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Classification of Acute Aortic dissection

DeBakey Classification STANFORD TYPE A STANFORD TYPE B nonA-nonB DISSECTION
Type | Type ll Type llla Type llib

Type A Type B

ord Classific

4 i 4 4 2022 Guideline

m EACTS/STS 2024 Guideline



-‘l'- THE CATHOLIC UNIVERSITY OF KOREA
- "

e SEOUL ST. MARY'S HOSPITAL

Aortic Disease Open surgical repair

Total arch replacement

In ATAAD or TAA Open TAAA repair Open AAA repair




15t Endovascular repair in AAA (1991)

Transfemoral Intraluminal Graft
Implantation for Abdominal Aortic
Aneurysms

J.C. Parodi, MD*, J.C. Palmaz, MD", H.D. Barone, PhD, Bucnos Aires,
Argentina, and San Antonio, Texas

This study reports on animal experimentation and initial clinical trials exploring the
feasibility of exclusion of an abdominal aortic aneurysm by placement of an
intraluminal, stent-anchored, Dacron prosthetic graft using retrograde cannulation of
the common femaoral artery under local or regional anesthesia. Experiments showed
that when a balloon-expandable stent was sutured to the partially overlapping ends
of a tubular, knitted Dacron graft, friction seals were created which fixed the ends of
the graft to the vessel wall. This excludes the aneurysm from circulation and allows
normal flow through the graft lumen. Initial treatment in tive patients with serious
co-morbidities is described. Each patient had an individually tailored balloon diam-
eter and diameter and length of their Dacron graft, Standard stents were used and the
diameter of the stent-graft was determined by sonography, computed tomography,
and arteriography. In three of them a cephalic stent was used without a distal stent.
In two other patients both ends of the Dacron tubular stent were attached to stents
using a one-third stent overlap. in these latter two, once the proximal neck of the
aneurysm was reached, the sheath was withdrawn and the cephalic balloon inflated
with a saline/contrast solution. The catheter was gently removed caudally towards
the arterial entry site in the groin to keep tension on the graft, and the second balloon
inflated so as to deploy the second stent. Four of the five patients had heparin
reversal at the end of the procedure. We are encouraged by this early experience, but
believe that further developments and more clinical trials are needed before this Fig. 2. Intraluminal exclusion of artificial aneurysm by

technique becomes widely used. (Ann Vasc Surg 1991;5:491-459). E?E&'Z%&mbé“&?.t’fmbzrmi aortic lwrgllll.te'
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15t Endovascular repair in DTAA (1994)

The New England
]ournal of Medicine

©Copyright, 1994, by the Massachusetts Medical Society

Volume 331

DECEMBER 29, 1994

Number 26

TRANSLUMINAL PLACEMENT OF ENDOVASCULAR STENT-GRAFTS FOR THE TREATMENT OF
DESCENDING THORACIC AORTIC ANEURYSMS

MicHAEL D. Dakg, M.D., D. CraiG MILLER, M.D., CHARLES P, SEMBA, M.D., R, ScoTT MITCHELL, M.D.,
PHILIP J. WALKER, M.B., B.S., AND ROBERT P. LiDDELL, B.A.

Abstract Background. The usual treatment for thorac-
ic aortic aneurysms is surgical replacement with a pros-
thetic graft, but the associated morbidity and mortality are
considerable. We studied the use of transluminally placed
endovascular stent—graft devices as an alternative to sur-
gical repair.

Methods. We evaluated the feasibility, safety, and ef-
fectiveness of transiuminally placed stent—grafts to treat
descending thoracic aortic aneurysms in 13 patients over
a 24-month period. Atherosclerotic, anastomotic, and
post-traumatic true or false aneurysms and aortic dissec-
tions were treated. The mean diameter of the aneurysms
was 6.1 cm (range, 5 to 8). The endovascular stent—grafts
were custom-designed for each patient and were con-
structed of self-expanding stainless-steel stents covered
with woven Dacron grafts.

Results. Endovascular placement of the stent—graft
prosthesis was successful in all patients. There was com-

plete thrombosis of the thoracic aortic aneurysm sur-
rounding the stent—graft in 12 patients, and partial throm-
bosis in 1. Two patients initially had small, residual patent
proximal tracts into the aneurysm sac, but both tracts
thrombosed within two months after the procedure. In four
patients, two prostheses were required to bridge the
aneurysm adequately. There have been no deaths or
instances of paraplegia, stroke, distal embolization, or in-
fection during an average follow-up of 11.6 months. One
patient with an extensive chronic aortic dissection re-
quired open surgical graft replacement four months later
because of progressive dilatation of the arch.

