compared to standard atherosclerotic 
thoracoabdominal aortic aneurysm (TAAA) include the 
narrow true lumen, target vessels that originate from the 
false lumen, and finding/creating adequate proximal and 
distal sealing zones. Due to these technical difficulties, 
the experience with F/BEVAR in the treatment of PDA 
has been limited to a few referral centers.18-21 The first 
reported experience with F/BEVAR in PDA was published 
by our group in 2012 and only included six patients.22 
In 2014, our combined experience with the University 
Hospital of Regensburg was published with a total of 
31 patients.23 The technical success in this series was 
93.5% with a 30-day mortality of 9.6%, reflecting a steep 
learning curve. Mortality has now regressed below 5% in 

our personal series of more than 70 patients. The updated 
published combined experience of Nuremberg and 
Regensburg includes 71 patients.24 Technical success was 
95.8% with an in-hospital mortality of 5.6%. Cumulative 
survival rates at 12, 24, and 36 months were 84.7% ± 
4.5%, 80.7% ± 5.1%, and 70.0% ± 6.7%, respectively. Mean 
aneurysm sac regression during follow-up was 9.2 ± 
8.8 mm, with a false lumen thrombosis rate of 85.4% 
for patients with a follow-up longer than 12 months. 
No ruptures occurred during follow-up, showing that 
F/BEVAR can be a safe and effective treatment for 
extensive thoracoabdominal PDA.

Personal Treatment Algorithm for TBAD Patients
Where do we stand today in terms of decision-making 

for TBAD? According to the available evidence, urgent 
TEVAR should be the first-line intervention in patients 
with acute (hard) complicated TBAD. For patients with 
subacute (soft) complications and/or anatomic features 
that predispose them to future complications, TEVAR 
should probably be considered on an individual basis in the 
subacute phase. Finally, for chronic PDA, standard TEVAR 
has only a limited role in patients where distal sealing 
can be achieved in the thoracic aorta. For more extensive 
PDA, adequate sealing requires the use of F/BEVAR. This 
is summarized in a treatment algorithm proposed by the 
authors (Figure 2). 

REMAINING QUESTIONS AND FUTURE 
PERSPECTIVES

Despite evident progress in the understanding and 
management of TBAD during the last decade, several 
questions remain unanswered. Further studies aiming to 
define subgroups of patients who are more likely to have 

Figure 2.  Authors’ proposed treatment algorithm for TBAD.
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late aortic events and therefore justify early treatment with 
TEVAR are needed. More evidence is also needed with 
regard to the best timing for TEVAR, especially for patients 
who can wait without missing the best treatment window 
to maximize aortic remodeling. Late distal aneurysmal 
degeneration after both medical treatment and TEVAR 
for acute TBAD is a serious concern and has led to the 
evolution of several adjunctive endovascular techniques to 
counteract distal aortic dilatation. 

The PETTICOAT technique with additional stenting 
over the visceral arteries using the Zenith Dissection 
stent has demonstrated benefits with regard to true 
lumen diameter but failed to show a clear advantage 
with regard to prevention of aneurysmal dilatation. In 
Europe, a new adjunctive technique is being evaluated by 
physicians (without industry involvement or support due 
to its off-label use), the stent-assisted balloon-induced 
intimal disruption and relamination in aortic dissection 
repair (STABILISE) concept, which includes the use of 
a stent graft to cover the proximal entry tear (TEVAR), 
followed by a noncovered stent over the visceral arteries 
(like PETTICOAT), and then additional ballooning with a 
larger balloon to disrupt the dissection flap with the aim 
of obliterating the false lumen and restoring single-lumen 
flow.25-27 In theory, the technique seems to be a serious 
attempt to “cure” dissection patients and prevent late 
aneurysmal degeneration, but more studies are required 
before widespread use can be advocated. The European 
registry on the STABILISE concept was created by 
Melissano and colleagues25 and aims to collect data from 
multiple European centers to monitor the technique in 
the long-term with the hope of providing some answers 
to these remaining questions.  n
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Results From the STABLE Clinical Trials
Recently published data from the STABLE I and STABLE II trials supporting a composite device 

approach to endovascular treatment of TBAD.

BY JOSEPH V. LOMBARDI, MD, AND QING ZHOU, PhD

T
he management of type B aortic dissection (TBAD) 
has been completely transformed in the last 
2 decades, during which, thoracic endovascular 
aortic repair has become the treatment of choice 

for TBAD with complicated presentations of rupture 
and malperfusion.1-3 Many challenges still exist for the 
management of this complex disease, such as persistent 
true lumen compression despite proximal coverage of the 
primary entry tear, aortic remodeling limited within the 
stent graft coverage, persistent false lumen perfusion, and 
the risk of aneurysmal growth and degeneration along the 
dissected aorta in the long term.

The Zenith Dissection endovascular stent system (Cook 
Medical) is a unique composite device system (proximal 
stent graft and distal bare-metal stent) that has been 
developed to provide disease-specific treatment for TBAD. 
The proximal stent graft is placed first to cover the primary 
entry tear, thus directing the flow into the true lumen. The 
bare-metal stent is then placed distally to the stent graft 
to provide expansile support of the true lumen along the 
dissected aorta, without blocking important branch vessels. 
This composite device system received FDA approval 
in December 2018 for the endovascular treatment of 
patients with TBAD.4 This approval was based on results 
from the pivotal clinical study of the Zenith Dissection 
endovascular system (the STABLE II clinical study) and was 
also supported by supplementary data from the STABLE I 
clinical study.

THE STABLE STUDIES
STABLE I and STABLE II are two prospective, 

nonrandomized, multicenter studies conducted to 
evaluate the aforementioned composite device system. 
In the STABLE I feasibility study, 86 patients were enrolled 
between December 2007 and February 2012 at sites in the 
United States, Europe, and Australia. STABLE I (registered 
at clinicaltrials.gov as NCT02094300 for the portion of 
the study conducted within the United States and as 
NCT00526487 for the portion of the study conducted 
outside of the United States) included patients treated in 
the acute phase (≤ 14 days of symptom onset) or outside 
the acute phase (15–90 days), who presented with branch 

vessel obstruction/compromise, impending rupture, 
resistant hypertension, persistent pain/symptoms, or rapid 
aortic growth (or large transaortic diameter). 

The STABLE II pivotal study (NCT01568320), on the 
other hand, focused on only acute, complicated TBAD 
that presented with aortic rupture or branch vessel 
malperfusion, and 73 patients were enrolled between 
August 2012 and January 2015 at sites in the United States 
and Japan. As for the study device, the current designs 
(the barbless Zenith TX2 Dissection endovascular graft 
with Pro-Form and the Zenith Dissection endovascular 
stent made of nitinol) were evaluated in the STABLE II 
pivotal study, while a predicate iteration (stent graft with 
barbs and stainless-steel dissection stent) was used in the 
earlier STABLE I study. For both studies, the total follow-up 
duration is 5 years. 

RESULTS FROM STABLE I
Clinical and aortic remodeling results from the 

STABLE I study have been published since the first report 
in 2012,5,6 and the final 5-year study results were 
recently published.7 Two important findings from 
the STABLE I study are the low 30-day mortality and 
paraplegia rates. The 30-day all-cause mortality rate was 
5.5% (3/55) for acute dissection patients and 3.2% (1/31) 
for nonacute patients. Likewise, the 30-day paraplegia 
rate was 1.8% (1/55) in the acute dissection patients 
and 0% in the nonacute patients. Only one additional 
patient treated for nonacute dissection experienced 
paraparesis within 30 days. Although the STABLE I study 
included patients with relatively wider entry criteria 
for presenting complications, most patients presented 
with multiple complications (median, three indications 
per patient) and extensive, DeBakey type IIIb dissection, 
thus representative of the complicated circumstances 
requiring intervention beyond medical management.

