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KEY POINTS

e A major concern in the chronic phase of aortic dissection is aneurysmal degeneration, which can
occur up to 28% of patients in 12 months.

e Although useful in the acute setting, thoracic endovascular aortic repair may not prevent distal thor-
acoabdominal aortic aneurysmal degeneration.

e There are emerging data on safety and effectiveness of fenestrated branched endovascular aortic
repair.

39.5% being TBAD.* Mortality of aortic dissection
CLASSIFICATION has been shown to be around 30%.°

Treatment of acute aortic dissections are dis-
cussed elsewhere in this issue. Open surgical,
endovascular, or medical treatments of acute
aortic dissections often leave the rest of the aortic
dissections including the arch and thoracoabdo-
minal segments unrepaired. This often leads to
continued pressurization of the false lumen, and
eventual aneurysmal degeneration in the long-
term follow-up. This article will focus on current
treatment options for chronic aortic dissections
associated with aneurysmal degeneration.

In 1965, Debakey created the first classification
system for aortic dissections. The Debakey classi-
fications divided dissections into types | through llI
based on location of the entry tear and extent of
aortic involvement.® Type | aortic dissections
described the presence of an entry tear in the
ascending aorta with progression of the dissection
from the aortic arch onward. Similarly, type Il
aortic dissections possessed entry tears in the
ascending aorta, but extension of the dissection

Acute aortic dissection is the most common aortic
emergency, with a mortality rate of up to 30%.
Incidence of this dangerous disease ranges from
2 to 5 cases per 100,000 population per year
and is influenced by several factors including
anatomic factors such as location of entry
tear."? Stanford classification of aortic dissec-
tions separates dissections based on location of
entry tear into 2 main categories. Type A consists
of entry tears in the ascending aorta, while type B
consists of entry tears in the descending. Accord-
ing to one study on the International Registry of
Acute Aortic Dissection (IRAD), type A aortic
dissection (TAAD) made up 67% of the patient
population, while type B aortic dissection (TBAD)
made up the remaining 33%.° Similarly, a nation-
wide population-based register study conducted
in Denmark demonstrated similar rates of the 2
dissection types, with 60.5% of aortic dissection
patients possessing TAAD, with the remaining
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Abbreviations

cT computed tomography
CMD company-manufactured device
CTD connective tissue disorder

FBEVAR fenestrated branched endovascular
aortic repair

FDA US Food and Drug Administration

IMH aortic intramural hematoma

INSTEAD Investigation of Stent Grafts in
Aortic Dissection

IVUS intravenous ultrasound

IRAD International Registry of Acute
Aortic Dissection

LDS Loeys-Dietz syndrome

MAE major adverse event

MFS Marfan syndrome

PMEG physician-modified endograft

PS-IDE physician-sponsored investigational
device exemption

STS Society of Thoracic Surgeons

SVS Society for Vascular Surgery

TAAD type A aortic dissection

TAMBE Thoracoabdominal Branch
Endoprosthesis

TBAD type B aortic dissection

TEVAR  thoracic endovascular aortic repair

TGF tumor growth factor

vaQl Vascular Quality Initiative

was contained within the ascending aorta. Finally,
type lll dissections involved entry tears in the
descending aorta. The Debakey -classification
was later simplified and popularized to the Stanford
AB classification in 1970. The Stanford classifica-
tion for aortic dissections also divided dissections
based on location of entry tear; however, the extent
of dissection was not included in this classification
system. The Stanford type A dissection describes
all dissections with entry tears in the ascending
aorta and encompasses both Debakey type | and
Il. The Stanford type B dissection replaces Deba-
key type Il dissections and describes those with
entry tears in the descending aorta (Fig. 1).
Although the Stanford classification largely remains
clinically relevant for most aortic dissection cases,
there remain certain aortic dissections not
adequately described by previous classification
systems. For example, dissections with distal entry
tears and retrograde extension, dissections with
entry tears focal to the transverse arch, and dissec-
tions extending into the great vessels are neglected
based on the previously described systems.

In 2019, the Society for Vascular Surgery (SVS)
and the Society of Thoracic Surgeons (STS) collab-
orated to create a more comprehensive classifica-
tion system to address some of the shortcomings
of the previous classifications.®> Based on this
new system, type A dissections involved all those

with entry tears in zone 0. A subscript denotes the
distal extent of the dissection. For example, type
A, would denote a dissection with entry tear in
zone 0 with extension of the dissection to zone 4
of the aorta. A recent query of IRAD demonstrated
that retrograde arch extensions did not appear to
have impact on management strategy or early, or
late death and suggested that retrograde arch
extension may be analogous to TBAD.” Therefore,
all dissections with entry tears from zone 1 and on-
ward regardless of retrograde extension were
defined as type B dissections. Two subscripts are
used to denote the proximal and distal extension
of the dissection. For example, type By 4 would
denote a dissection with retrograde extension into
the ascending aorta and extending to zone 4
(Fig. 2).% Of note, this classification system does
not describe the exact location of the entry tear in
type B dissections. The purpose of this new
classification system was not to replace the tradi-
tional Stanford classification in a clinical setting,
but rather allow for more precise description of
aortic dissections for the purpose of research
description.