Conclusions. These preliminary results demonstrate
that endovascular stent—graft repair is safe in highly se-
lected patients with descending thoracic aortic aneu-
rysms. This new method of treatment will, however, re-
quire careful long-term evaluation. (N Engl J Med 1994;
331:1729-34.)

A B

Figure 2. Left Anterior Oblique Views of the Aorta in a 71-Year-Old Woman (Patient 5) with Back Pain and an Abnormal Chest Radio-
graph Who Had Previously Undergone Coronary-Artery Bypass Grafting.

Before the placement of the stent—graft, an aortogram (Panel A) shows a long, atherosclerotic aneurysm of the descending thoracic

aorta associated with an irregular lumen. After the procedure, an arteriogram (Panel B) shows good flow of contrast medium through
the device, with no leakage into the surrounding aneurysm.
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Medtronic AneuRx First FDA approved for EVAR , 1999

€ AneuRx Bifurcated Stent Graft

(Bifurcation Body)

(Integral Iliac Leg) =2

< AneuRx Iliac Stent Graft

(Inserted Iliac Leg)

Figure 1: AneuRx Bifurcated and lliac Stent Grafts Medtronl‘c




FETERll  THE CATHOLIC UNIVERSITY OF KOREA
=3 SEOUL ST. MARY'S HOSPITAL

GORE TAG device, First FDA approval for TEVAR, 2005

CONFORMABLE
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Timeline of the History of Endovascular Aortic repair

1951 1991, Annals of Vascular Surgery 1999 2008, Journal of Vascular Surgery
Drs.,Cooley and DeBakey performed Parodi et al detailed five cases of successful FDA approved Gore TAG trial reported 2.8%

the first open abdominal aortic AAA exclusion with endovascular graft endovascular aneurysm-related mortality in TEVAR
aneurysm repair, termed “tangential placements in Buenos Aires, Argentina, 15 stent-grafts for patients compared to 11.7% in open
excision and lateral aortorrhaphy” years after Drs., Parodi started “intraluminal EVAR thoracic aneurysm repair at five years

graft” experiments in canine models (1976)

1952 1994, NEJM 2005 2010, ACCF/AHA Guideline

Drs.,Cooley and DeBakey Dake et al reported 13 cases of FDA approved Society guidelines related to TEVAR

reported successful endovascular repair of the endovascular stent were first published in 2006 and
repair of a thoracic descending thoracic aortic aneurysm grafts for TEVAR exponentially increased in 2010s
aortic aneurysm with customized home-made with the popularization of TEVAR
endovascular grafts

Chen SW, Lee KB, Napolitano MA, Murillo-Berlioz AE, Sattah AP, Sarin S, et al. Complications and management of
the thoracic endovascular aortic repair. Aorta. (2020) 8:49-58. doi: 10.1055/s-0040-1714089
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EACTS/STS Guidelines for Aortic disease 2024

EACTS/STS Guidelines for Diagnosing and ) Gheck for updates
Treating Acute and Chronic Syndromes of the
Aortic Organ

Authors/Task Force Members: Martin Czemy' 2* (Co-Chairperson) (Germany),

Martin Grabenwt’:—geﬁ’q’* (Co-Chairperson) (Austria), Tim Berger' 2 (Task Force Coordinator),
Victor Aboyans®*® (France), Alessandro Della Corte’* (ltaly), Edward P. Chen® (USA),
Nimesh D. Desai'? (USA), Julia Dumfarth'" (Austria), John A. Elefteriades'? (USA),
Christian D. Etz'® (Germany), Karen M. Kim'* (USA), Maximilian Kreibich™? (Germany),
Mario Lescan'® (Germany), Luca Di Marco'® (Italy), Andreas Martens'”'® (Germany),
Carlos A. Mestres'® (South Africa), Milan Milojevic®? (Serbia), Christoph A. Nienaber?':%? (UK),
Gabriele Piffaretti®® (italy), Ourania Preventza® (USA), Eduard Quintana®® (Spain),

Bartosz Rylski'*? (Germany), Christopher L. Schlett>2® (Germany),

Florian Schoenhoff?” (Switzerland), Santi Trimarchi®® (ltaly), and

Konstantinos Tsagal«:isEg (Germany), EACTS/STS Scientific Document Group

e
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TEM Aortic dissection Classification