At 5 years, the Kaplan-Meier estimate of freedom 
from dissection-related mortality (including deaths 
of indeterminate relatedness to dissection repair) was 
83.9% (standard error [SE], 5.9%) for acute patients and 
90.1% (SE, 5.9%) for nonacute patients. Freedom from 
secondary intervention was 65.5% (SE, 7.5%) for acute 
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and 71.2% (SE, 9.0%) for nonacute patients. In terms of 
aortic remodeling, complete false lumen thrombosis 
in the thoracic aorta increased over time and was seen 
in 74.1% of acute and in 58.8% of nonacute patients 
at 5 years. In both acute and nonacute patients, there 
was an overall increase in true lumen diameter and a 
concomitant decrease in false lumen diameter in not only 
the thoracic aorta but also the abdominal aorta from 
preprocedure through 5 years. Most patients exhibited 
a stable or shrinking transaortic diameter in the thoracic 
aorta at 5 years (acute, 65.5%; nonacute, 81.3%), and the 
proportion was slightly lower in the abdominal aorta 
(acute, 48.3%; nonacute, 76.5%).

Overall, patients treated in acute and nonacute phases 
appeared to respond similarly to the endovascular 
treatment with the composite device design, which 
showed low 30-day mortality and paraplegia rates and 
favorable improvement in aortic remodeling through 
5 years. The need for reintervention in approximately 30% 
of patients by 5 years underscores the importance of life-
long and close surveillance of this patient population.

RESULTS FROM STABLE II
The STABLE II study results through 1 year were recently 

published.8 Device implantation was successful in all 
patients, with an average procedure time of 154.9 minutes 
(range, 54–519 minutes), average intensive care unit stay 
of 6.3 days (range, 0–30 days), and average hospital stay of 
11.8 days (range, 1–47 days). Thirty-day mortality occurred 
in 5 of 73 (6.8%) patients, and 30-day major adverse events 
(MAEs) included myocardial infarction (1.4%), bowel 
ischemia (1.4%), renal insufficiency/renal failure requiring 
dialysis (6.8%), stroke (6.8%), paraplegia/paraparesis (5.5%), 
and prolonged ventilatory support (13.7%).

At 1 year, the Kaplan-Meier estimate of freedom from 
all-cause mortality was 80.3% (SE, 4.7%), with nine deaths 
occurring from 31 to 365 days and only one of them 
related to dissection repair. Within 1 year, 12.3% (9/73) 
of patients underwent secondary interventions, and none 
of the patients required conversion to open surgery. In 
terms of aortic remodeling, among patients with 12-month 
follow-up CT imaging, complete or partial thrombosis 
of the false lumen was seen in 100% of patients within 
the stent graft region and in 97.4% of patients within the 
dissection stent region. Growth (> 5 mm) of the maximum 
transaortic diameter was seen in 14.9% of patients in the 
stent graft region and in 38.5% of patients within the 
dissection stent region.

According to the endpoint analysis per protocol 
among 67 patients who met the clarified study criteria, 
both the primary safety end-point (30-day freedom from 
MAEs: 71.6%; 95% confidence interval [CI], 59%–82%) 

and the primary effectiveness endpoint (30-day survival 
rate: 95.5%; 95% CI, 87%–99%) met the performance 
goals derived from the published Society for Vascular 
Surgery data set.

SUMMARY
Results from the STABLE II pivotal study for acute, 

complicated TBAD provided a reasonable assurance of 
safety and effectiveness in support of device approval 
in the United States having met the primary endpoints 
(30-day survival and MAEs) and demonstrated outcomes 
consistent with expectations for endovascular treatment 
of TBAD, including adverse event rates beyond 30 days, 
reinterventions, and results from follow-up imaging 
assessments. Results from the STABLE I feasibility study 
provided additional evidence (in combination with other 
data sources) to support a broader indication inclusive of 
acute and chronic TBAD.  n

1.  Dake MD, Kato N, Mitchell RS, et al. Endovascular stent-graft placement for the treatment of acute aortic dissection. 
N Engl J Med. 1999;340:1546-1552.
2.  Trimarchi S, Nienaber CA, Rampoldi V, et al. Role and results of surgery in acute type B aortic dissection: insights from 
the International Registry of Acute Aortic Dissection (IRAD). Circulation. 2006;114(1 suppl):I357- I364.
3.  Fattori R, Cao P, De Rango P, et al. Interdisciplinary expert consensus document on management of type B aortic 
dissection. J Am Coll Cardiol. 2013;61:1661-1678.
4.  Zenith Dissection Endovascular System—P180001. U.S. Food and Drug Adminstration web site. https://www.
fda.gov/medical-devices/recently-approved-devices/zenith-dissection-endovascular-system-p180001. Accessed 
September 26, 2019.
5.  Lombardi JV, Cambria RP, Nienaber CA, et al. Prospective multicenter clinical trial (STABLE) on the endovascular 
treatment of complicated type B aortic dissection using a composite device design. J Vasc Surg. 2012;55:629-640.e2.
6.  Lombardi JV, Cambria RP, Nienaber CA, et al. Aortic remodeling after endovascular treatment of complicated type B 
aortic dissection with the use of a composite device design. J Vasc Surg. 2014;59:1544-1554.
7.  Lombardi JV, Cambria RP, Nienaber CA, et al. Five-year results from the Study of Thoracic Aortic Type B Dissection 
Using Endoluminal Repair (STABLE I) study of endovascular treatment of complicated type B aortic dissection using a 
composite device design. J Vasc Surg. 2019;70:1072-1081.e2.
8.  Lombardi JV, Gleason TG, Panneton JM, et al. STABLE II clinical trial on endovascular treatment of acute, complicated 
type B aortic dissection with a composite device design [published online August 30, 2019]. J Vasc Surg.
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TEVAR Alone Versus the STABLE 
Technique for Acute Complicated TBAD
A review of the history of the STABLE technique and data from two post hoc comparative 

analyses comparing these approaches. 

BY JONATHAN SOBOCINSKI, MD, PhD; DOMINIQUE FABRE, MD; RICHARD AZZAOUI, MD;  

AND STÉPHAN HAULON, MD, PhD

T
horacic endovascular aortic repair (TEVAR) 
is the first-line therapy for acute complicated 
type B aortic dissection (TBAD).1 The first goal 
is to treat complications such as malperfusion 

and/or exclude aortic rupture to save the patient’s life. 
The principal function of TEVAR is to exclude/cover 
the main proximal entry tear, thereby redirecting aortic 
flow exclusively toward the true lumen, and ultimately 
decreasing the pressure within the false lumen. In a subset 
of patients with specific anatomic features, early TEVAR 
might reduce the risk of aneurysmal degeneration during 
follow-up by promoting early aortic remodeling. Various 
treatment options have been proposed to reduce early 
mortality and reduce late aneurysmal degeneration. In this 
article, we focus on potential benefits of extending TEVAR 
with a bare-metal stent implanted within the true lumen 
beyond the thoracoabdominal aortic junction, which is 
known as the PETTICOAT or STABLE technique. 

