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Abstract: The most common indication for the management of chronic type B aortic dissection (cTBAD)
is aneurysmal dilatation of the dissected segment which has been traditionally managed via open repair for
patients who were optimal surgical candidates. With the rise in popularity of endovascular therapies, thoracic
endovascular aortic repair (TEVAR) is increasingly offered to patients with ¢TBAD. Although TEVAR is
the standard of care in acute complicated type B dissections, its role, technical feasibility and outcomes in
¢TBAD remain controversial. The reasons for such controversy are largely due to the presence of a thick
dissection septum, the lack of suitable landing zones and the persistent false lumen flow preventing positive
aortic remodeling in the chronic aortic pathology. Nevertheless, there is mounting evidence supporting
that TEVAR is a safe and successful therapy in patients for whom an open approach presents significant
morbidity and mortality. The present review describes the technical considerations in catheter-based
treatment approaches and respective outcomes. We also will examine the large armamentarium of techniques

that have made TEVAR a reliable option in ¢ TBAD.
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Introduction

Aortic dissection is part of a cluster of diseases known as
aortic syndrome that also includes intramural hematoma,
symptomatic aortic penetrating ulcer, and thoracic aortic
rupture with an estimated annual incidence of 3 cases
per 100,000 (1). Improvements in medical therapies have
led to more patients with acute DeBakey type I aortic
dissection and acute type B dissection surviving and
developing chronic type B aortic dissection (cTBAD).
Generally, the accepted nomenclature for chronic
disease is dissection older than 3 months. However,
a new classification system based on data from the

© Journal of Visualized Surgery. All rights reserved.

International Registry of Acute Aortic Dissection (IRAD)
proposed chronic dissection as older than 30 days (2).
For those patients, the risk of complications including
aneurysmal degeneration of the dissected segment, rupture,
neurological signs, malperfusion, hypotension/shock,
acute renal failure, or propagation of dissection has been
reported with variable incidence and resultant need for
an intervention (3-7). Approximately 20-40% of patients
with acute uncomplicated TBAD will eventually require
surgical intervention owing to complications from ¢ TBAD.
The most common of those complications is aneurysmal
degeneration of the false lumen due to persistent inflow
of blood and pressurization (8,9). Another subset of
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patients with residual type B dissection, originally treated
for proximal DeBakey type I dissection, will undergo late
distal aortic interventions (6-15%) secondary to persistent
enlargement of the residually dissected distal aorta at
the rate of 1-7 mm/year (10-13). The strategy for acute
complicated TBAD has shifted from open surgical repair
to thoracic endovascular aortic repair (TEVAR) in the
past decade given the reduced procedural morbidity and
mortality when compared to open interventions (14,15).
However, the optimal treatment for cT'BAD with aortic
adverse events necessitating interventions remains debated.

The primary goal of treatment for TBAD whether acute
or chronic is to exclude the primary tear, discontinue blood
entry into the false lumen and thus prevent the extension
of dissection/aneurysm formation and eventually promote
false lumen thrombosis and positive aortic remodeling.
Consequently, the presence of a thickened intimal flap is a
distinct limiting factor of TEVAR for ¢TBAD leading to a
slow adoption of this technology. This is largely due to the
theoretically sparse remodeling capacity of the aortic tissue
compared to earlier stages of dissection as the intimal flap
becomes increasingly thickened and rigid and less amenable
to reverse aortic remodeling (16). Additionally, the
presence of a thickened intimal flap may cause procedural
complications including stent graft-induced new entry
(SINE), de novo distal aortic dissection, occlusion of supra-
aortic and/or visceral vessels, intimal intussusception and
retrograde aortic dissection following TEVAR. Although
complete thrombosis of the false lumen and positive
aortic remodeling appear relatively more achievable in
the early phase of the disease (17), the results of TEVAR
strategy for cI'BAD have been mixed. Despite the concerns
presented above, there are multiple published data on the
successful use of TEVAR in ¢TBAD with documented
reverse remodeling, depressurization of the false lumen, and
thrombosis. We must balance these reports against those
with treatment failures which argues for a patient selection
algorithm for those with anatomic considerations that are
best suited for endovascular therapies. Therefore, there
has been a clear unmet need to achieve more satisfactory
outcomes with TEVAR in ¢ TBAD.