TEM Aortic Dissection Classification T Type ‘

The classification is based on the modified
Stanford classification that includes type,
location of the primary entry tear (entry

location) and malperfusion status (TEM) Type A Type B non-A
Qortic oortic non-8
dissection dissection gortic _
£0 E1 €2 E3 agissection
noentry oscending ocortic descending
detectable oora arch oorta
E Entrylocation
EO 3 £2 €3 €0 E3 (€0 £2) (€3

M Malperfusion MO no molperfusion

() with clinicol symptoms
M1 coronary

M2 suproaortic () without clinical symptoms

M3 spinal, visceral, rencl, iliac

FIGURE 6 Type, entry, malperfusion classification for acute aortic dissection. (TEM, type, entry, malperfusion.)
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h
Ascending
aorta
Sinotubular junction DSy Thoracic
! aorta aorta
Aortic root s Aortic annulus
Sinuses of
valsalva T6
Diaphragm - e
Suprarenal
Pararenal
. Abdominal
Infrarenal aorta

FIGURE 3 Aortic segments based on Ishimaru zones.
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Aortic Team and Hybrid OR for Endovascular repair

AORTIC TEAMS AND HEALTHCARE IMPLICATIONS

RECOMMEMNDATION TABLE 3 Aortic Teams and Healthcare

Implications

Recommendations

shared decision-making for the optimal
treatment of aorfic pathologies by a
multidisciplinary aortic team i recommended.

In patiznts with multisegmental acrtic disease,
treatment is recommended in aortic centers
providing open and endovascular cardiac and
vascular surgery on site.

Transfer to an aortic center should be
considered for patients with complex aortic 105-118
pathologies.

For endovascular aocrtic procedures, a hybrid
operating room, including an integrated
imaging system, is recommended.

“Class of recommendation; “Level of evidence; “Refarences.
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Acute Aortic dissection

RECOMMEMNDATION TABLE 5 Acute Aortic Diseaszes: RECOMMENDATION TABLE 7 Acute Aortic Diseases:

Type B Aortic Dissection

RECOMMENDATION TABLE 6 Acute Aortic Diseases:
Mon-A Non-B Aortic Dissection

Type A Aortic Dissection

Recommendations Recommendations

Recommendations

In patients with complicated non-A
non-B aortic dissection with arch entry
tear, repair via the FET technigue
should be considered.

Iniiation of emergency surgery is
recommended in patients
presanting with acute type A aortic
dissection.

In patients with complicated acute
type B aortic dissection and suitable
anatomy, TEVAR iz recommended.

211, 212

la [ - -

In patients with acute complicated
type B aortic dissection with
unsuitable anatomy for TEVAR, FET
repair should be congderad.

A tear-oriented approach with
exclusion or resection of the primary
entry tear in the ascending aorta and
arch is recommended.

213, 214

In patients with anatomic al feasibility to
cover the primary entry tear, a stent [113] C =
graft implantation may be considered.

Inspection and coverage of
communications between lumina in
the proximal descending aorta may ]3]
be considered in specialized
centers for prognostic reasons.

In acute type B aortic dissection
with high-risk features, TEVAR
should be considered in the
subacute phase.

AClass of recommendation; "Lewel of evidence; “Refarences. FET, frozen
elephant trunk.

In patients with acute type B aortic
dissection without high-risk
features, optimal medical therapy,
close monitoring and follow-up is
recommendad for emerging high-
risk features.

Despite preoperative neurclogic
dysfunction or nonhemorrhagic
stroke, open repair should be
considered.

lla 215-217

In caze of clinical and imaging
evidence of visceral malpefusion, iib
revascularization may be

considered prior to aortic repair.

“Class of recommendation; “Level of evidence; “References. FET, frozen
elephant trunk; TEVAR, thoracic endovascular aortic repair.

Antegrade systemic perfusion via
axillary or direct acrtic cannulation
should be considered.

218, 219

An open distal anastomosis during
lower body hypothermic circulatory
arrest is recommended.