 
HISTORY OF THE STABLE TECHNIQUE

Before the advent of TEVAR via stent graft placement, 
endovascular options were restricted to visceral artery 
stenting and/or intimal flap fenestration for TBAD.2 Since 
the first publications in 1999,3,4 TEVAR has evolved to 
be the best invasive treatment strategy. In our practice, 
TEVAR for acute TBAD is restricted to complicated 
cases, defined as aortic rupture (frank or periaortic 
effusion) and/or organ malperfusion syndrome. However, 
some authors have suggested consideration of other 
criteria as well, such as large aortic diameters at onset, 
refractory pain, and/or persistent hypertension, to define 
complicated dissections.5

In 2005, Mossop et al published their initial experience 
combining thoracic endografting with a self-expandable 
bare stent placed distally,6 which was called the 
PETTICOAT strategy. This technique has two main 

goals: (1) to increase the expansion of the true lumen 
and thus reduce malperfusion, and (2) to promote 
aortic remodeling. Several authors have reported their 
experience with this strategy,7,8 and Cook Medical 
has developed an aortic bare-metal stent specifically 
for dissection treatment. Cook’s Zenith Dissection 
endovascular system, comprising a stent graft component 
and the distal bare stent component specifically for 
dissection treatment, was evaluated in the STABLE I 
and II studies.9,10 The STABLE I study assessed an earlier 
iteration of the device combination (Zenith TX2 stent 
grafts and stainless steel bare stents) in patients who 
were treated at up to 90 days from dissection symptom 
onset and presented with a wide range of indications. 
The STABLE II pivotal study, conducted later, evaluated 
the current device system (barbless stent grafts and 
nitinol bare stents) in patients who presented with 
only acute, complicated TBAD. Both studies assessed 
outcomes up to 5 years, but neither compared the results 
of this combined strategy to endografting alone. We thus 
conducted two secondary analyses comparing the results 
from the STABLE cohorts to the results from high-volume 
European aortic centers, where endografting alone was 
performed to treat acute complicated TBAD.11,12

AORTIC REMODELING
Aortic remodeling is a combination of true lumen 

expansion and false lumen thrombosis and shrinkage. 
It is well described in the literature that TEVAR promotes 
aortic remodeling at the level of the endograft but has 
little or no influence on the aorta beyond the diaphragm. 
There has been scarce literature on the impact of bare 
stent placement at the level of the thoracoabdominal 
aorta on aortic remodeling.8,13

In this context, we conducted a post hoc comparative 
analysis of two groups of patients surviving 1 year after 
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endovascular treatment of an acute complicated type B 
dissection, with available CT at baseline and at 12 months: 
one group was treated with TEVAR alone (n = 45) at three 
high-volume institutions in Lille, France; Caen, France; 
and Malmö, Sweden; the other group was treated with 

the PETTICOAT strategy (n = 39) in the STABLE I 
study.11 A thorough morphological analysis of the 
aorta, including changes in aortic volumes, was 
conducted through 1 year, and details of the initial 
and secondary procedures were collected.

During the initial procedure, the length of 
aorta covered by the endograft within the 
descending thoracic aorta was comparable in 
both groups (184.0 ± 48.7 mm in TEVAR alone 
vs 166.6 ± 47.2 mm in STABLE; P = .11). In terms 
of clinical outcomes at 1 year, the reintervention 
rates were similar between the two groups 
(11.1% in TEVAR alone vs 12.8% in STABLE). In 
terms of aortic remodeling results, while both 
groups showed significant remodeling in the 
thoracic aorta (true lumen increase and false 
lumen decrease in aortic volume), we observed 
some differences in the abdominal aorta. Only 
the STABLE group exhibited a statistically 
significant increase in true lumen volume at the 
level of the abdominal aorta, most prominently 
seen on the postoperative as compared to the 
preprocedure CT scans (P < .001), as well as from 
postprocedure to 1 year (P = .035), while the 
changes within the TEVAR alone group were not 
statistically significant. When compared between 
the two groups, the overall change in the true 
lumen volume from preprocedure to 1 year was 
greater in the STABLE group (16 cm3) than in the 
TEVAR group (10 cm3) but was not statistically 
significant (P = .10). 

From these results, we hypothesized that this 
early benefit of true lumen expansion in the 
abdominal aorta, in relation to the implantation 
of a bare self-expandable stent in the true 
lumen, could have an impact on the outcomes 
of patients presenting with malperfusion at 
onset (Figure 1). We thus conducted the study 
described thereafter.

MALPERFUSION
We performed a second post hoc comparative 

analysis focusing on short-term outcomes of 
two patient groups treated for acute TBAD with 
malperfusion (imaging findings and/or clinical 
signs) diagnosed at onset.12 The first group (n = 41; 
from Lille, France and Malmö, Sweden) was treated 

with TEVAR alone, whereas the second group (n = 84; from 
both the STABLE I and STABLE II studies) was treated with 
the composite device design.

At presentation, comparable organ system involvement 
in malperfusion was depicted, and both groups showed 

Figure 1.  Images of a patient treated for acute complicated TBAD with 

the STABLE technique. In the left column, slices of the preoperative 

CTA show collapse of the true lumen along the aorta beyond the 

thoracoabdominal junction. In the right column, slices of the immediate 

postoperative CTA exhibit a satisfying opening of the true lumen 

scaffolding by the bare-metal stent toward the abdominal aorta.
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similar lengths of dissection and similar locations of the 
proximal and distal aspects of the dissection. The STABLE 
patients presented with a higher American Society 
of Anesthesiologists class, greater prevalence of renal 
insufficiency, and worse preoperative hypertension and 
renal function status (according to Society for Vascular 
Surgery scores) compared with the TEVAR patients. Both 
groups received a median of one stent graft component 
(range, 1–2 for TEVAR alone vs 1–3 for STABLE; P = .66). 
Additional selective stenting of visceral and renal branches 
was required in 46% of TEVAR patients and 30% of 
STABLE patients after endograft deployment (P = .08).

The 30-day mortality rate in the STABLE group was 
half of that in the TEVAR group, but this difference was 
not statistically significant (8.3% [7/84] vs 17.1% [7/41]; 
P = .22). Malperfusion-related mortality, defined as deaths 
caused by bowel/mesenteric ischemia or multiple organ 
failure, was statistically lower in the STABLE group (2.3% 
[2/84] vs 12.2% [5/41]; P = .038). The 30-day rates of 
morbidity such as renal failure requiring dialysis, bowel 
ischemia, and neurologic events were similar between 
the groups, as were the 30-day rates of secondary 
interventions (7.3% for TEVAR alone and 7.1% for STABLE 
group). Similar to findings from our earlier aortic volume 
study, the amount of true lumen diameter increase was 
statistically significantly greater in the STABLE group than 
in the TEVAR group in the abdominal aorta (P < .001) 
but not in the thoracic aorta (P = .835).

CONCLUSION
Our volume analysis comparing TEVAR and STABLE 

showed no statistically significant difference in terms of 
overall aortic remodeling at 1 year, but the STABLE cohort 
showed a significant increase of true lumen volume in the 
abdominal aorta postoperatively. This more prominent 
true lumen expansion in the distal aorta was also observed 
at postprocedure in the composite device group in our 
second study focusing on acute type B dissections in the 
setting of malperfusion and may have contributed to 
alleviation of branch vessel malperfusion. In this study, 
TEVAR + bare-metal stenting showed a twofold reduction 
in all-cause early mortality, albeit statistically insignificant, 
and statistically significantly lower 30-day malperfusion-
related mortality in patients with acute TBAD with 
malperfusion compared to TEVAR alone.

Our results suggest that aortic bare-metal stenting 
in addition to endografting of the proximal descending 
thoracic aorta should be proposed for patients with 
malperfusion at onset to improve early survival. Larger 
cohorts and prospective randomization of patients to 
both treatment options would be required to confirm 
these results.  n

1.  Fattori R, Cao P, De Rango P, et al. Interdisciplinary expert consensus document on management of type B aortic 
dissection. J Am Coll Cardiol. 2013;61:1661-1678.
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placement. N Engl J Med. 1999;340:1539-1545.
4.  Dake MD, Kato N, Mitchell RS, et al. Endovascular stent-graft placement for the treatment of acute aortic dissection. 
N Engl J Med. 1999;340:1546-1552.
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Impact of Proximal Seal Zone in 
Managing Type B Aortic Dissection 
A look at how zone 2 involvement and proximal seal affect TEVAR outcomes for TBAD.

BY JOSEPH V. LOMBARDI, MD

Z
one 2 involvement (ie, disease extending to the 
aortic segment between the distal margin of left 
common carotid artery [LCCA] and distal margin 
of the left subclavian artery [LSA]) in type B aortic 

dissection (TBAD) can be a dilemma for surgeons who 
perform thoracic endovascular aortic repair (TEVAR). 
Although landing in healthy aorta is always the goal, 
many surgeons proceed with placing the stent graft in a 
suboptimal landing zone with disease involvement (frank 
dissection or, more commonly, intramural hematoma 
[IMH]) or inadequate sealing length.