Acute phase: optimal medical management
versus early TEVAR

Traditionally, optimal medical therapy (OMT) is reserved
for acute uncomplicated dissection and mainly aims to
reduce the force of left ventricular ejection which can
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contribute to the increased shear forces on an already
compromised aortic wall. The first guidelines on medical
therapies were officially published by the European
Society of Cardiology and included blood pressure control,
decreasing dp/dt, and decreasing aortic shear stress (18,19).
However, OMT alone is associated with high incidence of
late aortic complications. These trends were first reported
in the 1980s by DeBakey et 4/. and in the 1990s by Juvonen
et al. who noted a rate of aneurysmal degeneration up to
40% in their respective cohorts among those who received
OMT only (20,21). More recent data corroborate that
those patients only treated medically are at high risk
for aneurysmal degeneration and associated cumulative
mortality up to 30% at 5 years (7,16,22,23).

The effectiveness of TEVAR for uncomplicated TBAD
in the early phase has been studied. The INvestigation
of STEnt Grafts in Aortic Dissection INSTEAD) trial
demonstrated that 91% of patients with TBAD who
underwent TEVAR at a median of 82 days following acute
dissection achieved successful aortic remodeling compared
to 19.4% of medically treated patients at 2 years (24).
Subsequently, INSTEAD XL trial showed decreased all-
cause mortality in the TEVAR group compared to OMT
(11.1% TEVAR vs. 19.3% OMT, P=0.13) and significantly
lower aorta-specific mortality (6.9% TEVAR vs. 19.3%
OMT, P=0.04) at 5 years (25). However, Nakamura et a/.
reported that OMT for octogenarians with uncomplicated
TBAD had excellent outcomes (their 1-, 2-, and 5-year
freedom from aorta-related death rates were 97, 97, and
97%, respectively) (26). Based on these findings, it can be
concluded that optimal treatment for uncomplicated TBAD
should be individualized based on the anatomic suitability
for TEVAR and patient medical risk profile. Furthermore,
among those treated medically, physicians must maintain
a low threshold for intervention in specific circumstances.
Schwartz et al. established predictors of late aortic
intervention that included entry tear >10 mm [odds ratio
(OR), 2.1; 95% confidence interval (CI), 1.5-3.8; P=0.03],
total aortic diameter >40 mm at presentation (OR, 2.2; 95%
CI, 1.8-4.3; P=0.02), false lumen diameter >20 mm (OR,
1.8; 95% CI, 1.3-4.7; P=0.03), and increase in total aortic
diameter >5 mm between serial imaging studies (OR, 2.3;
95% CI, 1.3-3.5; P=0.02) 27).

TEVAR versus open surgical repair for

aneurysmal degeneration

Open repair for cTBAD associated with aneurysmal
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degeneration has been performed as the standard therapy.
In chronic dissection, aortic aneurysmal degeneration with
a diameter larger than 5.5 cm or a rapid expansion of the
aortic diameter exceeding 0.5 cm in 6 months or saccular
aneurysm protruding >2 cm beyond the aortic wall or
increased diameter of the false lumen with a collapsed true
lumen or symptoms caused by the aortic pathology are
indications for surgical treatment (8,28). However, open
repair may be associated with relatively high mortality and
devastating morbidity including spinal cord injury (SCI).
The recent development of endovascular treatment is
fueling a debate over the optimal treatment in this setting
(29). Boufi et al. conducted a meta-analysis comparing
outcomes of TEVAR and open repair for TBAD. They
demonstrated lower early mortality, stroke and SCI for
TEVAR, but higher reintervention rate and similar midterm
survival (30).

