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ABSTRACT

Thoracic aortic diseases, including disease ofidszending thoracic aorta (DTA), are
significant causes of death in the United StatgerQrepair of DTA is a physiologically

impactful operation with relatively high rates obrtality, paraplegia, and renal failure.

Thoracic endovascular aneurysm repair (TEVAR) leaslutionized the treatment of DTA, and
has largely supplanted open repair due to lowebidily and mortality. These Society for
Vascular Surgery (SVS) Practice Guidelines areiegiple to the use of TEVAR for descending
thoracic aortic aneurysm (TAA) as well as otheerarathologies of the DTA. Management of
aortic dissections and traumatic injuries will bgcdssed in separate SVS documents. In general,
there is a lack of high-quality evidence acros§alA pathologies, highlighting the need for
better comparative effectiveness research. Yajelaingle center experiences, administrative
databases and meta-analyses have all consisteptited beneficial effects of TEVAR over
open repair, especially in the setting of ruptilany of the strongest recommendations from the
present guideline focus on imaging either priodiaring or after TEVAR and include: 1) in
patients considered at high risk for symptomatiATgk acute aortic syndrome, we recommend
urgent imaging, usually Computed Tomography Angapty (CTA) due to its speed and ease of
use for pre-operative planning. Level of recomméondaGrade 1 (Strong), Quality of

Evidence: B (Moderate), ) TEVAR is being considered, we recommend fine (begs than or
equal to 0.25 mm) CTA of the entire aorta, as aslthe iliac and femoral arteries. CTA of the
head/neck is also needed to determine the anatbthg wertebral arteries. Level of
recommendation: Grade 1 (Strong), Quality of EvaderA (High), 3) we recommend routine

use of three-dimensional centerline reconstructimftware for accurate case planning and

execution in TEVAR. Level of recommendation: GrddgStrong), Quality of Evidence: B



(Moderate), and 4) we recommend contrast-enhandest@nning at one and 12 months after
TEVAR, and then yearly for life, with consideratiohmore frequent imaging if an endoleak or
other abnormality of concern is detected at onetmdrevel of recommendation: Grade 1
(Strong), Quality of Evidence: B (Moderate). Figalbased on our review, in patients who could
undergo either technique (within the criteria of thevice’s IFU), we recommend TEVAR as the
preferred approach to treat elective DTA aneurygiven its reduced morbidity and length of
stay, as well as short term mortality. Level ofomenendation: Grade 1 (Strong), Quality of
Evidence: A (High). Given the benefits of TEVARgdtment using a minimally invasive
approach is largely based on anatomic eligibiliégher than patient-specific factors as is the
case in open TAA repair. Thus for isolated DTA, T&¥ should be the primary method of
repair in both the elective and emergent settirsgdan improved short- and mid-term

mortality, as well as decreased morbidity.



SUMMARY OF RECOMMENDATIONS

Practice recommendations were made using the GR@&D&des of Recommendation
Assessment, Development and Evaluation) syétem.

Recommendation 1: In patients considered at low or intermediate foska thoracic aortic
aneurysm based on their history and physical exatiom, we suggest chest X-ray as the first
radiographic test, as it may identify an alterrdisgnosis for symptoms and may obviate the
need for additional aortic imagingevel of recommendation: Grade 2 (Weak), Quality of
Evidence: C (Low)

Recommendation 2: In patients considered at high risk for symptom@#a or acute aortic
syndrome, we recommend urgent imaging, usually GaetpTomography Angiography (CTA)
due to its speed and ease of use for pre-openatvaming. Magnetic resonance angiography
(MRA) and transesophageal echocardiography (TEEREO adequate for screening to identify
thoracic aortic pathology, but have limited apgbitity in certain scenarios (discussed further
below).L evel of recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)
Recommendation 3: For elective TEVAR cases, we suggest assessmégft oentricular
function by transthoracic echocardiogram in a patreith dyspnea of unknown origin or in a
patient with known congestive heart failure withraening dyspnea.evel of

recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)

Recommendation 4: If TEVAR is being considered, we recommend fine (¢ess than or equal
to 0.25 mm) CTA of the entire aorta, as well asiliae and femoral arteries. CTA of the
head/neck is also needed to determine the anatbthg wertebral arteries.evel of

recommendation: Grade 1 (Strong), Quality of Evidence: A (High)



Recommendation 5: We recommend routine use of three-dimensional dameeconstruction
software for accurate case planning and executidfEVAR. L evel of recommendation:
Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 6: We suggest contrast enhanced MRA for pre-operataening for
patients with severe iodinated contrast alletgguel of recommendation: Grade 2 (Weak),
Quality of Evidence: C (Low)

Recommendation 7: We recommend IVUS use in TEVAR for TAA to assesgliag zones
when cross-sectional imaging is of poor qualityy@e detailed evaluation of landing zones or
branch vessel origins are needed, or if a declieasmtrast use is desireldevel of
recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 8: As hypertension is a modifiable risk factor for thevelopment of aortic
aneurysms and is associated with accelerated gpotweth and rupture, we recommend that
blood pressure be managed to the adherence of@# AHA guidelines’® Level of
recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 9: We recommend interventions for smoking cessatiquatrents with
thoracic aortic pathology, as even passive expasaieincrease the risk of aortic ruptucevel

of recommendation: Grade 1 (Strong), Quality of Evidence: A (High)

Recommendation 10: In patients who could undergo either techniquehwithe criteria of the
device’s IFU), we recommend TEVAR as the prefeapgdroach to treat elective DTA
aneurysms given its reduced morbidity and lengtst@y, as well as short term mortalityevel

of recommendation: Grade 1 (Strong), Quality of Evidence: A (High)

Recommendation 11: We recommend TEVAR in asymptomatic patients witteacending

TAA when the maximum aneurysm diameter exceedsrb.th “low risk” patients with



favorable aortic anatomy.evel of recommendation: Grade 1 (Strong), Quality of Evidence:

B (Moderate)

Recommendation 12: We suggest using higher aortic diameter threshold§EVAR in
patients deemed to have a particularly high-risdlesth, renal failure or paraplegia from the
procedure, where the benefit of treatment is Iavan the risk posed by the natural history of

the TAA. Leve of recommendation: Grade 2 (Weak), Quality of Evidence: C (L ow)

Recommendation 13: Due to the dynamic nature of isolated IMH and neWwn association
with AD, we recommend close observation and hypeita control with follow-up imaging as
the initial management of patients with asymptomiiH. L evel of recommendation: Grade

1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 14: We recommend TEVAR in patients with IMH and/or PAlo have
persistent symptoms, complications or show evidefcksease progression on follow-up
imaging following a period of hypertension contioével of recommendation: Grade 1

(Strong), Quality of Evidence: B (M oder ate)

Recommendation 15: We suggest TEVAR in selected cases of asymptorRétid who have
at-risk characteristics for growth or ruptukesvel of recommendation: Grade 2 (Weak),

Quality of Evidence: B (M oderate)

Recommendation 16: We suggest TEVAR for symptomatic mycotic/infectelATas a
temporizing measure, but data are lacking demansgreong-term benefit evel of

recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)



Recommendation 17: We recommend increasing perfusion pressure viaaded hypertension
(mean arterial pressure of greater than 90) asmpanent of a spinal cord protection protocol in
patients at high risk of SCI due to extensive cagerlength (>15cm), poor hypogastric
perfusion (occluded or significantly stenosed hygstigc arteries), coverage of important
collaterals (subclavian/hypogastric arteri¢svel of recommendation: Grade 1 (Strong),

Quality of Evidence: B (M oderate)

Recommendation 18: We recommend prophylactic CSF drainage for SClgutain in TEVAR
cases that are deemed high-risk (covering extetsingth of descending aorta, previous aortic
coverage, including EVAR or open AAA repair, commiised pelvic perfusion with diseased or
occluded common or internal iliac arteries, diseaseccluded vertebral arteries, planned left
subclavian artery coverage, or deemed high risthbyperating surgeor)evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 19: For elective TEVAR for a TAA where coverage of ttfeA is necessary
for adequate stent graft seal, we suggest predpe@tconcomitant LSA revascularization.

L evel of recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 20: For patients where the anatomy to be treated compes perfusion to
vital structures (see below), we recommend LSA seukarizationL evel of recommendation:

Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Examples of these circumstances include:

- Presence of a patent LIMA to coronary artery bypupa$t

- Termination of the left vertebral artery into thasgerior inferior cerebellar artery



- Absent, atretic or occluded right vertebral artery
- Patent left arm arteriovenous shunt for dialysis
- Prior infrarenal aortic operation or EVAR with preusly ligated or covered lumbar
and middle sacral arteries.
- Planned extensive coverage (>15cm) of the desceitldaracic aorta
- Hypogastric artery occlusion or significant occligsdisease
- Presence of aneurysm disease in the young patibete future therapy involving
the distal thoracic aorta may be necessary
Recommendation 21: For patients with acute thoracic emergencies, whEMAR is required
urgently and coverage of the LSA is necessarg,stiggested that revascularization should be
individualized and addressed based on the patiandsomy and urgency of the procedure.

L evel of recommendation: Grade 2 (Weak), Quality of Evidence: B (M oder ate)

Recommendation 22: We recommend pre-procedural TEVAR planning to idelsizing and
landing sites before the case to minimize procddwmatrast use. If available, intraoperative
CTA overlay technology and IVUS should be used toimize use of contrask evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 23: We recommend non-ionic, hypo-osmolar contrast aitmpts at
minimizing intra-arterial contrast use, especiatiyatients at high risk for CIN.evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oderate)

Recommendation 24: Depending on the patient’s corporal density andcacity of the x-ray
equipment available, we suggest diluting contrashé power injector when possible (typically

to 50% or 70%). Adjustments in injection volume aimake (faster injection of smaller doses) can



usually compensate when additional visibility iguged.L evel of recommendation: Grade 2

(Weak), Quality of Evidence: C (Low)

Recommendation 25: We suggest the use of on-table mapping softwaiertgpon fixed-
imaging X-ray systems, such as roadmapping, CDifusr overlay reference to aid in locating
target landing sites and minimize need for repestedtions. If available, CT overlay capability
is extremely useful especially in cases where ionand cannulation of branches will be

needed.L evel of recommendation: Grade 2 (Weak), Quality of Evidence: B (M oder ate)

Recommendation 26: To decrease the risk of atheroembolization, wemenend minimizing
intraortic wire, catheter and endograft manipulaiio the aortic arch and at or above the
visceral/renal arteries, especially in patientdgignificant aortic atheromatous disease or

thrombusL evel of recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 27: We recommend minimizing the dwelling time of lageocclusive
ilio/femoral artery sheaths to decrease the riskpaial cord ischemia and lower extremity
ischemia that can lead to postoperative compartsyegrdrome or rhabdomyolysis. In cases
where a large sheath must be left in place fooébopged period of time, it can be withdrawn
into the external iliac artery to allow antegralbfinto the ipsilateral internal iliac artery.
Meticulous postoperative vigilance to detect inadsg lower extremity perfusion and/or
compartment syndrome should be routinevel of recommendation: Grade 1 (Strong),

Quality of Evidence: B (M oder ate)

Recommendation 28: We recommend preemptive SMA stenting with a balespandable
stent, in cases of >50% stenosis of the SMA irféHewing conditions: prior to or after CA

coverage or encroachment, TEVAR that is encroadhied@MA origin, or in any patient



otherwise considered as high risk for post-TEVARsamgeric ischemid. evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 29: In anticipation of high risk for CA-territory isch@a (non-visualization
of CA collateral branches by CTA or dedicated SMigiagraphy), we recommend open or
endovascular revascularization of the CA before ARVL evel of recommendation: Grade 1

(Strong), Quality of Evidence: B (M oder ate)

Recommendation 30: If an open approach for access is used, we recochomeng transverse or
oblique incisions when performing open femoral asder TEVAR.L evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 31: We recommend using ultrasound guidance for pereotasaccess to
improve procedural success and decrease the ratajof complications. evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 32: We recommend that percutaneous access for TEVARfésand an
acceptable alternative to open common femoralyagbgposure if certain anatomic criteria are
met (i.e. diameter of common femoral artery, latkant wall calcium, etc.)L evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 33: We recommend the use of iliac conduits or direatilaortic punctures
for TEVAR delivery to facilitate access in patiemtgh small (relative to the chosen device),
tortuous or calcified iliac vessels. The decisiopérform a conduit should be made in the pre-
operative setting, when possibleevel of recommendation: Grade 1 (Strong), Quality of

Evidence: B (Moder ate)



Recommendation 34: We suggest that endoconduits to facilitate acaasSEVAR are an
acceptable alternative in some cases to an omenctinduit, but little data comparing them with
an iliac conduit or long-term data describing tleitcomes over time are availallevel of

recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)

Recommendation 35: We recommend TEVAR over open repair for the treatnoé ruptured
DTA when anatomically feasiblé.evel of recommendation: Grade 1 (Strong), Quality of

Evidence: B (Moderate)

Recommendation 36: We recommend contrast-enhanced CT scanning atrah&velve
months after TEVAR, and then yearly for life, witbnsideration of more frequent imaging if an
endoleak or other abnormality of concern is deteateone month. evel of recommendation:

Grade 1 (Strong), Quality of Evidence: B (M oder ate)



1. DEVELOPMENT OF GUIDELINES

The Society for Vascular Surgery (SVS) thoracicaadcular aneurysm repair
(TEVAR) Guidelines Committee was created by fidiciting interest among members of the
SVS. The committee and Chair were then chosen@$Ws to ensure that the number of
authors without documented conflicts of interess \geeater than or equal to the number with
reported conflicts of interest. Importantly, thegedelines are specific for lesions isolated to the
descending thoracic aorta which require coveragmoés 2-6.Those patients with aortic
pathology within the aortic arch requiring coverag@®r proximal to the left carotid artery (zone
0 or 1) are excluded from these guidelines. Furtiveile we included management of the celiac
artery when requiring coverage for distal seal fxation, the subject of management of any
other visceral arteries was excluded from thesdeiuies.