In addition to anatomic classification, dissec-
tions can be classified based on timing of initial
presenting symptoms. The relationship between
timing of onset and clinical outcomes was
described in an IRAD study as the 14-day period
after onset that exhibited the highest rates of
morbidity and mortality rates, which typically sta-
bilize after this period.® Other studies have also
demonstrated the influence of chronicity on
morbidity and mortality and visible changes in
flap morphology on computed tomography (CT)
depending on acuity of aortic dissection.®'° Cur-
rent temporal classifications include: hyperacute
as less than 24 hours, acute as 1 to 14 days, sub-
acute as 15 to0 90 days, and chronic as greater than
90 days.

RISK FACTORS

Several risk factors for acute aortic dissection have
been identified including hypertension, illicit drug
use, trauma, genetic syndromes, and congenital
anomalies. These factors can influence decision
making and affect short- and long-term morbidity
and mortality.

Hypertension is defined by the 2017 Guideline
for Prevention, Detection, Evaluation and Manage-
ment of High Blood Pressure in Adults as stage 1 if
systolic pressure ranges from 130 to 39 mm Hg or
if diastolic pressure ranges from 80 to 89 mm Hg.
Stage 2 is defined as a systolic pressure greater
than or equal to 140 mm Hg or a diastolic pressure
greater than or equal to 90 mm Hg."" Hypertension
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Fig. 1. Debakey and Stanford classification for aortic dissection. (Joseph V. Lombardi et al., Society for Vascular
Surgery (SVS) and Society of Thoracic Surgeons (STS) Reporting Standards for Type B Aortic Dissections, The
Annals of Thoracic Surgery, 109 (3), 2020, 959-981, https://doi.org/10.1016/j.athoracsur.2019.10.005.)

was present in 80.9% of patients who presented
with acute TBAD in the IRAD database.'? Other re-
ports from tertiary care centers demonstrated
similar rates of around 71% of patients with acute
dissection having a history of hypertension.'®
One contemporary report stated that 62% of pa-
tients were taking antihypertensive medications

at presentation; however, medication history may
underestimate the prevalence of hypertension in
the aortic dissection population.” Given that
TBAD is often a disease of the socioeconomically
disadvantaged, lower rates of medication adher-
ence may inaccurately portray a lower association
between hypertension and aortic dissection.
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Fig. 2. SVS/STS anatomic reporting of aortic dissections. (Joseph V. Lombardi et al., Society for Vascular Surgery
(SVS) and Society of Thoracic Surgeons (STS) Reporting Standards for Type B Aortic Dissections, The Annals of
Thoracic Surgery, 109 (3), 2020, 959-981, https://doi.org/10.1016/j.athoracsur.2019.10.005.)
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Use of illicit drugs including cocaine, amphet-
amine, methamphetamine, and MDMA/ecstasy
has been reported in dissection patients. Of these
drugs, cocaine is the most well-documented and
has been implicated in 1.8% of patients with acute
aortic dissection.'®

Trauma has also been associated with aortic
dissections. On rare occasions, blunt traumatic
aortic injury may result in dissection. Blunt aortic
dissection can be classified by presence of intimal
tear, aortic intramural hematoma (IMH), pseudoa-
neurysm or free rupture.'®'” Furthermore, iatro-
genic aortic dissection can occur secondary to
open or endovascular procedures. According to
IRAD data, 2.3% of aortic dissections were attrib-
uted to procedures including cardiac surgery,
TEVAR, transcatheter aortic valve replacement,
and/or cardiac catheterization.'®'® However, iat-
rogenic aortic dissections remain rare, and docu-
mentation is limited to case reports or small case
series. 972"

Various genes and syndromic conditions have
been associated with the development of thoracic
aortic aneurysm and dissection. Of the various syn-
dromes, the most well-known connective tissue
disorders (CTDs) include Marfan syndrome
(MFS), Loeys-Dietz (LDS), and Ehlers-Danlos
(Table 1). MFS can be defined by the revised Ghent
Nosology criteria, which factor in aortic root dilata-
tion, genetic findings, phenotypic characteristics,
and family history.?? Of note, the presence of the
FBN1 gene mutation alone without clinical features
is not enough to establish the diagnosis of MFS.
The presence of CTDs has been shown to impact
the outcomes of aortic dissection. For example,
in-hospital mortality of patients with MFS and
acute TBAD is lower compared with that of patients
without CTD. Additionally, MFS patients have bet-
ter outcomes with open surgery despite having
higher reintervention rates.?®> LDS was originally

described as heterozygous mutations in the type
1 or type 2 subunit of transforming growth factor
(TGF) B receptors. Patients with LDS present with
a triad of hypertelorism, bifid uvula or cleft palate,
and arterial tortuosity with ascending aortic
aneurysm or dissection.?* Data on patients with
LDS suggest significant heterogeneity with regards
to the severity of disease, although LDS type 2
(TGFBR2 mutation) has been associated with
greater severity with earlier aortic intervention
required compared with type 1.2° Of note, an
expanded definition of LDS has been proposed,
which defines the subtypes as follows: type 1,
TGFBR1 mutation; type 2, TGFBR2 mutation;
type 3, SMAD3 mutation; and type 4, TGFB2
mutation.