Another meta-analysis assessed the early- and mid-
term outcomes of TEVAR, which reported 7.0% overall
in-hospital mortality, 4.2% stroke, 3.3% SCI, 8.9% mid-
term mortality, and 12.5% secondary intervention rate
(31). In response, Tanaka er al. reported the outcome of
427 patients with anatomy amenable to TEVAR who
underwent open repair (32). Thirty-day mortality was
8.4%, and the rate of stroke and SCI was 4.0% and 5.2%,
respectively. They also described previous descending/
thoracoabdominal aortic repair and chronic obstructive
pulmonary disease (COPD) as associated with 30-day
mortality. Patients without all 3 risk factors had a 30-day
mortality rate of 2.6%. Therefore, they concluded open
repair is still a good approach for low-risk patients with
c¢TBAD in experienced centers. Further investigation
comparing long-term outcomes of TEVAR and open
approach is required to determine the optimal treatment
for cI'BAD with aneurysmal degeneration.

Complications related to TEVAR

TEVAR is related to several detrimental complications
including SCI and stroke (30,31). Additionally, SINE and
retrograde aortic dissection are especially problematic,
although both may occur regardless of the chronicity of the
aortic dissection. Huang er 4/. conducted an observational
cohort study including 65 patients with ¢TBAD who
underwent TEVAR (33). They reported 18 patients (27.7%)
developed SINE, which was related to worse aortic remodeling
compared to patients without SINE. A meta-analysis including
17 studies and 3962 patients who underwent TEVAR for
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TBAD was conducted to assess the risk factors for distal SINE.
They reported distal SINE occurred in 10.1% and both the
chronicity of TBAD and excess distal oversizing ratio were
independent risk factors (34).

Retrograde type A dissection is another complication
of TEVAR with a mortality rate of 37.1%, although its
incidence is relatively low (2.5-3.9%) (31,35). Proximal
landing zone diameter >40 mm has been associated with
increased risk (18% vs. 2%, P=0.02) (36).

Because risk factors for complications or mortality
following TEVAR have been well documented, a validated
scoring system called Assessment of Thoracic Endografting
Operative Mortality (ATOM) was developed by Kilic ez al.
to provide preoperative mortality risk stratification (37).
The ATOM scoring system is a 30-point risk score that
incorporates 10 risk factors including: age >70 years (2
points); body mass index <30 kg/m” (3 points); COPD
(2 points); functional assistance (0-4 points); blood urea
nitrogen >25 mg/dL (3 points); white blood cell count
>12,000 cells/pL. (2 points); emergency operation (3 points);
left subclavian artery coverage (2 points); thoracoabdominal
extension (2 points); mesenteric debranching (7 points). In
their validation model, the ATOM scoring system predicted
mortality for low (ATOM <5), moderate (ATOM 5 to 9),
and high risk (ATOM >10) patients to be 1.3%, 6.6% and
24% (P<0.001), respectively (37).

Aortic remodeling

Chronic TBAD resulted in poor aortic remodeling after
TEVAR compared to acute TBAD. Conway ez al. assessed
the effectiveness of TEVAR for chronic TBAD using the
Vascular Quality Initiative database (38). They included 125
patients and reported median change in sac diameter was
-0.2 cm, sac shrinkage of >0.5 cm was noted in 12 patients
(27.9%), and sac growth >0.5 cm was observed in four (9.3%)
patients. Sultan ez a/. reviewed 48 patients who underwent
TEVAR and reported that increasing number of visceral
vessels off the false lumen, maximum preoperative aortic
size and location of the primary tear on the greater curve
were associated with poorer remodeling (39).

Proposed techniques in TEVAR for cTBAD
Candy-plug

In ¢TBAD, coverage of the proximal entry alone with
TEVAR achieves complete false lumen thrombosis in
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only about 40% owing to a fibrotic dissection flap (40).
Additionally, false lumen perfusion via retrograde flow
arising from distal entry tears or branches off of the false
lumen is not effectively protected by endografts. For those
reasons, several techniques have been reported to facilitate
false lumen thrombosis and aortic remodeling. The candy-
plug technique was first described in 2013 by Kolbel et 4.
(41). This is a custom-made endograft in the shape of a
candy with distal diameters up to 50 mm and tapered in the
middle down to 16 mm. The plug is deployed into the false
lumen to prevent backflow. The drawback of this technique
is that this is not an off-the-shelf device and requires time
to be custom-made.