An outline was developed by the writing group, whiccluded: the anatomy of the
thoracic aorta, aortic pathologies to be coveradtfioracic aortic aneurysms, acute aortic
syndromes limited to penetrating aortic ulcer artceimural hematoma, exclusive of traumatic
injuries and dissection), diagnostic findings anthparing the advantages and disadvantages of
available imaging modalities in various settingsttier topics included the perioperative
management of patients with thoracic aortic patypplepecifically mitigation of the
perioperative risk of spinal cord ischemia, strake renal failure, and evidence-based
recommendations regarding the management of theubtlavian and celiac arteries when
coverage of those vessels is deemed necessarguitecessful” repair. Additional
recommendations focused on arterial access, diti@fenanagement of elective and

urgent/emergent TAA, as well as optimal surveillaimdervals following TEVAR. Finally, we



considered special problems, including possiblew& outcome relationship, related to repair of
TAA.
2. DOCUMENT REVIEW AND APPROVAL

The committee developed the practice guidelinedsygaing members to create primary
drafts of each section of the document based oaftirementioned outline, highlighting specific
areas where recommendations were needed and appeofach section was then placed into a
single document, compiled, reviewed and revisethbywriting group, led by the Chair. All
guideline recommendations were reviewed by thecluthmittee and finalized via an iterative,
consensus process. In considering available trestmedalities to include in the final draft, we
evaluated only options currently available to pageand physicians in the United States (U.S.).

The Grades of Recommendation Assessment, Develd@ndrEvaluation (GRADE)
framework was used for determining the quality\aflence and the strength of
recommendation, as previously reportéthe quality of evidence is rated as high (A), mate
(B), or low (C). This rating is based on the riglb@s, precision, directness and consistency.
The strength of recommendation is graded basetieoquality of evidence, balance between
benefits and harms, patients’ values, preferersresclinical context. Recommendations are
graded as strong (1) or weak (2). The term “wemguend” is used with strong
recommendations and the term “we suggest” is usedéak recommendations. Some
statements were labeled as good practice stater€hese were statements that did not have
direct supporting evidence, but had ample indiesalence and would be considered by many
surgeons as surgical principles. Some statementslalgeled as implementation remarks. These
were technical suggestions that aimed at explaiaimjimplementing the preceding

recommendation.



Finally, the SVS Document Oversight Committee pegrewed the document twice and
provided content and methodology expertise. Thenoh@nt was then revised and sent to the

Executive Committee and received final endorsement.

3.METHODOLOGY AND EVIDENCE REVIEW
In association with the TEVAR for TAA guideline gne document and
recommendations, a systematic review and meta-sisalias conducted to evaluate the
effectiveness of TEVAR and open repair in patiemith isolated TAA? The data sourcder
this evidence review included PubMed, Ovid MEDLINByid EMBASE, EBSCO CINAHL,
and Scopus, which were searched from each datahaseption to January 29th, 2016.
Observational studies that compared the two appesain adults with TAA and reported 30-day
mortality or procedure complications were selecizata were extracted and appraised by two
reviewers independently. Random effects meta-aisalyas used to estimate odds ratio (OR)
and 95% confidence intervals (Cl). This documenotjled evidence that TEVAR reduced the
risk of mortality in both intact (OR 0.6; 95% C138-0.99) and ruptured (OR, 0.58; 95% ClI,
0.38-0.88) settings. In addition, paraplegia rigkd pulmonary complication rates were lower
with TEVAR compared with open repair for isolatedlA.
a. Glossary/ Definitions of terms and abbreviationsduthroughout the guideline

AAA — Abdominal aortic aneurysm(s)

ABF- Aorto-bronchial fistula

AD- Aortic dissection

AEF- Aorto-esophageal fistula

ASA — Aberrant subclavian artery



CA — Celiac artery

CI — Confidence intervals

COPD - Chronic obstructive pulmonary disease

CTA - computed tomographic angiography

GRADE - Grades of Recommendation Assessment, Dewedat and Evaluation
ICU - Intensive care unit

IFU —Instructions for use (defined by the manufeatu

IMH - Intramural hematoma

IVUS- Intravascular ultrasound

LIMA- Left internal mammary artery

LSA — Left subclavian artery

MRA - Magnetic resonance angiography

OR — Odds ratio

PAU — Penetrating aortic ulcer(s)

SVS — Society for Vascular Surgery

TAA — Isolated, thoracic aortic aneurysm(s)

TAAA — Thoracoabdominal aortic aneurysm(s) incligdaneurysms involving
the visceral aorta

TAAD- Thoracic aortic aneurysm and dissection

TEVAR — Thoracic endovascular aortic repair

TEE — transesophageal echocardiography

TTE - transthoracic echocardiography



4. EPIDEMIOLOGY AND RISK FACTORS

Thoracic aortic disease is an important public theigsue’>#° Although abdominal
aortic aneurysms (AAA) and ascending aortic aneusyare more common, descending
TAA and thoracoabdominal aortic aneurysms (TAAA9 aot rare, with an estimated
incidence of 6-10 cases per 100,000 person-yeamlsson examined the prevalence of
TAA from 1987 to 2002 in patients with thoracic todissections (AD) or aneurysms in
Sweden. Of 14,229 individuals with thoracic aodisease, the diagnosis was made in
11,039 (78%) before death. The incidence of thoractitic disease rose by 52% in men and
28% in women to reach 16.3 and 9.1 per 100,00@qxar, respectively. The authors
concluded that the prevalence and incidence oathorortic disease were higher than
previously reported and has been steadily incrgdsifihe rising prevalence of TAA has
been attributed to a number of factors, includimgrioved imaging techniques, an aging

population, and increased patient and physicianevess:?

A. Population Affected

TAA are primarily a disease of the elderly. Therage age of patients with TAA is
65 years at diagnosis, with a male-female ratin.@f1° In contrast, in patients with AAA
the mean age is 75 years with a male-female r&#old>* TAA clearly have a genetic
component with more than 20% of patients havinigst-@legree relative affected by
aneurysm diseaseé™®

B. Risk Factorsfor Disease and Rupture

There are many risk factors common to both AAA @A\ patients, including
hypertension, smoking, and atherosclerosis in aitterial bedd®?°%?Systemic

hypertension, especially elevated diastolic blombgure greater than 100 mm Hg has been



associated with aortic growth and ruptéité*Although most often described as degenerative
in etiology, up to 20% of patients have TAA that #re sequelae of chronic aortic
dissection. Importantly, for this document, TAAated to chronic type B aortic dissections,
and those associated with inherited connectivedisisorders are intentionally excluded and
are the subject of future SVS documents.

Natural History and Rupture Rate of TAA

Published data on the natural historysaiiatedTAA is not as readily available as it
is for infrarenal AAA, partially related to theirunh less frequent occurrence. Also, data
regarding isolated TAA has historically been coneblinvith TAAA and with aneurysms
associated with dissection, which likely each hiédner own unique natural history, further
clouding our knowledg& Importantly, TAAs often occur in patient with mylke co-
morbidities, such as hypertension and atherosceteroger a wide range of ages. Therefore,
patients often succumb to other disease processes,as cancer or coronary artery disease,
highlighting the importance of pre-operative suafjidecision-making in the setting of the
(largely unknown) natural history of TAA.

Regardless, initial studies from the 1970s by Peessid McNamara documented
that approximately 40% of TAA patients who did notergo surgical repair died of rupture,
whereas 32% died of other cardiovascular diseagdsa mean survival of less than 3 years
after TAA diagnosig® During an extended period of observation, more 822 of patients
with unrepaired aneurysms suffered aortic ruptwitty 68% of ruptures occurring more than
1 month after the diagnosis?’ A more recent (2002) review found that the 5-yeawival
rate for patients with a 6.0-cm TAA to be 54%, wathisk for rupture of 3.7%l/yr and a risk

for death of 12%/yr. They found a similar medianvétal in patients with untreated TAA of



only 3.3 year$® In a natural history study by Crawford and DeNafl TAA patients who
were not candidates for open surgery, the survatal was just 24% at 2 years, with over
half the deaths related to aneurysm rupture. Chrostructive pulmonary disease (COPD)
was noted in 80% of the subgroup with rupttir8imilar studies in patients with small
infrarenal AAA have confirmed COPD as a significesk factor for rupturé® Cambria and
others followed a series of 57 patients with TAAGluding those who were not considered
operative candidates. The authors found that anrgsm >5 cm P = 0.05) and both COPD
and chronic renal failure were associated withutg® = 0.06)** Griepp and colleagues
studied 165 patients with TAAA who did not undesgogery, finding that about 20%
experience aneurysm ruptured. Significant riskdectincluded older age, COPD, continued
pain and aortic diameter. Patients with AD ruptuaedmaller aortic diameters than did those

with degenerative aneurysrifs.

Practice Statement: More research focused on the pathogenesis andallicare of patients

with isolated TAA is required>3?(Ungraded good practice statement)

5. THE THORACIC AORTA: ANATOMY AND CLASSIFICATIONS

A. Anatomy of the Thoracic Aorta

The thoracic aorta is divided into the aortic ras¢cending aorta, aortic arch, and
descending aorta. The size of the thoracic aod@ases from the root to the diaphragm with
an average size between 2 and 3 cm, and is appatedin0% smaller in women!?
Critically at risk during TEVAR are the multipleisjal cord branches that may be covered

by the endograft after emerging as dorsal branftbesthe intercostal arteries. These critical



branches collateralize as the anterior spinalyaded then travels along the axis of the cord.
Multiple vessels supply blood flow to the the spic@rd, including: 1) the subclavian and
vertebral arteries, 2) intercostal arteries, 3)dingreme intercostal artery of Adamkiewicz, 4)

lumbar arteries, and the 5) iliolumbar branchethefinternal iliac (hypogastric) arterigs>*

There are anatomic aortic arch variations. Thesati@ns often do not manifest
during childhood, but are recognized later in IN&ny of these variations are often
corrected in childhood if they are incompatiblehwat normal lifespan. The most common
anatomic variations is a “bovine” arch, in whichear more of the great vessels arise from a
common trunk. A second common variable, the aherrght subclavian arteryafteria
lusorid) arises distal to the left subclavian artery (L&A} travels posterior to the esophagus
to the right arm. The path of these aberrant &gezan vary in their relation to the trachea
and esophagus. Other common variants include anaabé SA, which often is seen in the
setting of a right-sided arch, a thyroidima bratidt arises directly from the aortic arch and
travels to the thyroid gland. Variations in thegimiof the vertebral arteries are also common
with the most common variation involving a vertéladery arising directly from the aortic

arch.

B. Classifications of the Zonesand Arch

The aorta can be divided into 11 zones, six of Whie in the thoracic aorta, which
are useful for describing the segment of the vemselthe potential branches that may be
covered or replaced during repdfidgure 1).° The utility of these zones in comparative
research is well described in the Society for VascBurgery Ad Hoc Committee on

TEVAR Reporting Guideline$.Zone 2 is the segment that includes the left swimh



artery, while Zone 3 is the considered the proxidegcending thoracic aorta. Zone 4 is the
straight portion of descending aorta. Zone 5 isségment of the descending thoracic aorta
that terminates above celiac artery. The remaiontidre aorta lies within the abdomen with
zone 6 involving the celiac aortgigure 1). Aortic arch anatomy also can be critical,

especially in the setting of a type IIl arth.