Vascular Ehlers-Danlos syndrome is secondary
to a mutation in the collagen type Il encoding
gene COL13A1.%° Given the involvement of both
medium- and large-sized vessels in Vascular
Ehlers-Danlos, outcomes for this population are
poor given severe vessel fragility that impairs the
safety of open and endovascular repairs.?42”

Furthermore, certain congenital anomalies have
also been associated with an increased risk for
aortic dissection. Patients with a bicuspid aortic
valve have demonstrated a higher prevalence of
thoracic aortic aneurysm and dissections sug-
gesting a potential genetic basis relating these
findings.?® Additionally, coarctation of the aorta
is associated with aortic medial degeneration
and dilation or aneurysm of the aortic root and
ascending aorta. Around 2% of patients with
aortic dissection were found to have coarcta-
tions.2° In 1936, radiologist Burckhard Kommerell
described an aneurysmal dilation of the proximal
segment of an aberrant subclavian artery.®°
Multiple case reports and series report the pres-
ence of dissections occurring at the site of a
Kommerell.31-3%

Table 1

Connective tissue disorders involved in aortic dissection/aneurysm

dissection, cardiac disease,
abnormal upper segment
to lower segment ratio and
arm span/height, pectus
deformity, ectopia lentis

manifestations

Marfans Loeys-Dietz Vascular Ehlers-Danlos
Gene FBN1 TGFBR1, TGBR2, COL13A1
SMAD3, TGFB2
Protein Fibrillin-1 Transforming growth Type Il collagen
factor B receptor
Clinical Aortic dilatation, aortic Aortic aneurysms, Arterial aneurysm and

tortuous arteries,
hypertelorism,
bifid/split uvula
or cleft palate

dissections, organ

or muscle rupture,

skin atrophy/translucent
skin gingival recession
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PRESENTATION

Although the presentation of aortic dissections
may vary, the classic description involves abrupt
onset of back, chest, or abdominal pain often
described as tearing in nature. Depending on the
location of the dissection, additional systems
may also develop. Given the proximity to the heart,
Type A aortic dissections and retrograde type B
dissections may present with cardiac tamponade
or aortic valve complications. Involvement of the
arch vessels may cause syncope or neurologic
symptoms. Disruption of visceral or peripheral
vessels may present with renal failure or limb
ischemia. Thus, aortic dissections can present in
a multitude of ways depending on the location
and extent of involvement.

In uncomplicated dissections, in the absence
of ruptures or malperfusion, medical management
is often the initial treatment of choice. Patients
with uncomplicated dissections may ultimately
need surgical intervention, but the progression of
complicated dissections requires emergent opera-
tion. Despite the difference in severity between
complicated and uncomplicated dissections,
certain high-risk features have been identified and
have been shown to be at increased risk for aortic
events or late aneurysmal degeneration and thus
failure of medical management alone. These high-
risk features can be determined by radiographic
signs, one being the presence of entry tear on the
lesser curvature. Entry tears on the lesser curvature
have been shown to have increased risk of retro-
grade extension.>®3” Furthermore, large entry
tears are at increased risk of causing false lumen
degeneration.®® Additionally, certain areas of the
aorta are more prone to late aneurysmal degenera-
tion. The upper descending thoracic aorta is a ma-
jor site for late (>2 years) aneurysmal dilatation,
while a false lumen diameter greater than 22 mm
has been shown to have higher rates of aneurysm
and death, suggesting the need for earlier interven-
tion in patients with these dissection characteris-
tics.®® Given the existence of high-risk features
that correlate with patient outcomes, the SVS and
STS suggest classifying an aortic dissection as
high risk if the maximum transaortic diameter
greater than 40 mm on presentation, primary entry
tear along the lesser curve, primary entry tear
greater than 10 mm, and/or false lumen diameter
greater than 22 mm.®

The biggest concern in the chronic phase of a
dissection is aneurysmal degeneration secondary
to persistent false lumen perfusion. Although
TEVAR can depressurize and promote false lumen
thrombosis in most acute aortic dissections,
chronic dissections have limited capacity for
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remodeling secondary to a fibrotic and degener-
ated intimal flap.“°~** The persistent pressurization
of the false lumen by intercostal and bronchial ar-
teries leads to aortic expansion and can eventually
cause death.**" False lumen patency in addition
to aortic diameter have been reported as predictors
of outcomes in TBAD.*®*°° The IRAD database
showed that the 12-month risk of aneurysmal
degeneration was 28% at 1 year and increased to
72% at 5 years.®! Several techniques have been
developed to prevent this degenerative progres-
sion and involve occlusion of the false lumen to pro-
mote false lumen thrombosis and favorable aortic
remodeling.

THE ROLE OF EARLY THORACIC
ENDOVASCULAR AORTIC REPAIR

Timing of TEVAR is controversial, and difficulty
with establishing optimal timing stems from
balancing the risk of retrograde type A dissection
and procedural complications with the benefit of
long-term prevention of aortic degeneration and
complications. Moreover, the benefits of inter-
vening on chronic dissection may be limited sec-
ondary to suboptimal aortic remodeling. One
study based on the Vascular Quality Initiative
(VQI) reported no prediction in mortality or postop-
erative complications between TEVAR within
14 days versus 15 to 90 days. However, a strong
association between repair within 14 days and
risk for reintervention was noted, but this could
be secondary to a higher level of complexity in
the acutely managed patients.>?