Coil embolization

This adjunct to TEVAR exclusively targets the false lumen
to induce thrombosis and aortic remodeling in ¢TBAD.
The false lumen is cannulated through distal re-entry tears
to deliver coils or Amplatzer vascular plugs in case of large
false lumen. This approach is often utilized as a bailout after
treatment failure of TEVAR or other adjunctive therapies.
Pellenc et al. retrospectively analyzed data on 27 patients
who underwent TEVAR for ¢TBAD with persistent false
lumen perfusion or residual chronic type A dissection
with coil embolization done as an adjunct during the
index intervention or afterwards. They achieved complete
false lumen thrombosis in 22 patients (81.5%) (42). Five
patients (18.5%) required repeated embolization and one
case of SCI was reported. Patients were followed for 20+10
months with computed tomography (CT) angiography and
maximum thoracic aortic diameter significantly decreased
from 63 mm to 54+10 mm (P<0.001) (42). Longer follow-
up is necessary to confirm these successes and encourage
the adoption of coil embolization as adjunct to TEVAR
or as rescue therapy. Additionally, the cost related to this
therapy is not negligible.

Stent-assisted balloon-induced intimal disruption and
relamination (STABILISE) concept

Standard endovascular therapies for acute TBAD have
focused on coverage of the proximal tear but studies
had shown that there is incomplete remodeling of the
distal dissected aorta. A meta-analysis of more than 600
patients with TBAD treated with endovascular stent-
grafts placement showed that it failed to abolish the false
lumen in about 25% of patients with persistent dilatation
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of the distal aorta (43). The Stage Total Aortic and Branch
Vessel Endovascular (STABLE) reconstruction technique
addressed this blind spot in TEVAR by combining proximal
endografting with distal bare-metal stenting (44). Midterms
data on the STABLE technique showed improved aortic
remodeling and no evidence of false lumen perfusion in
23% of patients who were followed for a mean duration
of 32 months (45). Moreover, when compared to stent-
grafts only, those who received the STABLE repair had
fewer rates of late distal aortic re-intervention (0% vs. 19%,
P=0.01) (46). It should be noted that this cohort included
both type A and type B dissections.

Despite improved remodeling with the STABLE repair,
76% of patients still had some degree of false lumen
perfusion which has led to a paradigm shift to breaking
the dissection flap to create a common channel. The
Stent-Assisted Balloon-Induced Intimal Disruption and
Relamination in Aortic Dissection Repair (STABILISE)
technique utilizes the stent-graft plus distal dissection stent
seen in the STABLE repair with the addition of a balloon to
disrupt the distal intimal flap and rebuild a common channel
with the dissection stent (47). This technique was first
described in 2014 and given its fairly recent introduction,
limited long-term data on large population is available.
Short-term data however have provided satisfactory results
over its ability to completely exclude the false lumen
without risking the integrity of the aorta with intimal flap
rupture. In a small cohort of 10 patients with acute TBAD
followed over a mean period of 7.2 months with CT
angiogram, the false lumen had been completely excluded
in all but one case where it was perfused from intercostal
arteries (48). In these cohorts of exclusively acute TBAD
cases, no rupture was noted but ballooning the aorta,
particularly the distal aorta segment close to the uncovered
portion, presents a serious risk of rupture. However, this
concept has been adapted to chronic aorta pathology
and stent graft-assisted dissection flap fracture with aorta
balloon to create distal landing zones has been performed at
experienced aorta centers including ours.

Cheese wire fenestration

In ¢TBAD, the presence of thickened intimal flap restricts
the full expansion of the stent-graft in TEVAR resulting in
persistent false lumen flow. With cheese wire fenestration,
using a seesawing motion with a guidewire through an
aortic septal fenestration (which may be pre-existing or
intentionally created), an aortic septotomy is extended to
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Figure 1 Basic steps for the cheese wire technique to create a distal uniluminal landing zone. (A) A 62-year-old female with residual type