Practice Statement: Future publications and reporting of TEVAR managetishould

include classifications identifying the locationarfeurysms and presence/ absence of PAUs
with or without IMH, as well as the zones and ange to aid comparative studies for the
prediction of patient outcomes following intervemis.(Ungraded good practice

statement)

6. THORACIC AORTIC HISTOPATHOLOGY
A. Thoracic Aneurysm and Ather oscler otic Disease

The most common histopathologic feature in TAAl&s8c tissue fragmentation and
loss of smooth muscle cells resulting in the coltecof matrix material in the area of
disintegration. These medial degenerative chaagesariably associated with wall
thinning, loss of elastic and muscle fibers in dloetic media, accumulation of
mucopolysaccharide cysts between the fibers ansesutent wall expansion. Common risk
factors include hypertension and connective tisBsease. Atherosclerosis on the other hand
is typically characterized by intimal plaques comsgab of variable combinations of fibrous

tissue and lipid with calcification. Inflammationamifest by the accumulation of



macrophages and lymphocytes and their secretodupts contribute to the progression of

disease.
B. Aortic Vasculitides and I nflammatory Diseases

Inflammatory aortitis is characterized by the preseof inflammation of the
adventitia and medi&. Histologic findings may show thickened adventiti¢h infiltration of

adventitia and media with clusters of plasma aatld lymphocytes.

Takayasu (necrotizing) aortitis usually presentpasaortitis with granulomatous
inflammation and stenosis of the aortic arch asdrigjor branche¥. Initially, the
inflammation is around theasa vasorunand at the medio-adventitial site and advances int
the intima. Rapid and severe inflammation can teatie loss of smooth muscle cells, and
may advance to produce aortic arch syndrome, segiretanosis, occlusion, and/or
aneurysms. Disintegration of elastic fibers is prent as are reactive fibrosis and increased
ground substance within the intima. The histoldgttmark of Takayasu aortitis is
multifocal medial laminar necrosis rimmed by mad¢rages and occasional giant cells.
Quiescent, or “burnt out” Takayasu’s disease isadtarized by dense adventitial fibrous

thickening and marked medial fibrosis with losshe normal lamellar structure.

Giant cell arteritis is a systemic vasculitis cluéeazed by focal, transmural
granulomatous inflammation with giant cells, intirttackening, as well as infiltrates of
mononuclear cells, neutrophils and eosinopfiilEhis manifestation is called granulomatous
arteritis. The key characteristic of granulomatautsritis is the segmental spread of
inflammatory infiltrates, made up of T cells andtlacytes, that result in “skip lesions”. Both

Takayasu and Giant cell arteritis are large cedcuéitides that appear to the target of new



medical managements that include the use of tatdetdogics®’
C. Penetrating Aortic Ulcer, Intramura Hematoma and Dissection

Penetrating aortic ulcer (PAU) and intramural hemmaa (IMH) are a complex
spectrum of aortic disease that are each somewlgie) but are often an intertwined set of
pathologies. This document is not intended to e review of aortic dissection as it will

be reviewed in separate SVS guidelines.

Briefly, an atherosclerotic plaque can ulcerate @sdilt in a limited dissection or
PAU.® The ulceration penetrates the internal elastié¢iamesulting in hematoma formation
within the media. The plaque may precipitate alleed intramedial dissection associated
with a variable amount of IMH within the aortic Wakhich can spread into the adventitia,
forming a pseudoaneurysm or causing rupture. PAtggypically not aneurysmal, but can

occur concurrently or in the absence of an aoneuaysm, dissection or IMH.

IMH can also develop in apparent isolation in pagevith mild or no
atherosclerosis. Aortic IMH may represent a vara@rdissection, the so-call “dissection in
evolution”, and is characterized by the absenanahtimal flap, re-entrant tear or double
channel with false lumen. It is speculated thatvéea vasoruns responsible for IMH, with
elevated pressures in thiasa vasoruneading to rupture within the aortic wall.
Subsequently, progression and eventual ruptureth@antima might occur, leading to
typical AD. Recent studies examining thessa vasorunmave also suggested that hyperplasia
leading to chronic, occlusive disease within theiaaevall can lead to chronic medial
ischemia and degeneration. The complex patholagi&\Us and IMH have been well

described”*! and management decisions can often be complexdigeon the clinical



presentation and anatomic location, among otheoitapt factors.
D. Mycotic Aneurysms, Aortoesophageal and Aortobronchial Fistulae

A mycotic (or infected) aneurysm is defined asrdrdtious break in the wall of an
artery with formation of a blind, often sacculatpouching that is contiguous with the
arterial lumen. Controversy has existed as to xaetenechanism(s) by which primary
mycotic TAAs occur, as they may occur due to hegertious dissemination of
microorganisms, direct involvement of the intimaeatension from a nearby septic focus.
An intimal disruption, such as in atherosclerofaque, may be a site of bacterial lodgement,
and histological specimens have often demonstragatrophilic infiltration and
atherosclerotic change in the same aortic walleséing trauma or aneurysm may also
facilitate the onset of the infectious processtdtiathological findings consist of variable
elastic fibers degeneration, partial or completedn obliteration, compensatory fibrosis
with increased thickness of the aortic wall andyaecular chronic infiltrate. It is important
to exclude infection in all saccular TAA, as ~93%nyycotic aneurysms have this

appearance on CTX.

Aortoesophageal fistula (AEF) is a rare and posdigtiatal disorder that often
presents after rupture of an aneurysm into thehemmys. The main etiological factor
contributing to AEF is aortic disease with overflzdlcases being secondary to rupture of an
aneurysm of the DTA into the esophagus. Aortobr@idistula (ABFf* is also a rare, but
potentially life-threatening cause of hemoptysisaf adequately treated. In younger patients,
ABF is more frequently seen secondary to surgigaéir of congenital heart defects, and

aortic coarctation repair. However, most ABFs imiage from a descending atherosclerotic



aneurysm or pseudoaneurysm, which causes an emfdioa lung parenchyma or

tracheobronchial tree.

F. Coar ctation

Aneurysm formation can also develop in patients ¢éter surgical repair after aortic
coarctation as an infant and has been reportedrrerous patients, with as many as 7% of
patients developing “local” aneurysfisThese aneurysms may present as false, true or
dissectind®> Cystic medial necrosis is a common histopathckidieature observed in
coarctation specimens from surgery or autopsy. ptusides a pathologic basis for the
formation of aneurysms observed in these patidtes l@alloon angioplasty or repair.

G. Kommerél Diverticulum

This is a bulbous aortic dilatation that is an eyobwgic remnant of incomplete regression of
an embryological aortic arch and is usually locatedr near the origin of an aberrant
subclavian artery (ASAY Aberrant right and left subclavian arteries (iright-sided aortic
arch) are typically associated with a Kommerelkdiiculum. The right ASA can arise distal
to the LSA and crosses through the posterior mgdias behind the esophagus on its way
to the right upper extremity. The aberrant vesaslthe potential to cause a vascular ring
around the trachea and esophagus causing dys@rab@alsy of the recurrent laryngeal
nerve due to anatomical position. Aneurysms rarelglve ASA, but they are associated
with a high mortality rate if they rupture. Theki®r rupture or dissection is variable and
ranges from 19 to 53% in some of the case repdessé Surgical intervention should be
considered when the diameter of the diverticuluweeds 30 mm, and/or the diameter of the
descending aorta adjacent to the diverticulum ede86 mni°° Recent histological studies

demonstrated the presence of cystic medial nearogie diverticulum wall, which would



explain the reported high rates of aortic dissecéind rupture associated with these
diverticuli.

H. Tumors

Primary malignant tumors of the aorta are extremalg and exhibit enormous histologic
heterogeneity’ They have been described as three distinctive hadogic types:

intraluminal, intimal and adventitial. Most of tkases are sarcomas followed by malignant
fibrous histiocytomas. Although intra-aortic biggs possible, these tumors are rarely

expected or diagnosed before surgical exploration.

Practice Statement: There is a relative lack of high quality, loregsh evidence on the use
of TEVAR in the setting of arteriti¥ aortoesophage4land aortobronchidl fistulae,
coarctatiori,” Kommerell Diverticulun?* and tumors? Therefore, no strong
recommendations can be maHewever, it is recognized that there are numerous
institutional and database reports documentingiieeof TEVAR in these settingsikely,
especially in the setting of a ruptured thoracida association with these various
pathologies, TEVAR can play a lifesaving role. Hiyyahere is also likely an advantage to
TEVAR in the above-described pathologies in the-imbactious setting over the infectious

ones. Ungraded good practice statement)

7. DIAGNOSTIC EVALUATION OF THORACIC AORTIC DISEASE



Thoracic aortic pathology is increasingly foundaasincidental finding on studies
done for other indications due to the increasirgafcross-sectional imaging. Unlike
abdominal ultrasound for screening for abdominali@aneurysms, there is no low-cost
modality that can be used to image descending ¢iwamrtic pathology. Thus, there is more
reliance on the patient’s history, including familhistory, as well as physical examination to
guide the ordering of radiographic tests to scfeethoracic aortic disease. Genetic testing
lends further support for diagnostic imaging. T$estion will be dedicated to the diagnostic
evaluation of a patient with descending thoracitiapathology and also will discuss
specifics of the history and physical examinataswell as the preoperative workup for

patients prior to undergoing TEVAR.

Values and preferences.

The Committee acknowledges the lack of high-quaitience supporting specific
screening strategies: particularly as it pertanscreening intervals. The Committee placed
high value on preventing catastrophic vascular tsvend lower value on screening burdens

(including psychological burdens) and costs.

A. History and Physical Examination in the Evaluation of Thoracic Aortic Disease

History of the Patient’s lliness

The clinical history should be directed towardsed®ining if the patient is at
elevated risk for TAA and should receive furthagfiostic evaluation. Most patients are
older, with uncontrolled hypertension as a printdsk factor. In younger patients, the

clinical history should lead to an evaluation fecgndary causes of severe hypertension,



including the use of legal and illicit sympathomimelrugs, especially in patients with
syndromic and non-syndromic genetic defects predigig to aortic disease. Patients with an
inflammatory vasculitis, such as Takayasu disegia@t cell arteritis and Behcet arteritis,
should also be considered high risk for develodiAg. The history should also focus on
history of previous aortic coarctation repair dristory of significant blunt trauma to the
chest (especially those with a rapid deceleratijury). A detailed family history should be
taken to elicit a history of familial TAAD. The pasurgical history is carefully reviewed

with specific attention to prior procedures, inéhglinternal mammary artery to coronary
artery transposition, upper extremity arterial gahares, and hemodialysis access procedures.
The history should also focus on history of aovibve disease, recent catheterization of the
aorta and known TAA, especially in the ascendingaaand aortic arch. Patients may also
have symptomatology attributable to compressioadpdicent structures in the thorax, such
as dysphagia, shortness of breath or hoarsenessd¢b stretching of the recurrent laryngeal

nerves, especially in the setting of a large ocskar proximal DTA aneurysm.

Physical Examination

All patients should undergo a detailed physicaheixation designed to first detect
the presence of a genetic syndrome associatedAlithr TAA (e.g. Marfan, Loeys-Dietz,
Ehlers-Danlos or Turner Syndrome). It is well-knothiat these patients with genetic
syndromes have aneurysms in other anatomic locatéord thus palpation of the abdomen
and popliteal fossa for aneurysms should be anmeuygart of the physical examination.

The history and physical examination should alstobased on identifying other

factors, such as angina or COPD,that might predlidgatient from undergoing TEVAR



especially in the setting of general anesthesigsieal examination should also include a
pulse evaluation paying special attention to tles@nce of palpable femoral pulses for

potential access sites to deliver the TEVAR.

Diagnostic Studies and Imaging in Symptomatic Pétie

Recommendation 1: In patients considered at low or intermediate foska thoracic aortic
aneurysm based on their history and physical exatiim, we suggest chest X-ray as the first
radiographic test, as it may identify an alterrdisgnosis for symptoms and may obviate the
need for additional aortic imagingevel of recommendation: Grade 2 (Weak), Quality of

Evidence: C (Low)

Recommendation 2: In patients considered at high risk for symptom@#a or acute aortic
syndrome, we recommend urgent imaging, usually GhetpbTomography Angiography
(CTA) due to its speed and ease of use for preatiperplanning. Magnetic resonance
angiography (MRA) and transesophageal echocardgbgr@rEE) are also adequate for
screening to identify thoracic aortic pathologyt bave limited applicability in certain
scenarios (discussed further belolsgvel of recommendation: Grade 1 (Strong), Quality

of Evidence: B (M oder ate)

Implementation remark: The choice of a screening diagnostic study shbalbased on

what is immediately available at that institution.