After anti-impulse control is established, further
management is determined by classification of
dissection. The definitive treatment for TAAD is
open repair, as these dissections have higher risk
of complications including tamponade, rupture,
myocardial infarction, and stroke. Historically, the
management of TBAD was more conservative,
with endovascular repair being reserved for compli-
cated dissections. Several prospective multicenter
trials investigating endovascular repair for compli-
cated TBAD demonstrated favorable clinical and
anatomic outcomes at 30-day, 1-year, and 2-year
follow-up.®®5* Additionally, with emerging data on
long-term outcomes, TEVAR has demonstrated
more favorable perioperative outcomes compared
with open repair in complicated dissections.>®

Currently, use of TEVAR for TBAD continues to
expand as additional research promotes the safety
and efficacy of this procedure. Beyond compli-
cated TBAD, TEVAR has been shown to benefit
uncomplicated TBAD with high-risk features. This
indication stems from the observation that patients
often fail medical management over time, and
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TEVAR is associated with lower long-term mortal-
ity when compared with medical management
alone.®'%® The INSTEAD trial (Investigation of
Stent Grafts in Aortic Dissection) demonstrated
comparable 2-year survival and adverse event
rates between optimal medical therapy and
TEVAR for uncomplicated dissections. On follow-
up, TEVAR showed decreased mortality and dis-
ease progression beyond 2 years and up to 5 years
(INSTEAD-XL).°” Similarly, the ADSORB trial noted
progression and aneurysmal degeneration in
almost half of the patients by 1 year, with many
requiring intervention because of false lumen
degeneration, at which point aortic involvement
extended beyond original size and often required
more complex repair compared with initial
presentation.’® TEVAR may demonstrate better
long-term outcomes compared with medical man-
agement alone given the favorable aortic remodel-
ing. One study demonstrated that TEVAR caused
true-lumen recovery and false-lumen thrombosis
in more than 90% of patients.>°

Moreover, indications for TEVAR in the setting of
aortic dissection may continue to expand despite
already progressing beyond complicated dissec-
tion to now include uncomplicated dissections
with high-risk features. Patients without high-risk
features may also benefit from TEVAR by prevent-
ing future degeneration and the need for aortic
intervention. The importance of achieving false
lumen thrombosis and favorable aortic remodeling
is emphasized by Tsai and colleagues, who
demonstrated partial thrombosis of the false
lumen during index hospitalization, which was
associated with delayed postdischarge mortality
compared to those with no thrombosis of false
lumen.5°

The traditional requirement for proximal landing
zone for aneurysm is 2 cm of healthy, disease-free
aortic walls. In dissections, it is also important to
maximize landing with healthy aortic territory.
One review of 71 patients found that in order to
achieve this 2 cm landing zone, 43.7% (31) of pa-
tients would require coverage of all 3 arch branch
vessels. In additions all patients (3) who later
developed retrograde type A would had seal zones
in IMH. None occurred in healthy aorta seal
zones.®? Regarding distal landing zones, a subop-
timal stent graft can lead to stent-induced new en-
try tears, which have substantial risk for mortality
and reintervention.®"-6? However, increased aortic
coverage has been associated with increased risk
for spinal cord ischemia.®® Spinal drains and intra-
operative and postoperative blood pressure man-
agement can mitigate but not necessarily eliminate
this risk. New data suggest that more extensive
coverage through the celiac artery may not be

associated with increased rates of perioperative
mortality or spinal cord ischemia while also
improving aortic remodeling.®*° Overall, clinician
judgment, case-specific presentation, anatomy,
and acuity should all be considered when planning
optimal device landing zones.

Branch arteries are important to consider when
repair may require covering these areas. The sub-
clavian artery provides circulation to the spinal
cord and posterior cerebral circulation. Some
studies suggest covering the subclavian artery
can cause increased risk of stroke and spinal
cord ischemia, with improved rates of these com-
plications with revascularization.®®6” Conversely,
other studies show no significant difference in peri-
operative®® morbidity. Some physicians routinely
revascularize the left subclavian if needed for
adequate seal, while others are more selective
with adjunct subclavian revascularization. Open
technique for subclavian artery revascularization
includes carotid-subclavian bypass or transposi-
tion. Total endovascular left subclavian incorpora-
tion can be achieved by use of parallel grafting,
in situ fenestration, and branched/fenestrated
endografts with promising early outcomes.®°7¢
Custom and off-the-shelf branched/fenestrated
stent grafts designed for subclavian artery incor-
poration are in clinical trials, and in the future
may offer options for endovascular repair of arch
pathology. Other important considerations include
minimizing use of balloon molding, given aortic
fragility associated with dissections, and identi-
fying adequate peripheral access whereby the
pulseless or weaker femoral pulses often predict
easier access into true lumen. Malperfusion pro-
vides a challenging case, as a dissection with mul-
tiple fenestration and dynamic flaps can obscure
the distinction between true and false lumen. In
these instances, intravascular ultrasound (IVUS)
may be of use in identifying the true lumen. If
concern for branch occlusion occurs intraopera-
tively, maintenance of wire access is integral to
placement of stents in the appropriate branches
to maintain perfusion.