In the STABLE studies, the protocols required that 
TBAD did not extend proximal to the LSA and a 
≥ 20-mm proximal landing zone length between the 
LCCA and the most proximal extent of dissection. 
Although these criteria were met according to best site 
assessments, centralized core laboratory analysis of the 
three-dimensional reconstructed CT imaging indicated 
that many patients exhibited more extensive dissections. 
The reason for this inconsistency is multifactorial. When 
patients present in the acute setting and need emergent 
treatment, it can be difficult to obtain a full evaluation 
of the entire proximal landing zone as thoroughly as the 
core laboratory. Also, no current standards allow for 
consistent categorization of full disease involvement in 
the proximal seal zone, which may also have contributed 
to inconsistency in imaging assessment among surgeons 
and sites. Needless to say, this phenomenon likely occurs 
with a similar or greater frequency in the “real world,” 
outside the confines of a clinical trial.

The effect on suboptimal proximal seal zone on 
outcomes after endovascular TBAD repair has not 
been well studied in the literature. The literature that 
does exist suggests that landing in an unhealthy aorta 
increases the risk of retrograde dissection. In a study by 
Kuo et al involving 71 patients who underwent TEVAR 
for complicated TBAD, a majority (63%) had a proximal 
seal zone entirely in IMH or dissected aorta.1 During a 
mean follow-up of 14 months, two confirmed cases and 
one suspected case of retrograde dissection occurred 

exclusively in the patients with circumferential IMH in the 
landing zone. In the STABLE I and II studies, it was also 
found that most patients who experienced retrograde 
dissection or proximal type I entry flow had inadequate 
proximal landing zone by core laboratory analysis.2,3 

Recently, the effects of the achieved proximal seal 
length on outcomes from the STABLE studies have 
been studied.4 This analysis included 110 patients 
from the STABLE I and STABLE II studies who were 
treated for acute TBAD and who had available core 
laboratory measurements for the achieved seal length, 
calculated as the difference between available seal 
length (from the LCCA to the proximal extent of 
dissection) on preprocedure CT and uncovered length 
(from the LCCA to the first 360° visualization of the 
stent) on postoperative CT. Based on the achieved 
seal length, these 110 patients were divided into four 
groups: ≥ 20 mm (n = 19), 10 to < 20 mm (n = 25), 
0 to < 10 mm (n = 36), and < 0 mm (n = 30). The 
low proportion of patients who achieved 20 mm of 
proximal seal was due to not only inadequate seal zone 
to begin with in some patients but also inadequate 
use of available sealing zone during device deployment 
in additional patients. For example, in patients who 
required stent graft delivery adjacent to the LCCA, the 
investigators tended to be more cautious for fear of 
covering the carotid orifice.

We examined a composite outcome of device events 
(proximal type I entry flow, device migration, transaortic 
growth > 5 mm, or retrograde dissection) and observed an 
inverse relationship between this outcome and achieved 
seal length. The cumulative rate of this outcome at a 
mean follow-up of 39.6 ± 20.4 months was lowest in 
patients with proximal seal length of ≥ 20 mm (15.8%), 
and this rate increased as the seal length decreased: 
32.0% for seal length of ≥ 10 to < 20 mm, 52.8% for ≥ 0 
to < 10 mm, and 60.0% for < 0 mm (P < .01, Cochran-
Armitage trend test).

These results highlight the importance, albeit with 
many challenges, of landing an endograft in healthy and 
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stable aorta in patients requiring urgent management for 
complicated TBAD. Emergent TEVAR with inadequate 
seal length should lead to heightened surveillance 
algorithms for retrograde extension and early aneurysm 
formation. Utilization of intraoperative transesophageal 
echocardiography and predischarge CTA can be useful in 
establishing baseline anatomical characteristics and early 
diagnosis of aortic-related morbidity.  n
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Imaging for TBAD: Essential and 
Optimal Techniques
An overview of advanced imaging methods for the diagnosis and treatment of type B  

aortic dissection.

BY DARREN KLASS, MBChB, MD, MRCS, FCRC, FRCPC

I
maging of aortic dissection can be performed both 
periprocedurally with computed tomography 
(CT) and intraprocedurally with transesophageal 
echocardiography (TEE) and subtraction angiography. 

Although there are limitations to each modality, 
overall, these methods are capable of demonstrating 
the pathology, allowing for a diagnosis to be made, 
a procedure to be performed, and follow-up to be 
completed with relative ease.

Aortic dissection is an extremely complex disease, 
often with multiple fenestrations along the length of 
the intimomedial flap; many of these are large and 
therefore pose potential pitfalls regarding passage of 
wires and stent grafts inadvertently into the false lumen, 
with potentially catastrophic consequences. In addition 
to the complexities encountered intraprocedurally, 
assessment of the morphology of the dissection and 
aorta at the time of diagnosis is essential to ensure 
the correct management strategy is undertaken. If 
a decision is made to proceed with endovascular 
repair of the dissection with stent grafts, accurate 
measurement of the landing zone is required to confirm 
appropriate stent graft sizing to minimize the risk of 
a retrograde dissection due to device oversizing. This 
seemingly simple task can be relatively inaccurate if the 
appropriate imaging protocols are not followed and 
setup of the CT scanner is not optimized.

The aim of this article is to highlight the advanced 
imaging techniques available that aid in diagnosis, 
treatment planning, procedural execution, problem 
solving, and follow-up.

COMPUTED TOMOGRAPHY
CT angiography is a fast, reliable, and reproducible 

method of assessment of acute aortic syndromes. 
The technology has advanced rapidly, and the speed at 
which images are acquired has significantly improved. 
Many CT scanners can acquire images using two separate 

imaging sources (dual energy), which in turn allow 
a patient to move much faster through the scanner, 
obtaining whole body scans with submillimeter resolution 
in a matter of milliseconds.1,2

The combination of rapid patient movement through 
the CT scanner and the dual energy acquisition have 
allowed imaging of the aorta to be acquired between two 
heart beats, which then images the ascending aorta with 
little or no motion. The coronary cusps, ascending aorta, 
and transverse arch are free from artifact, so diagnosing 
a subtle type A dissection becomes much easier for the 
clinician and can be made with confidence (Figure 1A). If 
this imaging protocol is utilized, it negates the need for 
a confirmatory TEE in many cases. The lack of motion 
of the aorta during image acquisition improves the 
resolution and allows for accurate measurement of the 
aorta, as the wall is easy to identify (Figure 1B). In cases of 
acute and subacute dissection, where oversizing can lead 
to a retrograde dissection with stent graft deployment, 
utilizing this technique allows measuring and planning 
with much more confidence and accuracy than standard 
image acquisition.

This technique is termed ultrahigh-pitch CT, where the 
patient is moved through the scanner much faster than a 
conventional scan. Ultrahigh-pitch CT scanning is possible 
on modern scanners due to the speed at which images are 
acquired, the computational power of the processors, as well 
as the ability to utilize electrocardiography (ECG) gating. 

ECG gating allows the scanner to initiate image 
acquisition at particular stages of the cardiac cycle. 
The patient is monitored via ECG leads and the software 
identifies the QRS complex and triggers between the 
complexes to decrease motion as much as possible. This 
method of image acquisition has a temporal resolution 
of approximately 75 ms, which allows for a full high-
resolution cardiac CT scan in 250 ms.

This not only allows for motion reduction in the 
ascending aorta but also a much more sensitive and 
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specific image where submillimeter fenestrations can 
be identified (Figure 1C), which may influence decisions 
regarding stent graft length.