Practice Statement: If there is a high clinical suspicion for an acatetic process and the
initial study was negative, a second imaging study be considered while alternative

diagnoses are further explorédngraded good practice recommendation)

C. Preoperative Workup in Patients Under going Open Surgical and Endovascular

Repair

The pre-operative cardiac assessments should fttlewgeneral recommendation of the

ACC/ AHA guidelines?®

Emergent or Urgent Repair

In the presence of thoracic aortic disease withungp preoperative imaging should be
adequate to evaluate whether the patient’s anai®@ayenable to endovascular repair or not.
This typically consists of CTA of the chest, abdonaad pelvis (from above the clavicles to
the femoral heads) to evaluate the proximal antidsgal zones and evaluate for vascular
access options. If coverage of the left subclaaidery is planned, CTA through the head
and neck is useful to determine the anatomy of/éneebral arteries. In addition,
identification of blood or effusions in the thoradavity may suggest that the lesion to be
treated is acute in nature. CTA may also be usefiile setting of an AEF or ABF in order
to determine the best way to approach the patimhtlatermine additional interventions (i.e.

esophagectomy, lung resection) that may be needed.

Elective Repair




Preoperative evaluation in the elective settingseia of cardiac risk stratification
and includes weighing of the patient’s inherentickl risk with the risk of surgery. This
algorithm is well detailed in the 2014 ACC/AHA Gelthe on Perioperative Cardiovascular

Evaluation and Management of Patients Undergoing-Sardiac Surgery?

Assessment of Left Ventricular Function

Recommendation 3: For elective TEVAR cases, we suggest assessmégft gentricular
function by transthoracic echocardiogram in a patreith dyspnea of unknown origin or in a
patient with known congestive heart failure withraening dyspnea.eve of

recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)

Additional Testing

Practice Statement: While there is little supporting data, when tryilogdetermine whether
a patient is an open TAA repair or TEVAR candidatpatients with severe COPD, the
Committee recommends considering pulmonary fundesting (PFT) preoperatively in an
attempt to determine baseline pulmonary functispeeially if general endotracheal
anesthesia is being considered, to determine fiskrdilator dependency postoperatively,
and to ultimately guide the choice of anesthestaégal vs local anesthesid)ngraded

good pr actice statement)



8. RECOMMENDATIONSFOR IMAGING THE DESCENDING THORACIC

AORTA PRIOR TO TEVAR

The goal of this section is to review commonly &iale aortic imaging modalities
and their respective benefits. The most criticadliings and clinical suggestions for

optimizing image evaluation will be presented.
A. Chest Radiography

Chest radiographs are particularly prone to obsenval and interpretive errors. A
study analyzing common diagnostic errors, includingic pathology, in radiology found
that 44% of errors occurred when interpreting pfam radiographs, with 49% of these

involving chest radiograpté:>®

A large aneurysm alters the normal transverse dsioarof the mediastinum, and
blunts the normal interfaces. Proposed radiogragiitieria for a widened mediastinum
include a mediastinal width greater than 8 cm oregliastinal to thoracic width ratio of 0.25
or greater. Other findings include a left apicapt, fluid in the left hemothorax from a
ruptured aneurysm, widening of the left or rightgspinal line or right paratracheal stripe, an
effaced aortic contour, anteroposterior window d@jpeEation, tracheal deviation, left
mainstem bronchus depression, and deviation ofagastric tube to the right of the T4

spinous proces§®®

TAA are typically located in the posterior mediagsm and associated with the
cervicothoracic sign. This sign is based on tlee thaat the anterior mediastinum does not

extend above the clavicles. Therefore, any medialsthass extending above the level of the



clavicle with sharply defined borders delineatedabyair-soft tissue interface is located in

the middle or posterior mediastindfh.

Practice Statement: The primary role of chest radiographs in the workfipcute aortic
syndromes is the exclusion of other diagnoses.&stctadiograph may be completely normal

despite the presence of PAU or IMiNn@raded good practice statement)

B. Computed Tomography Angiography

CTA is the most widely utilized modality for defive diagnosis of aortic pathologies and
has become essential for planning aortic intereasti especially when used in conjunction
with post-acquisition image processing and 3-dirarad reconstruction software. This
limits radiation exposure and intravenous contugstsince thoracic aortic pathology. The
CTA should also include the femoral and iliac ae®ras well as the abdominal aorta in
addition to the neck and ch&5Advances in imaging techniques, including ECG g&&a,

have been demonstrated to decrease the risk obmatiifact in the thoracic aortd’

Recommendation 4: If TEVAR is being considered, we recommend finé (@ess than or
equal to 0.25 mm) CTA of the entire aorta, as @&slthe iliac and femoral arteries. CTA of
the head/neck is also needed to determine theragaibthe vertebral arteri€®*L evel of

recommendation: Grade 1 (Strong), Quality of Evidence: A (High)

Pixel spacing for modern CTA is submillimeter (05 mm) with a typically used

slice thickness of around 1 mm depending on scagperand manufacturer. Routine CT



scans are often performed in 3-5mm cuts, but 3Dntey for endovascular intervention is
best done with <2mm cu®é Given the acquisition method on most modern CTéigment,
images can often be reformatted to thinner cutseiforiginal data set is still available to do

SO.

Ideally, CTA should provide aortic opacificatie250 Hounsfield Unit (HU) range at
minimum,>300 HU uniformly being ideal. There is tremendausitutional variation in
how this is achieved. There is further variati@sdd on the patient’s body habitus, cardiac
output and whether a test dose of contrast vemsiusfiracking software is utilized. In
general, fast injection rates and high concentnatif iodine are the general principles that
allow for high-quality imaging. A reasonable esttes that a total of 60 to 140 mL of
nonionic iodinated contrast can be injected at@a o4 to 6 mL/second. This high injection
rate necessitates a power injector, preferably arnitli8-20-gauge intravenous line, usually in
the antecubital fossa. Central lines are not delgras they result in artifacts and make

timing of the contrast bolus in the thoracic aatallenging®*®°

Multi-planar reconstructions (MPR) allow the a&otd be simultaneously visualized in
coronal, sagittal and axial planes. This allowsafonore nuanced understanding of the
location of branches, aortic curvature and predsetification of seal zones. Centerline
reconstructions are utilized to determine exadbadises between branch arteries and the
length of the thoracic aorta can be measured dsTed diameter of the aorta can be
precisely determined with centerline measurements@rs of parallax caused by curvature

are virtually eliminated>®®



Recommendation 5: We recommend routine use of three-dimensional damge
reconstruction software for accurate case planaijexecution in TEVARL evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

C. Magnetic Resonance Angiography

MRA is not utilized for routine management of thocaaortic pathology primarily
due to the speed and availability of CTA, as welease of interpretation. However, MRA
can provide morphologic and blood flow informatiwrthout utilization of iodinated contrast
or radiation exposure and therefore can play amortapt role in the management of the

thoracic aorta.

Traditional methods for non-contrast MRA, suchiagetof-flight sequences, are
being replaced by newer techniques, such as spin-aud steady state free precession
(SSFP) sequenc@8These provide high spatial resolution, but arétéchin their
characterization of the aortic wall. Artifact ca@ present from embolization coils or from

certain stent graft metallic components.

Contrast enhanced-MRA is typically performed whk sdministration of
gadolinium, which is administrated intravenouslingsa power injector, with a dose of 0.1
mmol gadolinium/kg body weight. Images are acquiétt a T1-weighted 3-D spoiled
gradient-recalled echo (SPGR) sequence, usuallggibreath-hold. As with CTA, the
relationship between contrast administration anaigenacquisition is crucial. The source

images can be reformatted in multiple planes wigximum intensity projections (MIPs) and



volume rendering, and a 3D centerline reconstraatem be generated using the MRA

datasef®’?

Recommendation 6: We suggest contrast enhanced MRA for pre-operataening for
patients with severe iodinated contrast alletgguel of recommendation: Grade 2 (Weak),

Quality of Evidence: C (Low)

D. Intravascular Ultrasound (1IVUS)

IVUS has become an important adjunct in the ensimyar treatment of the thoracic aorta.
The presence of thrombus, calcifications and podicawall integrity can also be seen in the
setting of PAUs. IVUS adds significant value whezating TAA by reducing intraoperative
contrast and radiation use. It also allows for peemtraoperative measurement of distances
and diameters of the aorta, adding to the preoper&TA measurements, especially in

angulated aorta$:”

Recommendation 7: We recommend IVUS use in TEVAR for TAA to assesgllag zones
when cross-sectional imaging is of poor qualityp@e detailed evaluation of landing zones
or branch vessel origins are needed, or if a deergacontrast use is desiréavel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oderate)

9. PERIOPERATIVE MANAGEMENT AND OPERATIVE DECISION MAKING



A. Perioperative Medical M anagement

Medical management of patients with thoracic aattsease has been thoroughly
described. This includes control of hypertension, statin #psylipid optimization, and
smoking cessation. Medical therapy using antingpesive agents is widely used as a first
line treatment in patients with aortic patholdglood pressure control is based on anti-
impulse therapy to limit the ventricular ejectiarde and the aortic wall stress, and is
especially important in cases of symptomatic ar@uasyor acute aortic syndromes. The goal
of therapy is to reduce the systolic blood pressutess than 120 mm Hg and the heart rate
to less than 60 beats/min when possible beforéngland after TEVAR (see exceptions
below in Recommendations for Spinal Cord Protegtidrhis is usually achieved with
intravenous beta-blockers (or alpha/beta blockesd)rst line therapy. For patients who do
not respond to or are intolerant of beta blockeaium channel blockers, and/or
angiotensin converting enzyme inhibitors/blockeas be used as alternatives or
complementarie&’

For patients with dyslipidemia, treatment with atist to achieve a target LDL
cholesterol of less than 70 mg/dL is reasonablenaawglbe helpful in controlling the
progression of aneurysm&Counseling for smoking cessation, reduction ofiremmental
tobacco exposure, referral to special programsdgnitive behavioral therapy, initiation of
pharmacotherapy or, preferably, multimodal managernweachieve complete tobacco

abstinence, is recommended for patients who haieaobacco use or exposure?

Recommendation 8: As hypertension is a modifiable risk factor for ttevelopment of

aortic aneurysms and is associated with acceleeatgt growth and rupture, we



recommend that blood pressure be managed to thezeadte of the ACC/ AHA guidelinés.

L evel of recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 9: We recommend interventions for smoking cessatiquatrents with
thoracic aortic pathology, as even passive expasaneincrease the risk of aortic rupture.

Level of recommendation: Grade 1 (Strong), Quality of Evidence: A (High)

B. Open Repair versus TEVAR for Thoracic Aortic Aneurysm

Until recently, surgical management for electiveAT&equired major open surgery
with a significant risk for perioperative morbidig;nd mortality. Centers of excellence report
impressively low mortality and spinal cord ischemates in elective cases of 4.8% and
4.6%, respectively? In tandem, the mortality after open surgical et ofruptured TAA
in highly specialized practices has been repordzktclose to 26%5. In contrast, the overall
mortality rates in the U.S. for elective, open iep& TAA is approximately 2293,
highlighting the effect that surgeon/center expergehas on overall outcomes of these
patients. However, data have consistently dematestithat TEVAR of isolated TAA is a
safe alternative to open surgery and is assocwitibda substantially lower morbidity and
mortality, and a shorter hospitalizatitat> It is important to recognize that large studies
designed to evaluate the long-term (greater thgeabs) outcomes are only recently
becoming availabl& Only one small series of thoracic PAU showed @il benefit to
TEVAR due to a similar long-term survival (~50%te years in both groups), with lower

morbidity in the TEVAR group, despite being dongatients with a higher number of



preoperative comorbiditi€s.In addition, only recently has there been an gitamestablish
a risk scoring system specifically developed talmtemortality in patients undergoing
TEVAR 2%

A Cochrane Review compared thoracic stent gratiingpen surgery for TAA and
concluded “though stent grafting of the thoracid@ags technically feasible and non-
randomized studies suggest reduction of early agventcomes, such as paraplegia,
mortality and hospital stay, high quality randondiz®ntrolled trials assessing clinically
relevant outcomes including open conversion, arsgargxclusion, endoleaks and late
mortality are needed®®° In addition, while there are no randomized, cdfetbprospective
trials comparing open and endovascular TAA repadl l&kely never will be, industry-
sponsored trials and registry datalfle 1) suggest clinical equipoise in centers experienced

in both technique®83-86.90-99

Recommendation 10: In patients who could undergo either techniquehiwithe criteria of
the device’s IFU), we recommend TEVAR as the preféapproach to treat elective DTA
aneurysms given its reduced morbidity and lengtst@y, as well as short term mortality.