B dissection with degenerative descending aortic aneurysm. BRK-1 transseptal needle puncture followed by guidewire insertion from the

true to the false lumen using 25 mm loop snare. (B) The established guidewire loop from the true and false lumen drawn together from

the same femoral sheath. Other than the contacting portion to the aortic septum, the remainder of the guidewire was protected by 6-Fr

catheter on both true and false lumen sides. The pre-existing dissection flap was extended caudally by the retraction of the guidewire and the

fenestration was extended distally in order to facilitate a common lumen and distal landing zone creation. (C) Balloon aortoplasty following

aortic device insertion. (D) Completion aortography with no evidence of endoleak. Red double arrow represents newly created common

aortic lumen.

recreate a common aortic channel (Figure I). Restoring
a uniluminal aorta is also paramount when visceral aortic
branches are perfused from the false lumen. This approach
mandates balloon aortoplasty after the aortic device
placement in order to fully expand the endograft (Figure 1C).
In a case series, Iwakoshi ez 4/. described the technique
by creating a fenestration into the flap using a curved
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transjugular intrahepatic portosystemic shunt (TIPS)
cannula and a snare over guidewire to pull the catheter
initially inserted in the FL. This set-up established a
through-and-through access from each femoral artery
across the intimal flap. The authors argue that this
technique of septotomy is safer with decreased risk of
rupture in chronic cases compared to balloon angioplasty
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rupture of the dissection septum (49). In our approach, we
typically use a BRK-1 (Abbott, St. Paul, M) transseptal
needle for the purpose of septal creation. Data available
on the effectiveness of cheese wire fenestration is limited
to case series with two to three patients including cases
of chronic abdominal dissections (50-52). No large
population data is currently available to offer comparisons
to stand-alone TEVAR because of the novelty of this
technique. For the same reason, follow-up data is reported
up to 1 year only.

PREOPERATIVECTA -
60 MM DISTAL ARCH/PROXIMAL"DESCENDING

ANEURYSM

Video 1 Basic steps for the laser-assisted aortic dissection

septotomy.

"

Laser catheter (2.0 mm)

Journal of Visualized Surgery, 2021

Laser-assisted aortic dissection septotomy
(Video 1)

Despite various options available for the purpose of
creating a common aortic lumen and distal landing zones,
each technique has specific drawbacks and is not suitable
for all cTBAD pathologies. We recently introduced the
laser technology into this field (53). The laser-assisted
longitudinal fenestration of the dissection flap involves
longitudinally created 2.0-2.5 mm laser fenestrations on
the dissection flap, which are immediately balloon-dilated
using 16-22 mm balloons (ATLAS PTA Dilatation catheter;
Bard Vascular Inc., Tempe, AZ). The positioning of the
laser catheter (TurboElite OTW (Spectranetics, Colorado
Springs, CO) is well-visualized by intravascular ultrasound
(IVUS) under fluoroscopic guidance. The laser catheter
is perpendicularly positioned using a 6.5 Fr TourGuide
steerable sheath (Medtronic, Santa Rosa, CA) (Figure 2A).
This technique is applicable to a wide range of cTBAD
pathologies, regardless of the thickness, chronicity, or
location in the aorta, except for severely tortuous aorta
where IVUS visualization with the laser catheter positioning
is very challenging. Importantly, the size of fenestration
created by laser with immediate balloon dilatation is much
larger than the labeled balloon size, as the small true
lumen in the setting of cT'BAD makes the 4 cm length

Figure 2 Basic steps for the laser-assisted aortic dissection septotomy. (A) Steerable sheath and laser catheter (red arrow) positioned

perpendicularly to the septum under intravascular ultrasound and fluoroscopic guidance. (B) Laser fenestration was accessed with an 0.018”

guidewire and balloon dilated. Similar steps were repeated longitudinally to create 6-10 cm aortic septotomy.
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7 Vis Surg 2021;7:40 | http://dx.doi.org/10.21037/jovs-20-72



Journal of Visualized Surgery, 2021

Figure 3 Computed tomography-based aorta sizing using the
Vitrea workstation. (A) Example of centerline aorta sizing. (B)
Measurement of total lumen aorta diameter rather than true lumen
diameter. Mean of the long- and short-axis diameter is used for

elliptical shape aorta sizing.

balloon obliquely positioned (Figure 2B). As a result, 2-3
fenestrations create fairly long longitudinal fenestrations
totaling 5-8 cm in length. Once 2-3 balloon-dilated
longitudinal laser fenestrations are created, the dissection
flap easily splits at 6-10 cm distance and the endograft
typically spontaneously expands to its entire aorta diameter
even without aortic ballooning. This laser fenestration is a
more controlled form of aortic dissection flap septotomy
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maneuver than other techniques in this procedure category,
allowing for accurate creation of a robust common aortic
lumen at the intended location. This unique technique is
particularly important in cases where the intimal flap is in
close proximity to important branch vessels such as head,
visceral, and renal arteries.