In addition, modern CT scanners allow for time-
resolved imaging, where a small volume of tissue can be 
interrogated in real time, with the scanner moving the 
patient backward and forward over a short distance 
(15–25 cm) to assess for dynamic changes in contrast 
flow. Contrast can be imaged throughout the cardiac 
cycle in the arterial and delayed phase, allowing an 
angiographic rendering with significantly better soft tissue 
assessment and longer scan times, as well as relatively low 
doses of contrast (typically 50 mL) and radiation.

MAGNETIC RESONANCE IMAGING
Historically, magnetic resonance imaging (MRI) 

has not been widely utilized in aortic imaging due to 
the lack of robust protocols and adequate expertise 
for interpretation. MR angiography has evolved 
with the design of parallel imaging protocols, which 
allow simultaneous imaging of multiple slices of 
tissue, decreasing scan times by up to eight orders of 
magnitude.3 A main benefit of MRI of the aorta is that 
it carries no dose penalty and therefore is the ideal 
screening and follow-up tool for patients requiring 
follow-up of aortic pathology for life (eg, those with 
connective tissue disorders) or for screening patients 

with risk factors for aortic pathology. Many of the 
examinations for screening and follow-up can be 
performed via MRI without the use of gadolinium 
contrast agents, as evaluation of only interval change 
in the size of the aorta is often required, and the soft 
tissue resolution and signal-to-noise ratio are more than 
adequate for answering these simple questions and are 
superior to noncontrast CT for basic follow-up. If there 
is any progression in the aortic disease, including an 
increase in size, the patient can then be imaged with 
contrast-enhanced CT for procedure planning.

Although MRI plays little or no role in the diagnosis 
of acute aortic syndromes because it is time consuming 
and requires specialist radiology training to develop 
protocols and interpret images, it does play an 
important role in problem solving for complex patients. 
The use of time-resolved MRI allows for the dynamic 
assessment of blood flow after the administration of 
gadolinium. This assessment often can be performed 
with half the dose of gadolinium required for 
conventional imaging and provides detailed information 
to the clinician on flow dynamics in the aorta.4 As 
opposed to four-dimensional MR flow assessment, time-
resolved MRI cannot quantify flow but does provide 
information on the direction of flow and enhancement. 
The temporal resolution of the imaging protocol can 
be adjusted where the scan volume is sampled more or 
less frequently depending on the question asked. This 
can be particularly helpful after stenting for dissection, 
where the direction and speed of flow into the false 
lumen can be of particular importance for patients in 
whom there is the question of antegrade flow in a false 
lumen after stenting (Figure 2) and earlier intervention 
would be preferred.

A second potential use of time-resolved MRI is for 
perfusion assessment of end organs, such as the kidneys, 
in patients with resistant hypertension after an aortic 
dissection. The study can be performed and the kidneys 
imaged throughout the arterial, corticomedullary, 
and excretory phases to assess for comparative 
enhancement of the kidneys and the presence of a 
delayed nephrogram, which would suggest altered 
perfusion to that kidney.

Delayed imaging of the aorta at 2 to 5 minutes 
following contrast administration allows for high-
resolution imaging with a spatial resolution of 1 mm. 
Any slow, delayed filling of the false lumen, which may 
be missed on CT imaging traditionally at 90 seconds, 
can be evaluated using a fast breath-hold sequence or 
a high-resolution sequence. Delayed vascular imaging is 
referred to as steady-state imaging as the contrast reaches 
equilibrium in the arterial and venous systems. 

Figure 1.  CT images using an ultrahigh-pitch protocol 

demonstrating well-visualized coronary origins (arrows) with 

no aortic motion (A); motionless ascending aorta, aiding 

in excluding a dissection and improving measurement 

accuracy (B); and the entry tear (white arrow) and multiple tiny 

fenestrations along the entire length of the intimomedial flap 

(black arrows) (C).

A

B
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INTRAVASCULAR ULTRASOUND
Intravascular ultrasound (IVUS) provides high-

resolution, real-time imaging of the vascular system and 
has become an increasingly recommended standard 
of care when treating aortic dissection. A number of 
vendors produce IVUS transducers with either radial 360° 
array transducers (Visions PV .035, Philips) or side facing 
transducers.

Each configuration has its unique aspects. The IVUS 
catheter, for instance, is very suitable for image-guided 
intervention and can be oriented and directed with 
the side-facing transducer, as the transducer provides a 
limited visual field in the direction of the transducer only. 
The operator can therefore turn the IVUS catheter in the 
direction of the intended intervention. If a 360° view is 
required, the operator is able to visualize the entire aorta 
on a single image; however, it is more difficult to direct 
the catheter.

The radial 360° array transducer 
allows for a circumferential view of 
the aorta (Figure 3). When the exact 
orientation of vessels is known, such 
as the visceral and renal vessels, the 
catheter can be appropriately oriented. 
The 360° array transducer is well suited 
to aortic imaging, as the entire aorta 
and dissection can be evaluated in each 
image in real time. The movement of 
the intimomedial flap can be evaluated 
(Figure 3A and 3B), particularly in 
dynamic obstruction of branch 
vessels (Figure 3C). The morphology 
of the flap can be assessed, and most 
importantly, the path of the wire can 
and should be assessed throughout 
to ensure that when stenting is 
performed, the stent is placed in the 
true lumen. Without IVUS guidance, 
it is possible to place the wire in the 
true lumen distally and for the wire 
to traverse multiple fenestrations into 
the false lumen and back into the true 
lumen without the knowledge of the 
operator, with potentially catastrophic 
consequences. The use of IVUS allows 
accurate navigation of the wire through 
the true lumen of the access vessel to 
the ascending aorta for stenting.

A further benefit of IVUS is the 
ability to measure the diameter of the 
aorta and lumina prior to stenting. This 
is of particular importance if the initial 

diagnostic images were not obtained using ultrahigh-
pitch CT and motion may have precluded accurate 
measurement of the landing zone. The transducer used 
for aortic imaging is placed over a 0.035-inch wire and has 
a field of view of 5 cm in diameter. This catheter (Visions 
PV .035) requires a 9-F sheath for access and is a single-
use item.

TRANSESOPHAGEAL ECHOCARDIOGRAPHY
TEE has been used extensively in diagnosing acute 

aortic pathology and can be used intraoperatively to 
aid in guidance of the wire in the true lumen. However, 
this is limited to the thoracic aorta and therefore the 
abdominal path of the wire cannot be assessed. This 
modality, with the increased use of IVUS, has become an 
adjunct imaging tool for the endovascular operator and 
also can be used to assess for flow in the false and true 
lumina following stenting, as some IVUS systems do not 

Figure 2.  Time-resolved MR angiography demonstrating very early antegrade filling 

of the false lumen (arrow) (A), with further antegrade filling (B), and both antegrade 

and retrograde filling with altered signal in each due to the flow differential (C, D).

A B C D

Figure 3.  IVUS demonstrating the mobility of the intimomedial flap in systole with 

compression of the true lumen (A), diastole with expansion of the true lumen (B), 

and near-complete delamination of the intimomedial flap and extension into the 

left renal artery ostium (star) with a dynamic obstruction (C).

A B C
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have Doppler capability. TEE also has a role in the workup 
of acute aortic syndromes when the CT is equivocal, 
particularly in the diagnosis of type A dissection or when 
a type A dissection is suspected in patients with renal 
failure and iodinated contrast agents should be avoided.

CONCLUSION
Imaging has rapidly advanced and the ability to obtain 

high-resolution, accurate imaging of the entire aorta 
with little motion is not only possible but can be done 
without the need for ß blockade. It is necessary for any 
physician treating aortic dissection to become familiar 
with advanced imaging options and incorporate them 
into the workup, treatment, and follow-up protocols for 
patients with aortic dissection.  n
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Controversies in Dissection Repair: 
Addressing Paraplegia
A review of this devastating complication including incidence rates after TEVAR for TBAD and the 

roles of left subclavian artery revascularization, aortic coverage, and cerebrospinal fluid drainage. 