220, 221

“Class of recommendation; “Lavel of evidence; “References.
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Acute non-A non-B Aortic dissection

Acute aortic dissection type non-A non-B

TEM
non-A non-B E2

TEM
non-A non-B E0

TEM
non-A non-B E3
I

d ' : ;
oMT and regular . : Complicated No high-risk Complicated
imaging follow-up Higletisk featdees features dissection’
i ‘
OMT and OMT and OMT and regular Ascending aorta
urgent® FET emergent FET imaging follow-up <45cm
Yes No ‘
Anatomical suitable?
forTEVAR?
1. dissection with malperfusion of the spinal cord, Yes No ‘
gastrointestinal tract, the kidneys or extremities; pleural effusion J |, J
containing blood, contained and free aortic rupture, persistent :
. pain, uncontrollable arterial hypertension OMT and OMT and
e 2. within 48 hours emergentTEVAR emergent FET

T 3. landing zone length >20mm measured between landing zone

= begin and entry location
T 4, TEVAR zone 2 with carotid-subclavian bypass or TEVAR zone 3

FIGURE 12 Treatment strategy for non-A non-B aortic dissection. (EO, no entry visible; E2, arch entry; E3, descending entry; FET, frozen

repair.)

elephant trunk; LSA, left subclavian artery; OMT, optimal medical therapy; TEM, type, entry, malperfusion; TEVAR, thoracic endovascular aortic
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Acute Type B Aortic dissection

Aortic dissection type B Aortic dissection type B with high-risk
without high-risk features features for the development of complicated

dissection’

Complicated aortic
dissection type B2

OMT:;‘n'd regular Ascending aorta <4.5 cm Ascending aorta <4.5 cm
‘imaging follow-up
OMT - optimal medical treatment Yes No Yes | No
TEVAR —thoracic endovascular aortic repair .
1. primary entry >10 mm, primary entry at the inner curvature, Anatomical suitable® Anatomical suitable*
primary entry located <20 mm to the left subclavian artery, false forTEVAR® for TEVAR®
lumen diameter >22 mm, descending thoracic aortic diameter >40 ‘
mm
2. dissection with malperfusion of the spinal cord, ! f
gastrointestinal tract, the kidneys or extremities; pleural effusion Yes | No Yes No
containing blood, contained or free aortic rupture, persistent : - - et
— pain, uncontrollable arterial hypertension OMT and TEVAR OMT and FET OMT and OMT and
o 3. landing zone length >20mm measured between landing zone within 3 months within 3 months emergant TEVAR emergent FET
— begin and entry location

o 4. TEVAR zone 2 with carotid-subclavian bypass or TEVAR zone 3

FIGURE 13 Treatment strategy for type B aortic dissection. (FET, frozen elephant trunk; LSA, left subclavian artery; TEM, type, entry,
malperfusion.)
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High risk features for late complications

TABLE 3 High-Risk Features in Acute Type B Aortic
Dissection

Marphologic Criteria
Primary entry *10 mm~""-"*

Primary entry at the inner curvature ™"

F’n'rmr'l_.r_e_.ntr!.r located <20 mm in relation to the left subclavian
ar.tew.l 1
False lumen diameter >22 mm™ "~
Descending thoracic aortic diameter >40 mm=""~**
High systolic antegrade flow volume in the false lumen __Ti'll'ith
significant diastolic retrograde flow assessed by MBI
Clinical Criteria
Persistent pain™"~"’

S T

Uncontrollable HTA=

HTA, hypertension arteralis; MRl magnetic resonance imaging.
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Acute IMH

RECOMMEMNDATION TABLE 8 Acute Aortic Diseases: RECOMMEMNDATION TABLE &8 Acute Aortic Diseases:
Type A Intramural Hematoma Type B Intramural Hematoma
Recommendations Class" Level” Ref" Recommendations Class® Level® Ref"

In patients with acute type A IMH

In patients with acute complicated
with complications or high-rigk

283, 287- type B IMH, urgent aoric repair is 305

features, emergency surgery is 290 recommended.
recommended.

In patients with acute type B IMH
Optimal medical therapies and with high-risk features, TEVAR
serial imaging may be considered b c ) should be considered if the patient - c )
in patients with type A IMH in the is anatomically suitable.
absence of high-risk features.
In =elected patients with acute TABLE 4 High-Risk Features in Intramural Hematomas
type A IMH without high-risk
features but a tear in the S,
descending aorta, TEVAR maybe [ ' ¢ ) Age Zroyears 23 208
considered in addition to OMT in SR A e SRR A S TN
specialized centers. Mean aortic diameter growth rate 25 mm/year™

Wall thickness of involved segment =10mm™"
“Class of recommendation; “Level of evidence; “References. IMH, intramural

hematoma; OMT, optimal medical therapies; TEVAR, thoracic endovascular Pleural effusion based on Hounsfield units™"-*"
aortic repair.