Level of recommendation: Grade 1 (Strong), Quality of Evidence: A (High)

C. Indicationsfor Repair

TEVAR for TAA

Untreated 6.0 cm TAA have a 5-year survival of 54%lding a 3.7% per year risk

for rupture, and a risk of dying of ~12% per yE&r* A prospective database of more than



1600 TAA and AD found that an aneurysmal thoraoitagrows an average of 0.10 cm per
year (0.07 cm for the ascending aorta, and 0.1%cithe DTA)? *®|n saccular aneurysms
which may have a higher risk of rupture, TEVAR nieyjustified at a diameter less than 6.0
cm even though high quality data is not readilyilabée. Data suggesting that lower
thresholds for repair in DTA in females is also resdily available as aneurysm disease in
the thoracic aorta is rarer than in the abdomiogtiza When making treatment
recommendations, the patient’s overall medical @myand risk profile should be
considered. For patient’s at higher risk for elextepair, a larger aortic diameter threshold
may be more appropriate when considering their eéegdesurgical complication rate. In
addition, data are lacking regarding rapid aneurggpansion and what size threshold over
time is considered accelerated growth. Therefo®/AR based on “rapid expansion”
should be individualized and should take into aotdlie co-morbidities of the patients, their

expected longevity, as well as risk factors fooarmoutcome following TEVAR.

Recommendation 11: We recommend TEVAR in asymptomatic patients witteacending
TAA when the maximum aneurysm diameter exceedsrb.t “low risk” patients with
favorable aortic anatomy.evel of recommendation: Grade 1 (Strong), Quality of

Evidence: B (Moderate)

Recommendation 12: We suggest using higher aortic diameter threshHold§EVAR in
patients deemed to have a particularly high-risdlesith, renal failure or paraplegia from the
procedure, where the benefit of treatment is Iailvan the risk posed by the natural history

of the TAA.Level of recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)



TEVAR for IMH and PAU

As mentioned previously IMH, PAU and aortic disg@ttmay be similar disease
processes along a spectrum of aortic patholograsag occur in isolation and therefore a
discussion of the use of TEVAR for dissection Wil undertaken in another SVS document.
Patients with asymptomatic, acute IMH may oftenmamaged conservatively with optimal
medical therapy in an intensive care setting. Adicay to a contemporary systematic review
of 925 patients with IMH, the predictors of complions include persistent pain,
hemodynamic instability, maximum aortic diameteb>4m, IMH wall thickness >10 mm,
presence of ulcer like projections, pleural effasis hemomediastinum and periaortic
hemorrhagé? The 3-year aortic related mortality was 5.4% witedical treatment, 23%
with open surgery and 7.1% with endovascular thet¥Due to the dynamic nature of IMH
and its association with AD (“aortic dissectiorewolution”), close observation and

hypertension control with follow-up imaging is wanted.

Recommendation 13: Due to the dynamic nature of isolated IMH and ieWwn association
with AD, we recommend close observation and hyperta control with follow-up imaging
as the initial management of patients with asymgatticriMH. L evel of recommendation:

Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 14: We recommend TEVAR in patients with IMH and/or PAlio have

persistent symptoms, complications or show evidefcksease progression on follow-up



imaging following a period of hypertension contiioével of recommendation: Grade 1

(Strong), Quality of Evidence: B (M oder ate)

The natural history and indications for repair atipnts with PAU are controversial,
but have been found in one series to grow 2 mmiyedueir maximal aortic size and length,
while only growing an average of 1.2mm/year in 4éft The presence of symptoms, an
associated IMH or an increase in pleural effusiopear to be risk factors for
complication€® ®*Treatment with TEVAR is indicated for patients wre symptomatic
despite best medical therapy or have an increagkeural effusion. The threshold for
intervention for asymptomatic patients is also oorgrsial. According to one study, PAU

depth >10 mm and diameter >20 mm are risk facmrgriogressive diseas¥’

Recommendation 15: We suggest TEVAR in selected cases of asymptorRétid who
have at-risk characteristics for growth or ruptlrevel of recommendation: Grade 2

(Weak), Quality of Evidence: B (Moder ate)

Practice Statement: In the absence of clear and widely accepted pams)ghe decision to
intervene in asymptomatic patients with IMH and BAdhould be individualized.
Asymptomatic patients treated for PAUs in the sgttf a maximal aortic diameter less than
5.5 cm or with PAUs less than 10 mm deep/ and 20 fnm in diameter needs further study.

(Ungraded good practice statement)



TEVAR for Infected Thoracic Aortic Aneurysms

While the use of TEVAR to treat infected aorticlpdbgies has often been reported
in single or small case series, there is no comvinlong-term data to fully support it as a
definitive therapy. Although TEVAR can be very effiee when used to temporize ruptured
infected TAA or life-threatening fistula with a halv organ (ie aorto-esophageal and aorto-
bronchial fistula), patients with this clinical gentation have a high morbidity and mortality
regardless of the subsequent management strated§ TEVAR may offer a more durable
repair if the endogratft is pre-treated with antili®, such as rifampin but there are very

limited data in widely disparate clinical scenari®s'%%1°

Recommendation 16: We suggest TEVAR for symptomatic mycotic/infectedlATas a
temporizing measure, but data are lacking demansgreong-term benefit evel of

recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)

D. Choice of Anesthetic and Monitoring Techniques

Anesthesia

It is technically feasible to perform TEVAR proceeds percutaneously under
monitored anesthesia care with local anesthieéSiamong other benefits of avoiding general
anesthesia local anesthesia may theoretically dlboweurological evaluation of the

patient’s lower extremitieSs=



Arterial lines, large bore venous access, and cespimal fluid (CSF) drains are
placed prior to TEVAR. Choice of the necessitydach of these depends on the complexity
of the repair, risk of spinal cord ischemia, tharpled duration of the procedure and the
likelihood of significant blood loss. Other adjtine techniques performed during TEVAR,
such as somatosensory and motor evoked potentiateoniog (SSEP and MEP,
respectively), rapid arterial pacing or pharmacmlally-induced hypotension may be

utilized as well.

Practice Statement: Comparative, high quality data regarding theafdecal anesthesia
versus general anesthesia during the performantEWAR is lacking and typically is

physician/ hospital dependefitingraded good practice statement)

Spinal Cord Protection

SCI can be a devastating complication that proftpuimipacts the benefit of the
procedure given the higher risk of mortality ibitcurs. Although up to 70% of patients will
have some functional improvement after sufferind, 8@ly 38% are reported to return to
normal function** Those patients who do not have functional improsenhave an abysmal

prognosis, with as high as 75% mortality at one.y&d*

Given these poor results after SCI, a number @fgumtion strategies have been

employed to mitigate risk, including maintenancé.8AA and hypogastric paten'cy, staging



strategies for long segment aortic covetdy@rophylactic CSF drainage, anemia
prevention, permissive hypertension, steroid arioxome therap¥’, burst suppression,
permissive hypothermia and hyperoxygenation therijmgt successful centers employ a
multimodal and systematic approach to SCI preventiith detailed protocols on
management of spinal drains, multidisciplinary ctioation, and rescue procedures for those

presenting with delayed SEF

Techniques for spinal cord protection after tharamrtic surgery have evolved
significantly over the last four decad88 Paraplegia after TEVAR limited to the DTA is
uncommon (<5%) when compared to open aneurysmrrefespite the observation that
TEVAR invariably covers intercostal branches. Tiighlights the fact that the etiology of
spinal cord injury (SCI) after open and endovascadpair is multifactorial and not simply
related to cessation of intercostal artery perfusitowever, there are data demonstrating
that increased aortic coverage leads to a highkiofispinal cord injury, supporting the
notion that the intercostal arteries are in facinaportant source of spinal cord perfusign.
Of note, protocols are published describing thememinteraction between mean arterial

pressure and spinal cord pressiife.

SSEP and MEP permit continuous monitoring of theaord’s function, assist in
the early detection of SCI and are popular techesqised in high-risk cases during open
TAA repair or when patients are undergoing branthatestrated endovascular aneurysm

repair?**?*They are rarely used in the setting of simple TRVA

Indications for prophylactic CSF drainage cathptacement during TEVAR are

controversial, and CSF drains should be used gsamd part of a multi-modal protocol to



reduce the risk of SCI. Some authors recommendtsedeCSF drain placement for only
high-risk patients, while others perform CSF diglicement preoperatively routinéfR1%
Risk factors for SCI after TEVAR include lengthaurtic coverage (especially when in
excess of 15 cm of the DTA) and the existence fodianal aortic pathologt?° In addition
to these anatomical risk factors, chronic rendlifaimay also be an important risk factor.
According to one systematic review, the incidenc8@I after TEVAR with and without
prophylactic CSF drain placement was 3.2% and 3r&%pectively? In contrast, a 2016
systematic review of the use of lumbar drains iaropnd TEVAR (including 3 randomized
trials) concluded that spinal drains prevent e&@} with OR 0.48 (95% CI1 0.30-0.76;
P=0.002), an absolute risk reduction of 4.5% andber needed to treat of 23 in favor of

CSF drainagé?®

There are many differences in institutional protedor CSF drain management,
varying widely from where to level the drain (edndoor spinal exit site), draining to a target
pressure versus to a target volume, what the Ing@spiessure should be and the units
(centimeters of water or millimeters of mercuryyldhe maximum amount of fluid that
should be drained (per hour, per 4 hours or pey wegvoid intracranial bleeding or

herniation.

Other adjunctive methods of SCI risk reductioriude the use of routine Narcan and
steroids, avoidance of long-acting narcotics, amaidglobin management strategies, which
vary across centef$3*%°An often-utilized hemoglobin target is >10mg/dkpecially for
patients who have developed SCI symptoms. Resatequis also exist, which include a

further increase in systemic blood pressure to riifi(Hg, a drop in the CSF drain pressure



(often 5mm or 7mm of Hg), transfusion to a targanbglobin of >10mg/dL,and the use of

steroidst®!

Recommendation 17: We recommend increasing perfusion pressure viaated
hypertension (mean arterial pressure of greater @ as a component of a spinal cord
protection protocol in patients at high risk of Sitie to extensive coverage length (>15cm),
poor hypogastric perfusion (occluded or signifibastenosed hypogastric arteries),
coverage of important collaterals (subclavian/hygstigc arteries). evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 18: We recommend prophylactic CSF drainage for SClgatain in
TEVAR cases that are deemed high-risk (coveringresive length of descending aorta,
previous aortic coverage, including EVAR or openArepair, compromised pelvic
perfusion with diseased or occluded common or iatiefiac arteries, disease or occluded
vertebral arteries, planned left subclavian arteyerage, or deemed high risk by the
operating surgeon).evel of recommendation: Grade 1 (Strong), Quality of Evidence: B

(Moderate)

E. Management of the L eft Subclavian Artery, and Vertebrobasilar System

An adequate proximal landing zone requires coveodgjee LSA in 26% to 40% of
patients undergoing TEVAR**¥|n the first U.S. TEVAR regulatory trigf, all patients

underwent prophylactic LSA revascularization ptiT EVAR if the operative plan called



for LSA coverage. Guidelines on LSA revascularimativere published in 2009 by the SVS,
yet there remains variability in this practice withntinued debate on the indications for
revascularization®* Some surgeons perform revascularization routirsglgne selectively
and some only perform LSA revascularization if syomps occur after TEVAR****There
are four major concerns with coverage of the LSBI, Stroke, arm ischemia and

vertebrobasilar ischemia.