FALSE LUMEN TREATMENT

One way to obstruct the distal false lumen in pa-
tients with false lumen aneurysms involves direct
false lumen embolization through a combination
of stent grafts, coils, onyx, plugs, and glue (Figs.
3 and 4). Commonly, the covered stents used in
this method include iliac occluder plug zip (Cook,
Bloomington, Indiana), Talent occluder (Med-
tronic, Santa Rosa, California), nitinol embolization
plug, and an occluded stent-graft. Additionally,
some of the most common embolization materials
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Fig. 3. Chronic type B dissection in the setting of previous thoracic endovascular repair. Persistent false lumen
back flow. (Hai-Lei Li et al., Methods and Outcomes of Endovascular False Lumen Embolization for Thoracic Aortic
Dissection, Annals of Vascular Surgery, 85, 2022, 371-382, https://doi.org/10.1016/j.avsg.2022.03.020.)

include patent foramen ovale or atrial septal defect
occluders, Amplatzer plug, coils, and glue. Finally,
liquid embolization materials can also be used for
false lumen embolization; examples include
ethylene vinyl alcohol copolymer (Onyx glue -
Medtronic, Minneapolis, MN, ev3, California) and
glue.””

Certain instances may arise where false lumen
aneurysms cannot be adequately occluded with

even the largest commercially available plugs,
which are 22 mm. In these cases, the Candy-Plug
technique first described by Kélbelin 2013 can pro-
vide occlusion of the false lumen aneurysm by use
of a larger plug created from a modified stent graft
(Fig. 5A-D). The original Candy-Plug technique
involved the modification of a Zenith Thoracic
TX2 Pro-Form Stent-Graft (Cook Medical - Bloo-
mington, IN) using a diameter-restricting suture to

Fig. 4. Extension of distal coverage and false lumen embolization with multiple 0.035” coils (Nester, Cook).
(Hai-Lei Li et al., Methods and Outcomes of Endovascular False Lumen Embolization for Thoracic Aortic Dissec-
tion, Annals of Vascular Surgery, 85, 2022, 371-382, https://doi.org/10.1016/j.avsg.2022.03.020.)
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create a narrowed waste in the stent-graft resem-
bling a wrapped candy. Careful attention to the
diameter of the waste is required, as the waste
must be large enough to retrieve the dilator tip after
deployment. Once the dilator tip has been
retrieved, a small commercially available plug can
be used to seal off the minor opening.”® Despite
successful occlusion of the false lumen and thus
promotion of favorable aortic remodeling, the orig-
inal Candy-Plug technique had 2 major problems:
possible true lumen narrowing secondary to
compression from the Candy-Plug stent and
possible flap or vessel wall injury secondary to the
stent.”® Modifications of the original Candy-Plug
technique involve deployment of a stent graft in
the true lumen to prevent true lumen narrowing
and protect the flap from damage by the candy-
plug device.®°

The Knickerbocker technique was first described
by Koélbel in 2014 and was created to address
persistent perfusion of the false lumen in chronic
dissections.®™ This technique involves the use of
an oversized stent graft in conjunction with a large
compliant balloon to create a controlled rupture of

Fig. 5. (A) Prior to implantation of
candy-plug. (B) After implantation of
candy-plug. (C) Deployment of candy-
plug in the false lumen, dilator tip still
present. Waste of device with presence
of diameter-reducing suture (arrow).
(D) Retrieval of dilator tip and occlusion
of candy-plug with 20-mm Amplatzer
vascular plug Il (arrow). (Kolbel T et al.
Distal false lumen occlusion in aortic
dissection with a homemade extra-large
vascular plug: the candy-plug tech-
nique. J Endovasc Ther. 2013;20(4):484-
489. https://doi.org/10.1583/13-4318.1.)

the dissection flap (Fig. 6A-G). Once the dissection
flap has been ruptured by the balloon, the oversized
stent graft provides stability for the true lumen while
occluding the false lumen, promoting favorable
aortic remodeling.

Originally used for aortic valve leaflet division
before transcatheter aortic valve replacement
to prevent coronary artery obstruction, electrosur-
gical septotomy can be used as an adjunctive tech-
nique to create optimal landing zones, disrupt the
septum when excessive true lumen compression
is present, or connect true and false lumen when
vessels originate from separate lumens.5%:°
Electrosurgical septotomy, often referred to as
electroseptotomy, involves obtaining through-
and-through access from true to false lumen with
a 0.018 Astato guidewire (Asahi Intecc USA Incor-
porated - Irvine, CA) with its protective coating
stripped. With the guidewire connected to electro-
cautery and the exposed region of the wire in line
with the dissection membrane, septotomy can be
performed under fluoroscopic guidance and
confirmed with IVUS (Fig. 7A-C). Electroseptotomy
offers a safer method of septotomy compared with
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Fig. 6. (A) Initial digital subtraction angiography demonstrates filling of false lumen. (B) Deployment of 2
thoracic stent grafts followed by inflation of compliant balloon. (C) Rupture of dissection membrane allows
expansion of stent graft into false lumen (D, arrow) without filling of false lumen. (E) Backflow up to distal
stent graft (arrow) without flow to proximal false lumen. (F) 3-week follow-up 3-dimensional volume
rendering shows expansion of stent graft into false lumen with narrowed distal end. (G) Demonstration of
no contrast filling of false lumen and expansion of stent graft into false lumen (arrow). (Kdlbel T et al. Address-
ing persistent false lumen flow in chronic aortic dissection: the knickerbocker technique. J Endovasc Ther.
2014;21(1):117-122. https://doi.org/10.1583/13-4463MR-R.1.)

the traditional cheese-wire technique or balloon
disruption, which have a higher risk of dislodging
portions of intima and lamella and causing oblitera-
tion of side branches and/or aortic bifurcation.®+-%"

COMPLEX FENESTRATED BRANCHED
ENDOGRAFTS

The first US Food and Drug Administration (FDA)-
approved EVAR was performed in 1999, with the
first FDA-approved TEVAR following shortly after
in 2005. The endovascular approach has quickly
gained popularity and has become a current stan-
dard of care. Despite immediate clinical impact at
their introduction, early aortic stent grafts were
limited in their application and often unable to treat
certain patients with complex anatomy or specific
clinical scenarios. In response to this need for
more complex solutions, several technological ad-
vancements have occurred since EVAR’s initial
introduction.