Our TEVAR approach for cTBAD at the University of
Michigan

Our TEVAR approach for ¢cTBAD does not remarkably
differ from generally accepted practice. The number
of patients with ¢TBAD undergoing TEVAR has been
increasing in our aortic program and many of them are
survivors following acute type A aortic dissection and
proximal aortic repair. We have been using all commercially
available endografts for this chronic aorta pathology. In
addition to the CT-based aorta sizing, IVUS is always
utilized and the intended proximal and distal landing
zone IVUS measurements during systole are confirmed
intraoperatively and correlated with the CT measurements.
In terms of aorta sizing, precise centerline aorta sizing is
mandatory (Figure 3). We routinely use Vitrea workstation
(Vital Images, Minnetonka, MN). If common aorta lumen
creation as the landing zone is planned, the total aorta
diameter should be sized. The mean diameter of short
and long axis is used when the aorta is of elliptical shape
(Figure 3B). cI'BAD is relatively more forgiving than acute
TBAD regarding oversizing. However, the sizing should be
individualized based on each aorta pathology and excessive
oversizing should be avoided in order to avoid SINE or
retrograde aortic dissection. As for creation of a robust
distal landing zone in the presence of a thick dissection flap,
we flexibly select and utilize the aforementioned technique
to prepare for the device deployment.

Selective devascularization concept

We have previously established the relationship between
covering the proximal entry tear and false lumen
thrombosis but a novel concept has linked aortic branch
vessels to false lumen thrombosis and aortic remodeling.
Qin et 4l. identified risk factors for incomplete thrombosis
of the false lumen including maximum diameter of the
false lumen at the level of the abdominal aorta (OR 1.26,
P<0.001), re-entry tears (OR 30.6, P<0.001), and the
presence of branches that arose partially or totally from
the false lumen (OR 10.05, P<0.001) (54). These findings
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were corroborated by Dohle ez 4/. in a cohort of 94 patients
with acute DeBakey type 1 aortic dissection treated using
frozen elephant trunk and followed with serial CT scan for
at least 1 year. They showed that false lumen thrombosis
negatively correlated with the presence of aortic branches
arising from the false lumen and the presence of these
branches was a predictor of negative remodeling (55). The
presence of such branches thus represents a risk factor in
treatment failure after TEVAR both in acute and chronic
TBAD. Identification of the culprit false lumen branch(es)
can be accomplished via 4D magnetic resonance imaging.
Selective devascularization of these branches, possibly by
means of stent from the aortic true lumen into the target
vessels (for vital branches) or coil/vascular plug occlusion
(for intercostal/lumbar branches) can theoretically limit
the back flow into the false lumen and maximize positive
aortic remodeling. This concept remains a topic for future
investigation.

Conclusions

TBAD is a complex disease that leads to the development
of aortic complications such as aneurysmal degeneration
without surgical intervention. Early intervention with
TEVAR is effective to achieve better aortic remodeling
and may decrease overall mortality. The optimal treatment
for cTBAD with aneurysmal degeneration is still under
investigation. Open repair remains the standard strategy
with acceptable morbidity particularly at an experienced
center for select patients with minimal medical risk
profile. TEVAR is related to better early perioperative
outcomes compared to open repair but is associated to
higher reintervention rates. Newly developed techniques
in TEVAR to achieve complete false lumen thrombosis
and better aortic remodeling have been emerging,
demonstrating promising outcomes. Selecting a suitable
technique or combination of techniques should be
individualized based on the anatomy of the aortic pathology.
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