1. Spinal Cord Ischemia

Understanding the anatomy of the LSA branches laadtitical anterior spinal artery is
important as the former provides inflow into thé#dathrough multiple pathways. There is
general consensus that patients with focal patiedognd treatment with shortetl6 cm)
stent grafts®**?Data from the EUROSTAR registry, one of the latgesies with specific
attention to TEVAR and anatomy, demonstrated raft€XCI| and stroke as high as 8.4%
when there was LSA coverage without revasculanrmatompared to 0% in those patients

who underwent prophylactic LSA revascularization@®49)***

After reports of lower SCI rates in experimensaquential and progressive
embolization of spinal vessels in animal motf&/snany have advocated for staging the
coverage of large segments of the aorta to alleypfeconditioning, or even purposeful

spinal artery embolization prior to extensive TEVAR

2. Stroke



The incidence of stroke during and identifieceafEVAR for TAA generally ranges
from 3.2% to 6.2%® and may be lethal in one third of these caddowever, this range
may vary according to the indication for TEVAR. écent meta-analysis of the Cook-
sponsored multi-center trials demonstrated everlaates in certain populations of patients
with a 30-day stroke rate of 0% in the 56 pati¢rgated for PAU. It was also only 2.4% in

the 329 patients treated for TAA?

There is published consensus that coverage of $idei& associated with higher risk
of stroke with TEVAR, despite the fact that theok& may not always be in the posterior
circulation. A series of 285 TEVAR patients showedt coverage of LSA was associated
with an 11% stroke rate compared to 3% when itnasovered?*! The current debate
centers on what interventions may reduce this Aglproaches to prevent stroke include
careful manipulation of wires and catheters nearctrotid vessels, denitrogenation devices,
accurate imaging and positioning of devices, rautiBA revascularization and a thorough
understanding of each patient’s arch and cerebatbany. A systematic review of 27
studies, found a stroke rate of 5.6% associateu W8IA coverage and a reduction to 3.1%
with LSA revascularization (not statistically sifioant)1*? In the MOTHER registry of
1,010 TEVAR patients, stroke was 2.2% without cagerof LSA, 9.1% with coverage and
no revascularization and 5.1% with LSA coverage ravdscularization, supporting routine
LSA revascularization*® The largest systematic review and meta-analysipats these
findings. A review published in 2017 evaluated ith@dence of stroke in 2,594 patients
treated with TEVAR and found the incidence in patsevhere the LSA was uncovered was
3.2% (95% CI 1.0-6.5). When the LSA was coveretiyévascularized, the stroke rate was

5.3% (95% CI 2.6—8.6) compared to 8.0% (95% CI #219) when the vessel was covered



without revascularizatiohi"* Despite these data, selective LSA revascularizatimtegies
are not embraced by some due to concerns for gimigrthe procedure, complications of
revascularization operations and a perceptionghaénts at elevated risk for subclavian

artery ischemia can be identified ahead of tiffie.

There are two scenarios where LSA revascularizaimuld always be considered to
reduce perioperative stroke, even in “selectivgdrapches: most concerning, when a non-
revascularized vertebral artery ends in the pastarferior cerebellar artery, which would
risk causing inadequate flow through the Circl&\bllis into the posterior cerebral
circulation!*® Additionally, when a dominant left vertebral aytés present (66-75% of
patients) in the presence of an absent, atretiiseased right vertebral artery, non-

revascularization of the LSA increases the riskpfosterior cerebral ischemia.

3. Arm Ischemia and Vertebrobasilar Insufficiency

Left arm ischemic symptoms may range from noneftargkly threatened limb. Special
consideration should be given to LSA revasculaiomeand left arm perfusion in patients at
risk of coronary ischemia due to a prior left im@&rmammary (LIMA) to left anterior
descending artery coronary bypass graft, as wel@se with existing arteriovenous fistulae
in the left arm. Although flow reversal in the \alstal artery is common after LSA coverage,
most patients are asymptomatic from this hemodyog@miturbation. However, some may
suffer from subclavian steal syndrome and symptmwattebrobasilar insufficiency
manifested as syncope, diplopia or vertigo. Inc@mé series, upper extremity ischemia
occurred 12-20% of the time after LSA coveragdialgh less than 40% of patients with

symptoms of arm ischemia underwent delayed LSAsevarization-*’***Because



presentation of ischemic symptoms of the arm isroftelayed, with time to presentation
ranging from 2 days to 26 months, revascularizatemtypically be addressed on a less

urgent basis.

Additional Considerations

The Knowledge and Encounter Research Unit perforanggstematic literature
review and meta-analysis relating to the effedt®A coverage on the morbidity and
mortality of patients undergoing TEVAR® This analysis found that coverage of the LSA
without revascularization compared to with revagambtion was associated with trends
toward increased risk of SCI (OR 2.69; 95% CI| 09768), anterior circulation stroke (OR
2.58; 95% CI 0.82-8.09), arm ischemia (OR 47.7; 9598.9-229.3), and vertebrobasilar
ischemia (OR 10.8; 95% CI 3.17-36.7). More databdeen published since 2009, such as a
large single center series where the combinedestimkraplegia and death rate comparing
LSA revascularization to coverage alone is a stld%vs. 27.9%, p<0.001>°Additional
findings from a 2017 report revealed a higher 3@steoke rate in cases where the left
subclavian was covered, when compared to whenstrerssascularized (14.3% vs. 1.9%,
respectively; P=0.02Y"* The consistent nature of these findings (includingther recent
meta-analysis mentioned ab&¥¢ all support elective LSA revascularization to &vthe
risk of stroke and/or paraplegia. Certain limitas@ersist in the observational nature of
these data, and include heterogeneous patientsguent and inconsistently defined

outcomes of interest and underpowered studies el@datpbases often exclude specific



populations, such as trauma patients, or do nduoapnatomic variables or staged LSA

revascularization®?

LSA surgical revascularization is typically perfued with a left carotid-subclavian
bypass, subclavian to carotid transposition, ootadaxillary bypass, with similar patency
(84%-96% at 5 yearsy>*% *>¥or each technique. Occasionally, when the lefteleal
artery arises directly from the arch or is veryxpnzal on the LSA, a separate vertebral
transposition or bypass is necessary. A transposisi relatively contraindicated when there
is coronary artery bypass from the LIMA, as thisndocause myocardial ischemia during
subclavian artery clamping and, potentially, diffitees mobilizing the LSA cephalad if it is

tethered by the LIMA graft.

Complications of LSA revascularization, specifigatl the setting of TEVAR, have
been studied. From the recent systematic revieawterall incidence of phrenic nerve
injury was low at 4.4% (95% Cl, 1.6% - 12.2085)Woo et al. examined 42 patients
requiring LSA revascularization (5 transpositioB8,bypasses), and only one patient (2.4%)
developed a phrenic nerve pal§yZzamor et al. reported 23 patients who underwer LS
revascularization (21 transpositions, 2 bypasses) @ TEVAR, and had 2 (8.7%)
occurrences of vocal cord paralysis, one of whesolved spontaneous!y, Wound
complications, such as hematoma, lymphatic leakdisgkction, have also been report&d.

A series of 101 LSA revascularizations had a reddyihigh rate of permanent nerve injuries
(9%), along with a 6% lymph leak rate, requiringtdiry modification alon&® Despite these

complications, the series reported only a 2% is¢bestnoke rate and 0% SCI after TEVAR.



Despite a net benefit of reduction in SCI and stfgkthese complications certainly
compromise the effectiveness of TEVAR. Off labedl @merging technologies offer the
potential to reduce the complications of LSA suagrevascularization. For well over a
decade, various techniques have been describeetfograden situ graft fenestration and
stenting where the TEVAR graft is punctured witheedle or laser, dilated and a covered
stent is inserted to bridge from the fenestratithe LSA**'*°although the impact of these
technigues on the durability of the graft is unkmowhimney or double barrel stents have
also been described, which involve deploying a cedatent in the LSA concomitantly with
a thoracic stent graft, preserving flow into theAL¥**®?More recently, TEVAR grafts with
a branch for the LSA have been developed and direeBcbeing evaluated in clinical
trials 1°3*®*Industry sponsored trials of fenestrated and Wraddlistal aortic arch
endografts, as well as multiple case reports ofdroade or physician modified endografts,

will likely change the approach to revascularizatod the LSA in the future.

Recommendation 19: For elective TEVAR for a TAA where coverage of tHA is
necessary for adequate stent graft seal, we suggEgterative or concomitant LSA
revascularization. evel of recommendation: Grade 1 (Strong), Quality of Evidence: B

(Moderate)

Recommendation 20: For patients where the anatomy to be treated camipes perfusion
to vital structures (see below), we recommend L&#scularization. evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)



Examples of these circumstances include:

- Presence of a patent LIMA to coronary artery bygma$

- Termination of the left vertebral artery into thasgerior inferior cerebellar artery

- Absent, atretic or occluded right vertebral artery

- Patent left arm arteriovenous shunt for dialysis

- Prior infrarenal aortic operation or EVAR with prewsly ligated or covered
lumbar and middle sacral arteries.

- Planned extensive coverage (>15cm) of the desceitldaracic aorta

- Hypogastric artery occlusion or significant occligsdisease

- Presence of aneurysm disease in the young patibete future therapy

involving the distal thoracic aorta may be necessar

Recommendation 21: For patients with acute thoracic emergencies, WhEMAR is

required urgently and coverage of the LSA is neargsd is suggested that revascularization
should be individualized and addressed based opatent’s anatomy and urgency of the
procedurel evel of recommendation: Grade 2 (Weak), Quality of Evidence: B

(Moderate)

F. Renal Protection Strategiesfor TEVAR

Acute kidney injury (AKI) occurring during hospitzhtion or after surgery has one
of the highest risks of predicting mortality, esjpdlg if the AKI progresses to dialysis. When

AKI occurs after TEVAR (~10-15%), it increases thds ratio of death to almost 10 even



without a need for dialysi€>**®Many risk factors for AKI are associated with pats
undergoing TEVAR (advanced age, chronic renal fajldiabetes, congestive heart failure,
exposure to injectable contrast dye, blood losgpnsargery) and possibly embolic injury

from endovascular manipulation within the aorta.

Importantly, contrast-induced nephropathy (CINthis third leading cause of AKI in
hospitalized patients. While plagued with incoresistdefinitions in the literature, its
incidence varies between 5%-25%. Factors consigteimbwn to increase CIN risk include

age, diabetes, previous renal disease and escpifties of contrast?®°®

Strategies reported to prevent CIN are also mdryadconsistent reporting standards
and patient risk factof¥ *®®include: use of IVUS, minimizing the amount of t@st
utilized during the operation, pre-hydration witbrmal saline (effectively increasing the
volume of distribution of intravascular contrastid the use of non-ionic, iso-osmolar

contrast agent€’"°Research on pretreatment with statins is evol¥ihg.

Recommendation 22: We recommend pre-procedural TEVAR planning to idelgizing
and landing sites before the case to minimize ghaed contrast use. If available,
intraoperative CTA overlay technology and IVUS dlddee used to minimize use of
contrastL evel of recommendation: Grade 1 (Strong), Quality of Evidence: B

(Moderate)

Recommendation 23: We recommend non-ionic, hypo-osmolar contrast aitempts at
minimizing intra-arterial contrast use, especiatlyatients at high risk for CINLevel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)



Recommendation 24: Depending on the patient’s corporal density andctacity of the x-
ray equipment available, we suggest diluting cattirathe power injector when possible
(typically to 50% or 70%). Adjustments in injectignlume and time (faster injection of
smaller doses) can usually compensate when adalitasibility is requiredL evel of

recommendation: Grade 2 (Weak), Quality of Evidence: C (Low)

Recommendation 25: We suggest the use of on-table mapping softwaiertgpon fixed-
imaging X-ray systems, such as roadmapping, CDfusr overlay reference to aid in
locating target landing sites and minimize needépeated injections. If available, CT
overlay capability is extremely useful especiatiycases where location and cannulation of
branches will be needed.evel of recommendation: Grade 2 (Weak), Quality of

Evidence: B (Moderate)

I mplementation remark:

In high-risk patients, placing and leaving wirestheters or sheaths in aortic branches
can mark the location of target branches and mizerthe need for repeated contrast
angiograms. Using a marker catheter inserted traugmall diameter left brachial artery
sheath, for example, to mark the location of thé& L& placing a wire or catheter in the
celiac artery to mark its location regardless afia@r thoracic motion may be performed.

This strategy can also allow for bail out techngjirecase of branch coverage.