Early EVAR technology was largely limited to the
infrarenal aorta because of its inability to accommo-
date for visceral vessel perfusion. However, over the
years, several institutions in the United States have
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gained access to company-manufactured devices
(CMDs) which allow for patient-customized fenes-
trated and branched endografts (FBEVAR). Under
physician-sponsored investigational device exemp-
tion (PS-IDE) clinical trials, select institutions can
create complex endografts in collaboration with
Cook Medical, which have shown excellent clinical
results (Fig. 8A, B). Despite encouraging outcomes,
access to CMDs and these specific PS-IDEs have
not expanded beyond a few select institutions
because of several factors including regulatory is-
sues, costs, and time delays.®®

Regardless of access, CMDs consistently
demonstrate excellent results in the short- and
long-term metrics. In a prospective study involving
316 patients undergoing FBEVAR by either CMDs
or physician-modified endograft (PMEG), Oderich
and colleagues demonstrated superior rates of
technical success, 30-day mortality, and rates of
major adverse events (MAEs) in CMD compared
with PMEG. The authors also demonstrated that
PMEGs were associated with significantly larger
aneurysms, more chronic pulmonary and kidney
disease, and higher comorbidity severity scores.®®
They concluded that the single most important
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Fig. 7. (A) positioning of both hydrophilic catheters and the denuded trapeze-shaped guidewire across the
septum. (B) Guidewire attachment to cautery on cute mode at 8o W. (C) Gentle pulling of wire to shear dissection
flap in desired segment. (From Baghbani-Oskouei, et al. Transcatheter electrosurgical septotomy technique for
chronic postdissection aortic aneurysms [published correction appears in J Vasc Surg Cases Innov Tech 2024 Jul
02;10(5):101569. https://doi.org/10.1016/j.jvscit.2024.101569]. J Vasc Surg Cases Innov Tech 2023;10(2):101402.
Published 2023 Dec 19. https://doi.org/10.1016/j.jvscit.2023.101402).

Fig. 8. (A) Physician-modified endograft. Diameter-reducing ties (arrows) can be added to reduce diameter of
stent. (B) CMDs can be designed with a multitude of combinations of fenestrations and branches. (From: Oderich
GS, Ribeiro MS, Sandri GA, Tenorio ER, Hofer JM, Mendes BC, Chini J & Cha S. Evolution from physician-modified
to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic
aneurysms. J Vasc Surg. 2019 Jul;70(1):31-42.e7; used with permission of Mayo Foundation for Medical Education
and Research, all rights reserved.)
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advantage of CMDs over PMEGs is the greater
versatility of design allowing for superior patient
customization. In a similar study conducted by
Dossabhoy and colleagues also comparing
CMDs and PMEGs, the authors demonstrated no
significant differences between perioperative
complications or rates of endoleaks but not a
significantly higher rate of reintervention for the
PMEG group compared with the CMD group
(837% versus 13%). The authors noted that the pro-
cess of ordering a CMD includes review of physi-
cian customizations by a second independent
team of expert engineers, allowing for additional
experience and fine-tuning of device plans.®®
Despite greater clinical application, CMDs are not
without specific limitations. Manufacturing of these
devices requires several weeks, limiting their use in
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Fig. 9. (A) Three dimensional multipla-
nar (B) Modification map.
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patients with ruptured, symptomatic, or rapidly
enlarging aneurysms. In addition, CMDs are largely
unavailable for most vascular surgeons, as only a
few large institutions have access to these specific
PS-IDEs. Therefore, PMEGs continue to play an in-
tegral role in the need for complex fenestrated and
branched endografts and will remain prevalent un-
til safer, more accessible commercially available
options become available.

Regarding the development of PMEGs, in 2006
Uflacker and colleagues reported one of the first
examples of modifying a commercially available
device. In their report, the authors describe crea-
tion of fenestrations in a conventional Zenith
endograft (Cook, Bloomington, Indiana) to treat
a pararenal aneurysm.®° The authors noted that
these modified endografts filled an unmet need,
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Fig. 10. (A) Unsheathing stent graft. (B) Retrieval of trigger wire. (C) Posterior rerouting for use as diameter
reducing wire. (From Pyun AJ et al. Contemporary indications, techniques, and outcomes of physician-modified
endografts for the treatment of complex abdominal and thoracoabdominal aortic aneurysms. Semin Vasc Surg
2022;35(3):364-373. https://doi.org/10.1053/j.semvascsurg.2022.07.009).

as access to commercially available fenestrated
devices were not readily available in the United
States at the time. Furthermore, these devices
were in short supply, and waiting times were
lengthy. The term physician-modified endovas-
cular graft (PMEG) was later coined by Ben
Starnes at the University of Washington, Seattle,
in 2007.°" Starnes later noted that PMEG
compared favorably with existing literature and
is a safe and effective alternative to patients
with otherwise limited surgical options. Almost
20 years later, PMEGs continue to provide an
alternative option while also demonstrating favor-
able outcomes with high technical success,
branch patency, and freedom from endoleak,
stent-graft migration, rupture, or conversion to
open.