BY KEAGAN WERNER-GIBBINGS, MS, FRACS, AND BIJAN MODARAI, PhD, FRCS

P
araplegia is a devastating and unpredictable clinical 
syndrome that remains an important consideration 
in the management of type B aortic dissection 
(TBAD). Although spinal cord ischemia (SCI) can 

manifest as a de novo sequela of TBAD at presentation, it 
is encountered more frequently as a complication of both 
endovascular and open TBAD repair. Systematic reviews 
have suggested SCI rates of up to 4% for undifferentiated 
patients undergoing endovascular repair of TBAD1,2; 
however, significantly higher rates have been reported, 
especially in case series dealing with acute presentations.3 

A complex interplay of factors impacts the likelihood 
of SCI complicating endovascular repair of TBAD. The 
blood supply of the spinal cord arises via a variety of 
different vascular territories, including the intercostal, 
lumbar, left subclavian, and internal iliac arteries.4 
Disruption of the blood flow from any of these territories 
reduces perfusion to spinal cord neural tissue, increasing 
the risk of SCI. As such, the extent of aorta covered 
during thoracic endovascular aortic repair (TEVAR), 
patency of the left subclavian artery (LSA) and internal 
iliac arteries, and perioperative blood pressure are just 
some of the factors that affect the periprocedural risk of 
SCI. Patients who develop paraplegia after TEVAR have 
a poor long-term functional outlook and significantly 
reduced life expectancy.5

COMPARATIVE PARAPLEGIA RATES AFTER 
TEVAR FOR TBAD AND ANEURYSMAL DISEASE

Published literature to date suggests that SCI rates after 
TEVAR for TBAD are lower than for TEVAR carried out 
to repair thoracic aneurysms, with rates of 4% reported 
for the former and up to 10% for the latter.6,7 The 
EUROSTAR registry reported outcomes from 606 patients 
who underwent TEVAR, of whom 291 were treated 
for aneurysmal disease and 215 for TBAD.8 Fourteen 
patients in this cohort experienced SCI postoperatively: 
11 (3.8%) in the aneurysm group and three (1.4%) in 

the dissection group. The reasons for these reported 
disparities are likely multifactorial. The lower burden of 
mural atheroma and thrombus in TBAD presents a lower 
risk for atheroembolism after manipulation in the aorta. 
Another factor that may contribute to lower SCI rates in 
TBAD is that some false lumen perfusion often persists 
after TEVAR, either maintaining perfusion through the 
intercostal arteries or allowing time for collateralization. 
In contrast, the aneurysmal aorta is promptly sealed after 
TEVAR with rapid sac thrombosis and cessation of flow 
through the intercostal arteries before requisite collaterals 
have developed.

RISK OF PARAPLEGIA AFTER TREATMENT OF 
ACUTE AND CHRONIC TBAD

Treatment of TBAD in the acute phase, defined as 
within 2 weeks of presentation, is another significant risk 
factor for the development of SCI compared with TEVAR 
carried out for chronic TBAD. Case series reporting on the 
endovascular treatment of acute, complicated TBAD have 
demonstrated SCI rates as high as 15%.9,10 These results are 
similar in registry data for thoracic devices, with rates of SCI 
in the treatment of acute complicated TBAD reaching 6% to 
8%.11,12 Multicenter studies have repeatedly demonstrated 
double the rate of parapalegia13 and SCI14 in acute versus 
chronic TBAD treatment. A meta-analysis from 2013 
reported SCI risks of 1.5% associated with endovascular 
treatment of chronic TBAD and 4.2% after treatment of 
acute cases.2 TEVAR in the acute phase is frequently carried 
out for complicated TBAD in a patient who is more likely to 
exhibit episodes of hypotension with consequent reduction 
in spinal cord perfusion and increased susceptibility to SCI. 
Another important factor dictating higher SCI rates may 
be the fact that patients who require TEVAR necessitating 
coverage of the LSA are less likely to have prophylactic 
LSA revascularization in the acute scenario.9,15 Finally, 
delaying TEVAR to the chronic phase may allow intercostal 
collateralization and protect against SCI after aortic coverage. 
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LSA REVASCULARIZATION AFTER TEVAR  
FOR TBAD

A large proportion of TBADs originate at, or just 
distal to, the LSA; consequently, establishing an 
acceptable proximal seal zone in healthy aorta for TEVAR 
necessitates coverage of the LSA in these cases.16 Given 
the contribution of this vessel to the blood supply of the 
spinal cord via the anterior spinal artery, it would seem 
logical to assume that LSA coverage without routine 
revascularization may influence spinal cord outcomes. 
Although multiple studies have aimed to address LSA 
management, conclusive evidence for a benefit associated 
with routine LSA revascularization prior to coverage 
remains elusive. A Cochrane review published in 2016 was 
unable to provide any guidance on this matter due to the 
lack of good-quality evidence.17 Two meta-analyses have 
described the outcomes of LSA management in TBAD 
repair.18,19 Both of these studies demonstrated trends 
toward higher paraplegia rates with coverage of the LSA. 
Revascularization of the LSA was associated with lower SCI 
rates, but these were nonsignificant trends and the studies 
collated were of relatively poor quality. 

Studies incorporating TEVAR for both TBAD and 
aneurysmal pathology similarly present inconclusive 
outcomes related to LSA revascularization and effect 
on paraplegia rates. A 2018 meta-analysis reported 
lower SCI rates (4.7%) when the LSA was covered 
and revascularized, compared with when it was 
covered without revascularization (6.7%).20 Likewise, 
two meta-analyses published in 2009 noted increased 
risks of SCI in patients who had LSA coverage without 
revascularization.21,22 More recent collated evidence, 
however, suggests no difference in paraplegia rates after 
revascularization of the LSA.23,24

The Society for Vascular Surgery (SVS) and European 
Society for Vascular Surgery practice guidelines suggest 
revascularization of the LSA in all elective cases and 
expectant revascularization in the acute scenario, but 
both guidelines acknowledge a lack of quality evidence to 
support these recommendations.25,26 Given the likelihood 
of reintervention after the index TEVAR for TBAD, 
however, it would seem prudent to adopt an aggressive 
LSA revascularization approach in stable patients to protect 
against future risk of paraplegia with interventions that will 
necessitate further aortic coverage. It is the authors’ belief 
that total endovascular solutions, such as an off-the-shelf 
LSA branch, that facilitate routine LSA revascularization 
would be an invaluable adjunct for TBAD treatment.

LENGTH OF AORTIC COVERAGE
Extensive endografting of the thoracic aorta is associated 

with higher SCI rates, particularly with concomitant LSA 

coverage without revascularization.8,27 Limiting the extent of 
aortic coverage at the index TEVAR for TBAD can, however, 
increase the likelihood of persistent false lumen flow and the 
need for secondary interventions.28 Although some authors 
suggest a critical length of coverage of 150 mm, beyond 
which the risk of paraplegia significantly increases, it is more 
likely that this risk exists on a continuum, increasing as 
aortic coverage increases.19 This point is noteworthy in light 
of current trends toward coverage of the entire thoracic 
aorta to the level of the celiac artery to promote false lumen 
thrombosis, improve aortic remodeling, and reduce long-
term aneurysmal degeneration. This strategy, however, may 
come at the cost of higher paraplegia rates. 