-

Presence of aoriic ulcer or ulcer-like projection™ "~
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Penetrating Atherosclerotic Ulcer

RECOMMEMNDATION TABLE 10 Acute Aortic Diseases: Penetrating
Atherosclerotic Ulcer

Recommendations Class® Level® Ref"

Hematoma

/

In patients with PAUs in the ascending aorta and
the presence of IMH or rupture, urgent acriic repair
is recommended.

In patients with high-rigk PAUs located in the distal
arch or descending aorta, TEVAR should be
considered if anatomically suitable.

In patients with high-risk PAUs located in the distal
arch or descending aorta unsuitable for TEVAR,
open surgical repair should be considered after
careful evaluation of operative risk.

Alhefolscleron( v

vicer

“Class of rmcommendation; "Level of evidence; “References. IMH, intramural hematoma; PAL,
penetrating aortic ulceration; TEVAR, thoracic endovascular acrtic repair.

TABLE 5 High-Risk Features in a Penetrating

Atherosclerotic Ulcer FIGURE 14 Penetrating atherosclerotic ulcer.

Morphologic Criteria
== Pleural effusion based on Hounsfield units™ "
Prescence of IMH™"*~"

Large inital PAU depth (*10mm) and diameter (>20 mm}) or high
growth rate size”™

Clinical Critera
Persistent pain despite medical treatment™' =="=~""
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Blunt traumatic Aortic injury

RECOMMENDATION TABLE 11 Acute Aortic Diseases:

Blunt Traumatic Aortic Injury /
/ Grade 1 Grade 2 Grade 3 Grade 4
Intimal rear Intramural hematoma Pseudooneurysm Rupture
Recommendations Class® Level® | Ref"
In patients with BTAI grade |,
nonoperative management, including c
cloze follow-up imaging, is
recommended. Bleeding
3 without
" " % - rupture
In patients with BTAl grade |l and high- : i ¢
risk imaging features, TEVAR should be lla c - 2 "‘;':pm'
considersd. : 3
Contour j
In FIIE'ItE nte with BTAI g"ﬂd'ﬂ Il without Shavoed Blood contained 7 Complete
high-risk imaging features e TSR
. lib Cc -
nonoperative management and close
follow- up imaging may be considered. \ * Small (<10 mm) intimal + Bleeding into the aortic wall (media) + Blood leaks through the * A complete rupture
. . ‘ flaps with no or minimal without initial rupture of the intima inner woll but is contained of the aortic wall
In pﬂtﬂ nts with BTAI gﬂdﬂs - and periaortic haematoma and the classic flap formation by the adventitia
: s ‘ * Injury changes the
suitable anatcmy, TEVAR is ﬂ- = \ * Injury does not change * Injury chonges the contour * Injury chonges the contour of the aorta
recomme nd,e,d . \ the contour of the aarta of the corta caontour of the aartn

FIGURE 15 Classification of blunt traumatic aortic injury.

“Class of recommendation; “Leavel of evidence; “References. BTAI, blunt
thomacic aortic injury; TEVAR, thomcic endovascular aortic repair.
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Arch

RECOMMENDATION TABLE 14 Chronic Aortic Diseases: Aortic

RECOMMENDATION TABLE 15 Chronic Aortic

Diseases: Chronic Aortic Dissection

Recommendations

In patients with symptomatic aortic arch
pathologies, aoric arch repairis
recommended imespective of diameter.

In patients with asymptomatic isolated
aortic arch aneurysms =55 mm, aortic
repair should| be considered.

Ref®

Recommendations

a7

Intervention is ecommendead in
patients with chronic aortic
dissection at a maximum aortic
diameter of 255 mm without
imvohrement of the ascending aorta.

In patients with arch pathologies and
diseased aorfic segments distal to zone 2,
FET repair should be considered.

311, 356-358

In patients with an indication for aortic
repair unsuitable for open surgery, hytrid
or endovascular aortic repair may be
considerad.

Hybrid or endovascular aortic repair is
recommended to be performed in
experienced centers with an adequate
volume of both open and endovascular

aortic epairs.

In patients with HTAD with chronic
aortic dissection, intervention at
diameters <55 mm should be
considered if the multidisciplinary
aortic team makes the decision
depending on the genotype, growth
rate, family history and other
individual patient risk factors.