Current indications for PMEG are similar to in-
dications for other aneurysm repairs. Generally,
AAA size of at least 5.5 in men, 5 cm in women,
or growth rate of at least 10 mm in a 12-month

span meets requirements for repair. These cut-
offs can be increased to 6 to 6.5 cm for patients
in higher perioperative risk categories.®>%* Ex-
amples of higher-risk patients include postdis-
section aneurysmal degeneration, primary
degenerative aneurysms, or inflammatory aneu-
rysms. On the other hand, patients with vascular
morphology or those associated with CTD are
deemed at increased risk for rupture and may un-
dergo repair at lower thresholds. Regardless of
size, all symptomatic aneurysms should be
repaired. Finally, although any physician can
perform modifications, the FDA and SVS do not
endorse this technique unless performed under
an investigational study.

Regarding patient selection for PMEGs,
shared decision making between physician and
patient is required and must involve thorough
evaluation of patient-specific anatomy and phys-
iologic risk factors. Complete transparency on all
treatment options including referrals for patients
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with time and resources to centers with IDE pro-
tocols and access to dedicated CMDs must also
be present.

After proper patient education, the modification
design is planned using a multiplanar reconstruc-
tion analysis of the CTA (Fig. 9A). For optimal prox-
imal seal zone, a 2 cm segment of disease-free
parallel aortic wall is required. The position of
target vessels is calculated by the longitudinal dis-
tance and radial distance (arc length) from a refer-
ence point with the formula being (Arc Length = #
of 15 min segments from 12 o’clock x (diam-
eter+1) x ©/49). In the authors’ practice, the refer-
ence point (coordinate 0,0) is placed at the top of
the fabric of the device (beginning of the proximal
seal zone) at the 12 o’clock position (Fig. 9B). Fen-
estrations, outer side arm, and inner branch cuffs
can be selected for visceral/renal branch incorpo-
ration. In the authors’ practice, fenestrations are
best used for narrow aortic lumens with perpen-
dicularly positioned target vessels, while outer
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Fig. 11. (A) Addition of fenestrations
and branch cuffs with ophthalmic cau-
tery. (B) Reinforcement of fenestration
with double layer of Goose Neck Snare
and 6-0 Goretex sutures. (C, D) Direc-
tional outer side arm branch cuffs. (E,
F) Inner branches. (From Pyun AJ et al.
Contemporary indications, techniques,
and outcomes of physician-modified
endografts for the treatment of com-
plex abdominal and thoracoabdominal
aortic aneurysms. Semin Vasc Surg
2022;35(3):364-373. https://doi.org/10.
1053/j.semvascsurg.2022.07.009).

branch cuffs can be chosen for angulated target
vessels in aneurysmal segments. Finally, inner
branches also provide overlap between target
vessel and stent graft while preserving a narrow
workspace.?> 97

Modification occurs the day of the operation
and involves strict sterile technique. Current liter-
ature describes the modification of several
different devices including Zenith TX2, Zenith
Alpha Thoracic (Cook Medical, Bloomington,
Indiana), and Treovance (Terumo Aortic, Sunrise,
Florida).?":°%-1°" " This section describes the
senior author’s physician-sponsored IDE protocol
(G200159), which is incorporated into all PMEGs
after careful development and refinement of this
technique. After the proximal component of the
Cook Zenith Alpha thoracic or TX2 stent graft is
unsheathed (Fig. 10A), a trigger wire is retrieved
and used as a diameter-constraining wire
(Fig. 10B). This wire is rerouted through each stent
along the posterior wall (Fig. 10C). Using an
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ophthalmic cautery, 8 mm and 6 mm fenestrations
are created for the visceral and renal arteries,
respectively (Fig. 11A-F). Fenestrations are rein-
forced with 2 layers of Amplatz Goose Neck Snare
(Medtronic, Minneapolis, Minnesota) secured us-
ing 6-0 Goretex (Gore & Associates, Flagstaff, Ari-
zona) locking sutures (see Fig. 11B). If specific
fenestration identification may be of concern on
fluoroscopy, especially when target vessels are
close in proximity, additional radiopaque markers
can be sutured to distinguish the fenestrations.
Long directional inner or outer branch cuffs can
also be created by connecting 6 to 8 mm
Viabahn self-expanding covered stents (Gore &
Associates, Flagstaff, Arizona) to the modified
fenestration using running 6-0 Goretex sutures.
Once again, radiopaque markers can be sutured
around the entrance and exit of the various branch
cuffs (see Fig. 11D).