The Zenith Dissection endovascular system (Cook 
Medical) for the treatment of aortic dissection is a 
modular system consisting of a proximal component, the 
Zenith TX2 Dissection thoracic endovascular graft, and 
a distal component, the Zenith Dissection endovascular 
bare-metal stent. The stent graft covers the proximal entry 
tear, depressurizes the false lumen and redirects flow into 
the true lumen. The distal bare stent, extending below the 
visceral/renal arteries, expands the distal true lumen and 
stabilizes the intimal flap. This is known as the PETTICOAT 
technique. The STABLE I study, a multicenter experience 
with this technique, reported false lumen thrombosis 
in 59% of patients and was associated with an SCI rate 
of 2.5%.29 STABLE II was a prospective study examining 
the PETTICOAT technique in acute, complicated TBAD 
and reported SCI in four (5.5%) patients.30 Both studies 
reported SCI rates consistent with or slightly lower than 
those reported in other trials (6%–8%) and the SVS data 
set (9.4%).30

In our recently collated multicenter European experience 
of 121 patients treated for acute and chronic TBAD with 
the Zenith Dissection endovascular system (unpublished 
data), five (4.1%) patients developed paraplegia. All cases 
of paraplegia were in patients treated acutely. There were 
no instances of paraplegia in the 34 patients in whom 
the PETTICOAT technique was used. In this cohort, the 
length of covered stent graft used was shorter than in the 
remaining 87 patients who did not have concomitant use 
of the Zenith Dissection endovascular bare-metal stent.

THE ROLE OF CEREBROSPINAL FLUID 
DRAINAGE

Perioperative cerebrospinal fluid (CSF) drainage has been 
shown to reduce paraplegia after open thoracoabdominal 
aortic surgery.31 Its role during TEVAR is less clear. A recent 
meta-analysis demonstrated a modest benefit for 
prophylactic CSF drainage for endovascular treatment 
of thoracic and thoracoabdominal pathology associated 
with a reduction in SCI rate from 2.5% to 1.5%.32 It was 
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noted that patients in whom spinal drains are placed 
as a rescue measure in an attempt to reverse paraplegia 
have significantly worse outcomes than those in whom 
prophylactic drainage is instituted. Up to 20% of 
rescue cases were discharged with residual neurological 
impairment.

CSF drainage carries a small but significant risk of 
complications including epidural hematoma, intracranial 
hemorrhage, infection, and catheter fracture/retention, 
hence it should be considered in select cases where TEVAR is 
deemed to be associated with a high risk of paraplegia. These 
include cases treated in the acute phase in which coverage of 
the entire thoracic aorta is planned and the collateral supply 
to the spinal cord is also impaired, for example because one 
of the internal iliac arteries is occluded. An additional role for 
CSF drainage in the future may be to facilitate continuous 
sampling of spinal fluid for measuring biomarkers that 
herald the onset of SCI, but this concept remains a subject of 
research at present and is not in clinical use.33

Near-infrared spectroscopy, a technique that measures 
blood flow to the paraspinous musculature, can also herald 
SCI and may be a useful adjunct that dictates the duration 
of CSF drainage in cases that are high risk for paraplegia.34

CONCLUSION
Although the risk of paraplegia after TEVAR for TBAD 

is lower than that associated with repair of degenerative 
aneurysms, the incidence of this devastating complication 
remains significant. Given the need for extensive aortic 
coverage in the majority of patients, ensuring flow through 
the collateral spinal circulation and judicious use of adjuncts, 
such as CSF drainage, are important in this cohort.  n
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Building a Multidisciplinary Aortic Center
Five key components to providing comprehensive care for patients with aortic dissections.

BY SUKGU HAN, MD, MS, AND FERNANDO FLEISCHMAN, MD

A
ortic dissections make up a significant portion 
of aortic emergencies that can be rapidly fatal. 
Time-dependent mortality and morbidity 
associated with aortic dissections highlight the 

importance of prompt, accurate evaluation and treatment 
for successful patient outcomes. Recent advances in 
endovascular technology have enabled a wide array of less 
invasive therapeutic options for aortic dissections. These 
rapidly evolving endovascular options may result in further 
expansion of indications for intervention. Recent approval 
of the Zenith Dissection stent system (Cook Medical) is 
an example of pathology-specific devices with potential to 
significantly impact the natural history of aortic dissections. 
Consequently, optimal care of patients with aortic 
dissections requires multidisciplinary expertise in both 
open and endovascular repairs at centers with established 
resources and infrastructure to offer rapid treatment.1-3 

To improve care for these patients, dedicated aortic 
centers have begun to emerge. The ability to offer 
complex open ascending and arch reconstructions 
for type A aortic dissections, as well as expertise 
in endovascular therapy in arch, descending, and 
thoracoabdominal aortic segments for type B aortic 
dissections, is essential for such centers to be truly 
comprehensive. At most centers, this skill set resides 
across cardiac and vascular surgery specialties. 
Furthermore, synergistic partnership of cardiac and 
vascular surgeons who are dedicated to aortic pathologies 
is only the first element of forming a successful aortic 
center. There are five additional key components that 
we have found to be helpful in building a true cross-
disciplinary aortic program at the Keck Medical Center. 
They include (1) development of dedicated aortic 
expertise, (2) establishment of a dedicated “aortic 

hotline” and rapid transport 
system, (3) raising regional 
awareness through outreach 
efforts, (4) development 
of multidisciplinary aortic 
case conferences, and 
(5) development of a 
multidisciplinary follow-up 
clinic and surveillance program. 
In addition to describing 
these five components, we 
aim to share our experience 
in overcoming common 
roadblocks to a successful, truly 
collaborative partnership.

1. DEVELOPMENT OF 
DEDICATED AORTIC 
EXPERTISE 
Implementing a “Shared 
Concentrated Experience” 
Model

Overcoming the learning 
curve to reach expertise in 
both complex open and 

Figure 1.  Growth in endovascular aortic experience in a single dedicated complex 

endovascular aortic surgeon by year, achieved through a shared concentrated experience 

model (year 2019 includes 6-month period). BEVAR, branched endovascular aneurysm 

repair*; FEVAR, fenestrated endovascular aneurysm repair; SnEVAR, snorkel endovascular 

aneurysm repair.

* These treatment options may not be available in all regions.
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endovascular aneurysm repairs (EVARs) takes time and 
experience. When our aortic center was starting in 2012, 
we were performing simple thoracic endovascular aortic 
repairs (TEVARs), limited hybrid arch reconstructions, 
and infrarenal EVARs. Particularly, endovascular branch 
incorporations were seldom performed. Recognizing 
the need to rapidly develop expertise in these areas, the 
vascular surgery division assigned a single surgeon with a 
strong focus in complex endovascular aortic procedures 
to be the dedicated specialist. All partners within 
the division funneled cases to this specialist, thereby 
concentrating our collective experience into this surgeon, 
who then became the champion for cutting-edge 
technology and advanced endovascular techniques. Every 
complex EVAR was performed with the referring surgeon 
and the dedicated specialist surgeon as cosurgeons. This 
strategy of concentrating experience to support the initial 
development of expertise led to a rapid accumulation 
of case volume along with the skill set, which was then 
shared with the rest of the group (Figure 1).

An exponential increase in case volume of type A 
aortic dissections* has allowed our open arch experience 
to grow and mature. Expertise in arch reconstruction 
involves multiple skill sets obtained through repetition. 
These cases may not be part of a typical cardiac surgery 
training experience and therefore are often beyond the 
scope of most cardiac surgeons’ expertise. The Society 

of Thoracic Surgeons reported that only 20% of centers 
perform more than five type A repairs annually.4 Better 
outcomes associated with high-volume centers have 
been demonstrated in TEVAR, with 40 or more cases 
per year resulting in superior patient outcomes.5 By 
comparison, we perform approximately 80 type A repairs 
per year, and our graduates finish their training with 
25 cases. Refinement of technical skill as well as improved 
knowledge of multiple perfusion models and a dissection-
specific critical care protocol resulted in improved patient 
outcomes. Developing expertise in treating patients with 
type A aortic dissection has expanded our willingness 
to offer open repair to more patients with challenging 
anatomy and/or a high-risk comorbidity profile. Cases 
that were once sent away to specialized centers are now 
referred to our center for repair. 

Dedicated Training
The dedicated specialist surgeon then spent 3 months of 

sabbatical at another high-volume center to further refine 
technical skills and the workflow of complex endovascular 
aortic procedures. This translated to an immediate 
improvement in technical efficiency and operating room 
workflow during complex EVAR, as evidenced by the 
increased number of target vessels, while decreasing total 
fluoroscopy time, and contrast used (Figure 2).