Recommendation 26: To decrease the risk of atheroembolization, wemenend

minimizing intraortic wire, catheter and endogragnipulation in the aortic arch and at or



above the visceral/renal arteries, especially trepts with significant aortic atheromatous
disease or thrombukevel of recommendation: Grade 1 (Strong), Quality of Evidence: B

(Moderate)

Recommendation 27: We recommend minimizing the dwelling time of lageocclusive
femoral artery sheaths to decrease the risk oabpord ischemia and lower extremity
ischemia that can lead to postoperative compartsygrdrome or rhabdomyolysis. In cases
where a large sheath must be left in place foodbopged period of time, it can be withdrawn
into the external iliac artery to allow antegralbfinto the ipsilateral internal iliac artery.
Meticulous postoperative vigilance to detect inadeg lower extremity perfusion and/or
compartment syndrome should be routinevel of recommendation: Grade 1 (Strong),

Quality of Evidence: B (M oder ate)

G. Recommendation for Coverage or Occlusion of the Celiac Artery during TEVAR

TAA treated by TEVAR may require covering the cel@atery (CA) in about 4%-6%
of cases./#*"®*This can add 1 to 2.5 cm or more of aorta to otdailistal seal. In addition,
the CA is stenotic in approximately 20% of patiem®st of these being asymptomatic,
presumably due to collateral mesenteric ff#*"°Collaterals generally arise from the
superior mesenteric artery (SMA), and can be evadligia selective SMA arteriography.
Collateral pathways can also be identified usirgihfresolution CTA reconstructions (ideally
1 mm cuts or smaller, 16-slice or greater), ancatiegomic correlations have been well

described’” In 94 cases of celiac stenosis (13 with aberrapatic artery origins), 95% had



collateral flow from the pancreaticoduodenal (PRAH 75% from the dorsal pancreatic
arteries. These were similar in cases where thatitegrteries originated from the SMA
(92% and 77%, respectively). In addition, flow froine left and right gastric arteries to the
hepatic arteries has been documenté&xamples of CTA relevant findings that are
important to note if CA coverage is planned inclsdgmificant stenosis of the SMA, an
occluded inferior mesenteric artery, a large ptstatic dilatation of the CA, inability to
visualize the PDA or dorsal pancreatic branchedA @bne may predict ischemia after CA
coverage and the need for CA revascularizatiompén (traditional open surgical
management) or endovascular interventions (su@alel [“snorkel”] stents or
fenestrations given appropriate IDE and local eignee). However, CTA does not
demonstrate dynamic flow and has proven to be recbas a single imaging modality in

predicting safe coverage of the CA after TEVAR byne authors’®*"®

If CA coverage occurs without revascularizatiohjgh degree of suspicion for
ischemic complications should be maintained postafvely. Further, ischemia symptoms
can range from mild reversible abdominal pain triver enzyme elevation to lethal
ischemic injury of the foregut, spleen and/or liv&alloon occlusion has been reported by
some in a very small number of cases (N= 5 eactigtermine suitability for CA coverage
with unclear sensitivity and specificit§ Thus, while reasonable in cases where the results

from mesenteric angiography are equivocal, no gtrecommendation can be made.

The largest series of CA coverage included onlgé&ses. Their protocol was to
evaluate CTA for collaterals and if absent, perfamSMA angiogram to evaluate for
retrograde flow into the celiac branches. If abs#ry occluded the CA with a balloon and

repeated the imaging. Notably, they aggressiveti@aemptively treated SMA stenosis or



cases in which partial SMA coverage occurred dufiBYAR (39% of cases) with balloon
expandable stents. They documented one case af hethatic ischemia (despite subsequent
open bypass), one case of acalculous cholecystittspne case of sigmoid colon ischemia
thought to be embolit®* Another study evaluated 18 TEVAR cases using anbjiography
(no balloon occlusion) prior to CA coverage. Twdigrets had documented mesenteric
ischemia after CA coverage. One patient had selitdéd abdominal pain and two others had
elevated white blood cell counts, also self-limithid elevation in their liver or pancreatic
enzymes occurred after TEVARZ'®In another series, CA coverage led to a delayed
presentation of iatrogenic chronic mesenteric isthalespite only “encroaching” the CA

and a widely-patent SMAY

If the seal zone includes the CA orifice, then pprapriately sized endograft alone
should occlude the origin of the CA, obviating tieed for embolization. If absolutely
needed, CA embolization should be done carefultysparingly to avoid inadvertent
extension of the embolic material into the commantf@ink and risking foregut ischemia. In
cases of TEVAR covering the CA, vigilant postopeeatlinical examination and serial
laboratory studies should follow the early post-TAR/period to detect and address foregut

and hepatic ischemia as early as possible, to aworthid and lethal complications.

Practice Statement: While there is little high quality data, we suggestlicated SMA
angiography via the SMA and/or CA with adequategimg of the entire SMA/CA
mesenteric collateral system to precede TEVAR witénded or high risk for CA coverage.

(Ungraded good policy statement)



Recommendation 28: We recommend preemptive SMA stenting with a balespandable
stent, in cases of >50% stenosis of the SMA irféHewing conditions: prior to or after CA
coverage or encroachment, TEVAR that is encroadhieg@MA origin, or in any patient
otherwise considered as high risk for post-TEVARsamgeric ischemid. evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oderate)

Recommendation 29: In anticipation of high risk for CA-territory isch@a (non-
visualization of CA collateral branches by CTA adicated SMA angiography), we
recommend open or endovascular revascularizatitmeo€A before TEVARL evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oderate)

Practice Statement: Maintain meticulous vigilance for signs and sympsosh mesenteric

and hepatic ischemia early after CA coverdgegraded good practice statement)

H. Recommendation for Accessduring TEVAR.

Importantly, access-related issues remain a consaorce of morbidity after
TEVAR, although these complications are certairdgrdasing with the increasing lubricity
and decreasing diameter of device delivery systdmseveral early multicenter, industry
sponsored trials, procedural failures ranged fradon® 2% and were almost all secondary to
the inability to advance the device through inadeejiiac arterial systems®!#>*%There

has been an effort recently to decrease the siteeafheaths and improve the trackability of



TEVAR delivery systems. Nonetheless, a recent stlidylower profile device (sheath sizes

16-20 French) still had a 2% failure to implantaedary to access issuté.

Depending upon the size of the graft to be impldntiee outer diameter of delivery
systems can be larger than 24 French with someeevOne French is approximately
1/3mm, thus a 24F outer diameter sheath is 8mmamaeter. In the setting of normal vessels
with little tortuosity, the vessel may stretch alldw delivery of a sheath that is larger than
the actual inner diameter of the vessel. Howewergiasing tortuosity and/or calcification
can reduce the effective inner diameter of theveeyi vessel, leading to the need for

adjunctive methods of device delivery.

There are several adjunctive measures that casdtkta facilitate access in patients
with small iliac vessels, including the use of mpreximal arteries, as well as open or

endovascular conduits.

Femoral

Traditional open femoral exposure during TEVAR ilwas exposing the common
femoral artery (CFA) at the level of the inguingiment and establishing sites for proximal
and distal control. Unlike endovascular AAA reparthere medium-large diameter sheaths
are placed in both groins, TEVAR can usually beoagadished through one femoral artery
exposure with the other reserved for diagnostigimgthrough a 5 or 6 French
percutaneously placed sheath, if needed. When fepeoral artery exposure is performed, a
transverse or oblique skin incision is favored dwervertical approach in the groin as it is

associated with fewer wound complications. Wouaohglication rates (excluding



hematomas) after endovascular repair with a veiticision are as high as 18%8 while
several studies with oblique incisions have rembvigtually no infectious wound

complications-219

Percutaneous access of the CFA for TEVAR is alsonamon approach to access,
and is increasing in frequency as surgeons becoone comfortable with it** A discussion
of the pitfalls and merits of individual closurevitees is beyond the scope of this document.
However, there have been several techniques deddb identification of the femoral

nl92,193

artery including access through a small transviexssio and ultrasound

guidancé®*19°

with reported success rates ranging from 92-96Mrasound guidance has
become a standard component of percutaneous ermtdsaaccess at most institutions as it
helps the operator identify and avoid anatomicdiacthat could lead to failure of closure
such as coursing through the inguinal ligamentadeziom on the anterior wall of the artery.
A recent study reported that the use of ultrasdaddo a ten-fold increase in successful

percutaneous EVAR procedures compared to thoserpeetl without ultrasound

(p=0.03)*%

A meta-analysis performed of 3,606 percutaneowsialtaccess attempts for
endovascular aortic repair included 469 percutasd®@VAR procedures. The overall
technical success rate was 94% per arterial aerebthe groin complication rate was 3.6%
with only 1.6% of patients requiring open repaitiué groin*®” The most common
complication was groin hematoma (1.8%) followedpsgudoaneurysm (0.7%). Factors that
improved successful percutaneous access inclutdesolind guidance (96.4% with US vs.
93.5% without, p=0.02) and a sheath size <20 Fréd¢l2% <20 French vs. 88.7% >20

French, p<0.001}?” Other anatomic factors that have been associatedmproved success



with a percutaneous approach include a >1 cm sefgohemd common femoral artery
without anterior calcification, absence of severasng in the groin, native arterial access
(as opposed to access in graft material) and avessel diameter >5 mhiz194196.197
Percutaneous femoral access has a safety pradiiéstcomparable to open femoral access in
anatomically appropriate patients and both appresele appropriate for TEVAR, even in

the obesé®®

Recommendation 30: If an open approach is used, we recommend usinguease or
oblique incisions when performing open femoral asder TEVAR.L evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 31: We recommend using ultrasound guidance for pereotaaccess to
improve procedural success and decrease the ratajof complicationd.evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

Recommendation 32: We recommend that percutaneous access for TEVARfésand an
acceptable alternative to open common femoralyagbgposure if certain anatomic criteria
are met (i.e. diameter of common femoral artergk kaf front wall calcium, etc.). evel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

lliac/ Aortic Access

Multiple industry-sponsored trials of TEVAR haveosin that the sizes of the

common and external iliac arteries remain a batoielevice delivery in some patients.



Atherosclerotic occlusive disease can be treatdd vélloon angioplasty and/or using the
Dotter technique with serially larger balloons/this to facilitate transfemoral delivery of a
device, but should be performed carefully with lps@ssure inflations starting with a small

balloon to avoid iliac rupture.

Data from the early FDA and prospective companyaspced IDE trials showed that
iliac conduits were used in 15-21% of patiefits>>*Improvements in the profile and size
of delivery systems has decreased this numberfisignily. A recent industry sponsored trial
of a TEVAR device with delivery systems that rafigen 16-20 French required an iliac
conduit in only one (0.9%) patiefit’ This low number was aided by strict exclusioneiit
that included iliac tortuosity, calcification, oosive disease or an inner wall diameter that

was not adequate for the required sheath diarfigter.

A review of the NSQIP database showed that coneete more likely to be
performed in women (15.7% female vs. 5.8% male,@3D), patients who are current
smokers and patients with a previous coronary\etgion?®° The decision to use an iliac
conduit should be made during the planning phasleeotase as attempts to deliver a large
device through clearly inadequate iliac vesselslead to prolonged operative times and an
increase the risk of hemorrhage and death secomtaldigc disruption. The anatomic
factors that increase the need for conduits inctadeous iliac arteries, heavy calcification

and small vessel size relative to the chosen device

An open surgical iliac conduit is usually performeith a retroperitoneal exposure of
the common iliac artery or distal aorta througlobhque incision in the lower quadrant of

the abdomen. The choice of common iliac arteryusetee aorta should be made based upon



CTA findings, such as calcification and artery siZzel0 mm prosthetic conduit is best used
because it will facilitate delivery of all currepthvailable stent graft systems. The
anastomosis can be performed in an end to sidedtoeend fashion. The conduit can be
tunneled to the groin or brought subcutaneouskyugin the abdomen so that it creates an
angle that allows for straight delivery. At the qaletion of the procedure, the conduit can be
oversewn near the anastomosis. Alternativelydtbil end can be anastomosed to the
common femoral artery to bypass an occluded oredjexternal iliac artery, while also

providing an easy conduit in the future if furtheterventions are necessafy.

Direct puncture of the iliac artery and the aoia hlso been described with
avoidance of the need for a conduit. Most oftesé¢herteriotomies are closed primarily

especially in the absence of extensive atherogatasoclusive diseas®?