To resheath the modified stent graft, the poste-
rior aspects of Z-stents are constrained with pro-
lene sutures (Fig. 12A), while the proximal

Fig. 12. (A) Diameter reducing ties
added to posterior routed trigger
wire. (B) 0.014 or 0.018 inch guidewires
passed through fenestrations and
branches. (C) Resheathing of modified
stent graft aided by 2-0 silk ties. (From
Pyun AJ et al. Contemporary indica-
tions, techniques, and outcomes of
physician-modified endografts for the
treatment of complex abdominal and
thoracoabdominal aortic aneurysms.
Semin Vasc Surg 2022;35(3):364-373.
https://doi.org/10.1053/j.semvascsurg.
2022.07.009).

fixation barbs are removed with a wire cutter.
Brachial-catheterized fenestrations and branches
can be prewired with 0.014 or 0.018 inch guide-
wires (Fig. 12B, C), while femoral-catheterized fen-
estrations and branches can be modified with
temporary diameter constraining ties attached to
a trigger wire. Finally, the device is reintroduced
back into the delivery sheath using multiple tem-
porary silk sutures.

PMEGs have become an integral part of treat-
ment options, and outcomes have been favor-
able. A series of 30 patients, 47% of whom had
TAAA reported by Oderich and colleagues,
demonstrated excellent results, with a branch
stenting technical success rate of 98% a 1-year
branch patency of 97%, a freedom from endoleak
of 88%, and 1 perioperative death.’® Further-
more, Starnes and colleagues published their
initial outcomes of 47 patients with juxtarenal an-
eurysms treated with PMEG in 2012. Their study
demonstrated a technical success rate of 98%
for 82 fenestrations and a perioperative mortality
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of 2%. Midterm results from this study have
expanded to include 64 patients and 145 fenes-
trations, with a technical success rate of 95%
and a 30-day mortality rate of 5.1%. Additional
findings include freedom from stent graft migra-
tion and freedom from rupture or conversion to
open at 12 months of 100% and only 2 patients
with endoleaks (type | and Ill) at 12 months. Of
note, no additional endoleaks were detected at
4-year follow-up. In conclusion, PMEGs remain
a safe and effective alternative for patients who
may not have time or access to other FBEVAR
alternatives.

Although CMDs are limited to specific institu-
tions and PMEGs are only advised while under
investigational studies, several commercially avail-
able options have been approved over the past
2 decades that help expand access to complex
endografts. The custom-manufactured Zenith
Fenestrated AAA Endovascular Graft (ZFEN)
became the first fenestrated stent graft to be
commercially approved in 2012 and allows for 3-
vessel incorporation (Fig. 13). The prospective,
multicenter study on the Zenith Fenestrated AAA
Endovascular Graft confirmed the long-term
safety and effectiveness of the stent graft up to
5-year follow-up. The authors reported 1 death
within 30 days and 6 deaths beyond 30 days. Pri-
mary and secondary patency were 83% and 86%
at 5 years, respectively. There were 2 type | endo-
leaks, and 81% of patients had sac shrinkage at
5 years.'%? Thus, the ZFEN device has demon-
strated favorable short- and long-term outcomes
for patients with complex aortic aneurysms.

More recently, the FDA approved commercial
use of the GORE EXCLUDER Thoracoabdominal
Branch Endoprosthesis (TAMBE device; W. L.
Gore & Associates, Flagstaff, Arizona) in January
of 2024, which further expands access to complex
fenestrated and branched endografts (Fig. 14).
Although the ZFEN device is limited to juxtarenal
aneurysm and can only accommodate for 3 ves-
sels, the TAMBE device allows for 4 portals and
can treat pararenal and extent IV thoracoabdominal
aortic aneurysms. Early studies of TAMBE demon-
strate high technical success along with low rates
of mortality and morbidity.'®® When compared
with PMEGs, TAMBE has demonstrated similar
rate of mortality and long-term target vessel
patency, with lower rates of MAEs and type | or lll
endoleaks.'* With its commercial introduction be-
ing recent, further follow-up studies are needed to
assess extended outcomes for the TAMBE device.

Advancements in complex fenestrated and
branched endografts have greatly expanded ac-
cess and care to a multitude of new patients since
the original FDA approval for EVAR in 1999. As
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Fig. 13. Cook Zenith fenestrated device. (Courtesy of
Cook Medical.)

studies on these devices continue, new tech-
niques and managements will surely develop,
further increasing the possibilities of the endovas-
cular approach.

Fig. 14. Gore thoracoabdominal branch endoprosthe-
sis. (GORE® EXCLUDER® Thoracoabdominal Branch
Endoprosthesis. See Instructions for Use for complete
device information, including approved indications
and safety information.)
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SUMMARY

Current treatment strategies of acute aortic dissec-
tions focus on reducing short-term aortic-related
mortality, often leaving the rest of the downstream
aorta dissected thus susceptible to aneurysmal
degeneration in the long term in significant
numbers of patients. Endovascular treatment
options continue to evolve for chronic aortic dis-
sections including various false lumen occlusion
techniques and staged fenestrated branched
endografts. Several fenestrated branched endog-
raft options exist, and the promising data for
chronic dissections are emerging.

CLINICS CARE POINTS

e Patients with history of aortic dissection re-
pairs frequently have residual dissection at
risk of aneurysmal degeneration.

e Several innovative endovascular treatment
options exist for management of chronic
aortic dissections, including complex fenes-
trated, branched endovascular aortic repairs,
false lumen occlusion.

e Patients with connective tissue disorders may
benefit from endovascular repair in emergent
settings, the long term data are largely un-
known.
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