2. DEDICATED 
AORTIC HOTLINE AND 
RAPID TRANSPORT 
SYSTEM

We aimed to develop 
a system that could 
overcome the delay 
caused by the multitude 
of logistical steps involved 
in a typical transfer 
process of aortic dissection 
patients. A rapid transport 
system dedicated to 
aortic emergencies is our 
solution to this issue. The 
transport team consists of 
an aortic hotline operator, 
nurse practitioner, 
administrative assistants, 
and on-call vascular and 
cardiac surgeons. A call 
schedule specific to aortic 
emergencies is shared 
among vascular and 
cardiac surgeons. All calls 

Figure 2.  Impact of dedicated additional training in complex EVAR. We were able to increase the 

number of target vessels during complex EVAR, while reducing the amount of contrast and the 

fluoroscopy time.

*Cook Zenith Dissection system is not indicated for use in type A dissections.
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received by the aortic center hotline are immediately 
evaluated by the on-call cardiac or vascular surgeon. 
Following the surgeon’s acceptance for transfer, the 
administrative assistant arranges land or air transport. 
Mode of transport is primarily determined on the basis 
of the distance from the referring center to ours and also 
by acuity. While the patient is en route, the accepting 
surgeon and administrative assistant activate the 
intensive care unit team as well as the operating room 
team, which includes the on-call cardiac anesthesiologist 
and, depending on the incoming emergency, on-call 
perfusionist or radiology technologists. On arrival, all 
patients are directly admitted to the intensive care unit, 
where the patient is assessed and the need for operation 

is rapidly determined. This system is 
designed with the goal of transferring 
any patient with an acute aortic 
emergency from a sending facility to 
the Keck Hospital intensive care unit 
within a 2-hour time frame (Figure 3). 

This approach differs from a 
typical transfer process in three 
ways. First, the call bypasses the 
on-call house officer, who may be 
busy with inpatient issues or may 
be operating when these aortic 
emergency transfer requests are 
received. Having direct access to 
the on-call attending who can make 
immediate decisions facilitates 
expeditious treatment of these 
patients. Second, a dedicated aortic 
call schedule for the attending 
surgeons that is entirely separate 
from the general call schedule 
improves the attending response 
time by reducing the chance of the 
on-call attending being inundated 
with other emergencies. Third, we 
have contracted with ambulance 
and helicopter services, which 
enables immediate arrangement 
of transportation. The onus of 
arranging for transportation is 
lifted from the referring hospitals. 
Implementation of this system 
combined with outreach efforts, as 
outlined in the following section, 
have resulted in significant growth 
in the number of aortic emergency 
cases we have received (Figure 4). 

3. RAISING REGIONAL AWARENESS  
THROUGH OUTREACH
The goal of our outreach was improving awareness 
of the importance of rapid and accurate diagnosis of 
aortic dissections in the emergency department setting, 
as well as the availability of the previously mentioned 
aortic hotline and rapid transport system. As part of 
our outreach, we focused on small- to medium-size 
emergency departments, as we thought these centers 
were most in need. These centers often do not have 
readily available access to cardiac or vascular surgeons 
who routinely handle aortic emergencies. We also found 
that more centers had vascular on-call services but lacked 
cardiac on-call services. 

Figure 3.  Workflow of our aortic hotline and rapid transport system.

Figure 4.  Growth of our aortic emergency case volume by year.
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Differentiating between ascending, arch, or descending 
aortic pathologies was often difficult, resulting in 
misdiagnosis and mistreatment. Therefore, we found 
that emergency department physicians were very eager 
to incorporate our services into their algorithm. In our 
experience, center or regional politics seldom prevented 
engagement.

4. DEVELOPMENT OF MULTIDISCIPLINARY 
AORTIC CENTER CONFERENCES

Members of aortic center conferences include vascular 
surgeons, cardiac surgeons, cardiovascular radiologists, 
dedicated nurse practitioners, and aortic research fellows. 
The conferences are centered around case discussions, where 
management options and surgical plans are formulated. This 
conference has also been a useful venue for discussing new 
technology and reviewing the latest literature affecting the 
treatment algorithm of aortic pathologies. 

5. DEVELOPMENT OF A MULTIDISCIPLINARY 
FOLLOW-UP CLINIC AND SURVEILLANCE 
PROGRAM

Beyond the acute phase of aortic dissections, 
patients should be followed over their lifetime with 
serial surveillance imaging. Regardless of the treatment 
they underwent during the acute phase (medical, 
open surgical, or endovascular repair), a systematic 
surveillance program serves as an integral part of an 
aortic center to optimize the long-term outcomes. 
Growing evidence suggests that a significant portion of 
patients develop abdominal aneurysmal degeneration 
in the long term after TEVAR for aortic dissections.6 
Detection of early signs of failure or negative remodeling 
should trigger an individualized treatment plan for 
each patient to prevent catastrophic aortic events. 
A multidisciplinary follow-up clinic where patients 
can be seen by vascular and cardiac surgeons, as well 

Figure 5.  Standardized form for our aortic dissection imaging surveillance program.
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as antihypertension specialists, offers convenient, 
comprehensive care. In our experience, this patient-
centered arrangement also improves patient satisfaction 
and compliance with the surveillance program. 

Additionally, we have implemented a standardized 
aortic image surveillance program whereby the dedicated 
cardiovascular radiologists perform centerline and volume 
measurements in different aortic segments (Figure 5). 
These measurements provide a consistent tool to detect 
aortic dilatation. 

COMMON ROADBLOCKS
Challenges to forming a truly collaborative partnership 

lie more often in the physicians rather than the patients. 
Concern for not receiving due credit (financial or 
otherwise) during a joint case, disagreement regarding 
treatment plan, as well as the desire to keep the skill set 
siloed are some of the common roadblocks and are rarely 
in the patients’ interests. Sentiments such as, “This is my 
patient,” “I should get the credit,” “They don’t have the 
skill set,” “I am the real surgeon,” and “Why should I teach 
them?” are counterproductive to the optimal care of 
patients with aortic dissections. 

Overcoming these roadblocks requires recognition 
of overlapping pathologies that can be treated using 
different approaches, the value of nonoverlapping 
skill sets offered by different disciplines, and finally the 
willingness to share and learn from each other with the 
common goal of achieving the best possible patient 
outcome. At the outset of our aortic center, we formed 
an agreement that every TEVAR will be performed 
with both cardiac and vascular surgeons scrubbed. The 
primary attending in charge of the patient undergoing 
TEVAR is the primary surgeon billing for the case, while 
the counterpart bills for the adjunctive procedures such 
as branch stenting, and as an assistant for the index 
TEVAR. With this agreement and the robust growth 
of our total volume, financial concerns regarding these 
cases disappeared. Additionally, this approach more than 
doubled the TEVAR experience for our trainees in cardiac 
and vascular programs. Going through challenging cases 
and managing complications together, we saw mutual 
respect and a collaborative spirit grow and solidify. 

CONCLUSION
Aortic dissections can be challenging to manage 

because of the complex pathology that patients 
can present, as well as the wide array of treatment 
options. Management of aortic dissections continues 

to evolve with rapid technical and technological 
refinement. As such, optimal care of aortic dissection 
patients involves a multidisciplinary approach with 
expertise in medical, open surgical, and endovascular 
treatments. A successful aortic center begins with 
a synergistic partnership between multidisciplinary 
specialists dedicated to aortic care, with vascular and 
cardiac surgeons as “co-captains” of the team. With 
this foundation, the five components discussed in this 
article to ensure the success of an aortic center can be 
implemented to deliver optimal care to aortic dissection 
patients. With growth of the aortic center and collective 
experience, mutual respect will solidify and help create a 
truly collaborative partnership.  n 
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