Recommendation 33: We recommend the use of iliac conduits or direatilaortic
punctures for TEVAR delivery to facilitate accesgpatients with small (relative to the
chosen device), tortuous or calcified iliac vesséle decision to perform a conduit should
be made in the pre-operative setting, when posdileles of recommendation: Grade 1

(Strong), Quality of Evidence: B (M oder ate)

Endoconduit

In an effort to avoid the potential increased mditlgiand operative time associated

with a retroperitoneal exposure of the common iiassels or distal aorta, the use of



angioplasty and stenting as an endoconduit hasepentect®? Generally, a 10 mm self-
expanding covered stent graft is placed, but othave advocated placing an EVAR limb
with at least a 12 mm distal diameter as an endwnThis can then be dilated with
balloon angioplasty to an appropriate size. Sontiecasi have advocated for intentional
rupture of the iliac vessel within the stent-grdffrtion given that the vessel
wall/atherosclerosis can continue to impede dedelery even after endoconduit

placement, especially when there is bulky caldfseasé®

In a retrospective series comparing open iliac adrtd endoconduit including 39
patients (23 open conduits, 16 endoconduits),lithiemoral complication rate was 20% for
the entire cohort, but was lower in the endocongratip when compared to the open conduit
(12.5%vs.26.1%). This was not statistically different sedary to small numbers of
patients?®* Other published experiences with this techniqetie small cohorts of

patients?2>2%

Recommendation 34: We suggest that endoconduits to facilitate acaas§EVAR are an
acceptable alternative in some cases to an oenctinduit, but little data comparing them
with an iliac conduit or long-term data describthgir outcomes over time are available.

Level of recommendation: Grade 2 (Weak), Quality of Evidence: C (L ow)

Carotid/Axillary Access




Use of the carotid and axillary arteries to deli@ad deploy thoracic stent grafts has
been describet® but these cases have been reserved for extrematiits where access
cannot be obtained from the lower extremities d@uédc or distal aortic occlusion. An
approach to the DTA from the arch vessels mearighbastent graft will be deployed in an
inverted fashion (unless pre-deployed and reindent® the sheath, which would be an off-
label use of the device) and may be associatedamiihcreased risk of neurologic

complications due to the wires/sheaths crossinguttle of the aorta.

More commonly, the brachial or axillary arteries ased to facilitate access from
below using the so-called “body floss” techniquéwa brachio-femoral or axillo-femoral
wire, in which a wire is passed from the right iat or axillary artery and brought out the
ipsilateral groin, typically by snaring the wir&Vith tension on both ends, this technique can
allow delivery of a stiff device through a verytiawus and otherwise impassable aorta. Care
should be taken not to injure the origins of thedhiocephalic vessels with the stiff wire
passing through them. A long sheath (typically By should be used to protect these
vessels and can be used to cover the tip of theetlglsystem on the stentgraft and facilitate

delivery using a “push/pull” technique.

Practice Statement: Brachiocephalic access for TEVAR device delivergyrbe acceptable
in situations where trans-femoral/iliac accessoisavailable. However, more data are
required to determine whether carotid-axillary art@ccess for delivery of a thoracic
endograft is associated with increased complicati@dngraded good practice

statements)



I. Recommendationsfor Treatment of Symptomatic and Ruptured Thoracic Aortic

Aneurysms

Early mortality after open repair of ruptured DT#Ahigh as evidenced by a Swedish
study from the pre-endovascular era that repomed-hospital mortality that approached
100%* The results with TEVAR have been much more pramisA multicenter trial of
acute aortic catastrophes showed a mortality of k5éte ruptured arrftt’ This compared
favorably to the results of open repair from th&Mhatabase which had an early mortality of
45%2™ Indeed, a review of the Medicare database fron#ZD7 showed that the
percentage of ruptured DTA patients who were teeatiegh TEVAR increased from 17% in
2004 to 49% in 2007 (a total of 1033 patients &dptvith a significant decrease in mortality
from 45% in open repair to 24% with TEVAR (p<0.088)1t is likely that there is an early

survival advantage to treating ruptured DTA withVIAR over open repair.

There appear to be advantages to TEVAR over ogsirror DTA beyond survival.
A meta-analysis comparing 224 patients from 2&ladishowed a significantly lower
incidence of perioperative myocardial infarctiod¥d vs. 3.1%, <0.05) when compared to
open repaif? In addition, a comparison of 161 patients fronoggitals over a 15 year
period showed a lower incidence of the compositipemt of stroke, paraplegia and death in
the TEVAR cohort compared to open repair (36.2%21s7%, p<0.05), but no difference
was seen in the individual outcomes due to smatibers?** Long-term outcomes have been

reasonable after TEVAR for ruptured DTA. A revief2d patients treated with TEVAR



with a median follow-up of over 5 years reportddta mortality of 52% with only one

known aortic related death®

Most of the large series evaluating TEVAR for tpd DTA are from administrative
databases, such as Medicare and the National émp&@ample, and lack the anatomic
granularity that would allow for meaningful comgsmn of the cohort of patients undergoing
each procedure (open TAA repair vs TEVAR). In additit is difficult to determine the
state of the patient at the time of presentatioi iagpossible that one approach is favored in
stable patients and another is used when a patiesénts in extremis. Within these
limitations, it appears that TEVAR for ruptured DT#\associated with improved survival

and lower morbidity when compared to open repair.

Recommendation 35: We recommend TEVAR over open repair for the treatroé
ruptured DTA when anatomically feasiblesvel of recommendation: Grade 1 (Strong),

Quality of Evidence: B (M oder ate)

10. SURVEILLANCE FOLLOWING TEVAR

Surveillance after TEVAR is critical to identify éoleaks after initial placement and
to evaluate if long-term complications appear, saglmigration, aneurysm expansion
despite no evidence of endoleak (Type V endoleakafied endotension), new endoleaks,
device failure (fracture, migration, component sapan), stenosis or occlusion. In addition,

long-term evaluation may detect signs of graftétiten. The most often reported protocol



after TEVAR for aneurysm surveillance is clinicabenination and computed tomography
scans at 1 month, 6 months and yearly theregftét’When TEVAR is placed for emergent
indications, earlier evaluation either during heelpiation or within one week of placement

may be warrantet®

Difficulties in establishing surveillance protocatslude variability in reporting of
institutional protocols, as well as reported ratbese-intervention versus reporting of new
findings in the surveillance protocols. Low re-ivention rates could imply the absence of
significant findings on surveillance imaging oraak of intervention despite the presence of
new findings. Conversely, high reported re-inteti@nrates could reflect either a high rate
of significant findings or simply a more aggressagproach to the findings treated
conservatively at other institutions. Recent evadealso shows that TEVAR surveillance
may be best tailored to the indication for the THYAs certain pathologies may warrant
more frequent surveillance. A recent publicatiorMsena et al. evaluated 203 patients
treated with TEVAR with follow-up CT scans and derstvated aortic-related complications

in 35% of patients, with sac expansion accourfimg 7% of thesé'®

While long-term outcomes are beginning to be riegahpatients undergoing TEVAR
for DTA aneurysm with straightforward anatomy anowit within the device IFU criteria
rarely require late re-intervention. In a serie8®fpatients treated for TAA, only 11%
required re-intervention at 60 months follow4ipIndications for re-intervention were Type
I endoleaks in about 7%, infection and Type lll @edks in 1% each. No secondary

intervention was performed for aneurysm expansicendograft collaps&-



In contrast, 63 consecutive patients treated seEsGermany with TEVAR for PAU
were followed for a mean of 46 months. In this elgece, 19% required re-intervention due
to late endoleaks (6.3%) with the remainder reqgire-intervention secondary to disease
progressiorf° A review of the outcomes captured in the Hosiiisisode Statistics database
in England revealed that 6% of patients treatednfiact aortic aneurysms required re-
intervention within 30 days following TEVAR? The average time to any re-intervention
was 28 months. In contrast to those treated factifAA, 33% of patients treated with

TEVAR for ruptured aneurysms will require additibirdervention at three yeafs:

Concern for long-term, cumulative radiation expedoas been growing, especially
when TEVAR is performed in younger patients. Pasi¢reated with TEVAR for intact
aneurysms with favorable imaging findings by CTA a&nd 6 months are unlikely to have
any complication in their lifetime that will neee-interventiorf?? Given the good outcomes
exemplified in the two scenarios above, it is nopsising that delayed follow-up imaging
(>1.5 years) has been shown to be relatively safeid-term studie&® However, there is an
absence of long-term data supporting this approadditionally, late stent graft collapse,
infection and endograft disruption can oéétiand late conversion to open repair occurs at
an average of 5 years and up to 98 months aftgalimmplantation, suggesting that patients

undergoing TEVAR should be followed for Iit€ 22°

Recommendation 36: We recommend contrast-enhanced CT scanning atrmhenvalve

months after TEVAR, and then yearly for life, witbnsideration of more frequent imaging



if an endoleak or other abnormality of concernatedted at one monthevel of

recommendation: Grade 1 (Strong), Quality of Evidence: B (M oder ate)

I mplementation remarks about surveillance:

1. In cases where the 1-month CT demonstrates morgicc@adograft concerns (e.g.
“bird beaking”, in-folding of endograft, etc.), evldaks, evidence of sac growth or in
high-risk patients (e.g. those treated for PAUuptured aortic aneurysms), a repeat
CTA with arterial and delayed phase imaging is nee@nded within 6 months.

2. In cases at low risk for expansion, such as thageashrinking aneurysm sac and
over 3 years of stability, non-contrast CT of thest may be used to follow
aneurysm sac size and component stability.

3. We can neither recommend eliminating TEVAR suraeile, nor can we recommend
extending it further than annually given the la¢komg-term evidence of safety and
due to evidence of aneurysm growth and new endslesdorted, despite a

previously-sealed aneurysm.

11. SPECIAL TAA CONSIDERATIONS

Guidelines for hospital privileges have been eshbt for TEVAR by the SV&?°
Calligaro and othef$’ suggested that the requirements for TEVAR incliuflebasic
privileges with either: 1) 10 TEVARSs within the tésyears or 2) less than this minimum for

surgeons with a robust EVAR experience, definedsaBVARS with 12 as the primary



operator. Trainees should also be able to managele® aortic patients, as well as perform

adjunctive procedures, including iliac conduits aadotid-subclavian bypass grafting.

The relationship between volume and outcomes hers é&eplored for TEVAR?2%°
and the data supporting or refuting such a relatignis poor, mainly because it is typically
underpowered and the data is heterogenous incligEMAR and TEVAR or uses TEVAR to
treat multiple pathologies (i.e. aneurysm and disse). One study using Medicare claims
database from 1999 to 2007 documented a mortaligyfor TEVAR in low volume centers
of 9-10%, whereas mortality was 7% in high volunt&/RR centers. Despite these gross
mortality differences, a multivariable model for nadity failed to show volume as a
predictor (p=0.328*% A second study using MEDPAR data also found noaagon
between TEVAR volume and mortalit§’ Finally, a study using a MEDPAR dataset in
10,000 patients undergoing TEVAR found no cleaatiehship between hospital volume
effect and survival. However, these same pracgtisisuggested that using a mixed-effect
Cox model demonstrated there was an “independeptitab effect” associated with certain
hospitals with a death 50% of what occurred atrtiospitals>° These data suggest at
present, no clear conclusion can be drawn betwespital volume and outcomes following
TEVAR. Importantly, even less data is availablexamine the role of individual clinician

TEVAR volume and outcomes.

12. CONCLUSIONS

Thoracic endovascular aortic repair (TEVAR) is usetteat a myriad of aortic

pathologies.While there are no randomized, controlled trials\paring open and



endovascular DTA repair directly and likely nevell e, consensus documents, large
administrative datasets, and meta-analyses hawegtyrsuggested that TEVAR for isolated
descending thoracic aortic aneurysms should bpriheary method of repair in both the
elective and emergent setting based on improved-sdmod mid-term mortality, as well as

morbidity.
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Figures

Figure 1. Zones of the thoracic aotta.
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Figure 2. Classification of the aortic arch (cosytef Madhwal et &F).




Table 1. Instructions for use for current thoracic devices

lliac / . Proximal Distal
Manufacturer Name Femoral Aprtlc Outer Landing Landing
; Diameter
Diameter Zone Zone
Conformable 4-8.7 mm
W.L. C_;ore and Thotauc depending on| 16-42 mm* >=20 mm >=20 mm
Associate® Aortic Graft sheath
(c-TAG)
Valiant 7.3-8.3 mm
Medtronic® Cantivi depending on| 18-42 mm >= 20 mm >= 20 mm
aptivia
sheath
) 6.0-7.7 mm
Cook Zenith . \ _
Medicalf’ Alpha** depen_dmg on| 22-42 mm >=20 mm >=20 mm
graft size
Bolton*** 7.3-8.7 mm
. o8 Relay depending on| 19-42 mm 15-25 mm 15-25 mm
MedicaP <heath

*Gore measures inner aortic diameter for grafingjzi

** Cook recalled all Zenith Alpha TEVAR grafts witbroximal or distal diameter of 18-
22mm, and recalled the indication for BTAI on Mag#*, 2017%°

***Now Terumo
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Figure 2. Classification of the aortic arch (courtesy of Madhwal et a®).
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