In patients with dSINE, treatment is
recommended to prevent diameter
progression.

Intervention at *50 mm should be
considered in patients with chronic
aortic dissection if the treatment
includes a multistep procedure,
such as arch replacement with FET
followed by TEVAR.

b
Lewel

Class”

Ref"

362, 363

Ila c -
c -
Ila c -

“Class of mcommendation; "Level of evidence; “Refarences. FET, froazen elephant trunk.

“Class of recommendation; “Level of evidence; “References. dSINE, distal stert
graftinduced new entry; FET, frozen elsphant trunk; HTAD, heritable thomcic

aortic disease; TEVAR, thoracic endovascular acrtic repair.
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Aortic arch disease

BRECOMMENDATION TABLE 23 Asca“dh‘g Aorta With or RECOMMENDATION TABLE 24 ThBI’-ﬂpBIItil: Dptinns:ﬁnﬂic Arch
Without Proximal Arch

Recommendations

In patients with an intended one-stage aortic
arch treatment, the FET technique should be
considered.

Recomm endations

In ascending aoriic surgery,
supracommissural isolated Aprtic arch replacement, including the creation
ascending aorta replacement is 571, 572, of a sufficient landing zone, is recommended in

. . . the treatment of multisegmental aneurysms of
recommendad in patients without ST

. . . the thoracic aorta in order to facilitate the
adjunct aortic root and aortic further downstream repair.
arch dilatation.

When performing the frozen and comventional
elephant trunk techniques, a distal
anastomaosis in arch zone 2 should be
considered.

It iz recommended that in any
open proximal thoracic aortic
operation, ascending/hemiarch
replacemant has o be extensive,
and short ascending grafits
should be avoided to prevent
disgase progression and to
anficipate a future endovascular
modular distal extension.

In the casze of an elephant trunk implant, the
polyester frunk component should be lla c -
considered to be accessible in zone 4.

Hybrid procedures may be considered for
aortic arch repair.

In amy TEVAR involving zone 2, left subclavian
artery revascularization is recommended to
reduce the rigsk of neurclogic complications
such as stroke and spinal cord ischemia.

In ascending aortic surgery with a 582-584

diameter larger than 45mm of the
proximal aortic arch, hemiarch or
more extensive aortic arch

replacemant may be considered.

“Class of recommendation; “Level of evidence; “References. FET, frozen elephant trunk;
TEVAR, thomcic endovascular aortic repair.
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Endovascular Total Aortic arch repair

FIGURE 25 Branched endovascular total aortic arch repair.
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Descending Thoracic Aorta

RECOMMENDATION TABLE 25 Therapeutic Options: Descending Aorta

Recommendations

In patients undergoing endovascular aortic repair with suitable femoral artery anatomy, ultrasound-guided
percutaneous access is recommended.

TEVAR is mcommended as the first-choice therapy for acute complicated descending aortic syndromes. 601, 602

If LSA-to-LCCA bypass/fransposition or double transposition cannot create a sufficient proximal landing
zone, the FET technigue should be considered.

If concomitant valular or coronary disease requiring treatment is present together with acute and chronic
thoracic aortic pathology involving the aortic arch, the FET technique should be considered.

Stent-graft oversizing in degenerative/atherosclerotic aneurysms or PALUs should be considered <15-20%:
of the proximal and distal landing zone diameters.

Stent-graft owersizing in acute aortic dissectionAMH should be considered <10% of the proximal landing
zone diameter.

It should be considered that the landing zone diameter should not exceed 38 mm in diameter.

It should be considered that the proximal landing zone length be at least 25 mm.

It should be considered that the distal landing zone length be at least 25mm.

In TEVAR for type B aortic dissection, distal taperng for the prevention of dSINE should be considered
according to the TL diameter.

The PETTICOAT technique should be considered in acute aortic dissections as a distal adjunctto TEVAR in
case adequate true lumen decompression cannot be established by TEVAR alone.

The STABILISE technique may be considered in particular scenarios but preferably under confrolled study lb c
conditions.

“Class of recommendation; “Level of evidence; “References. dSIME, distal stent graft-induced new entry; FET, frozan elephant trunk; IMH, intramular hematoma; LOCA, left
common carotid artery; LSA, left subclavian artery; PALU, penetrating athermsclemtic ulcer; PETTICOAT, Provisional Extension To Induce Complete Attachment; STABILISE,
Stent-Assisted Balloon-Induced Intimal Disruption and Aelamination in Aortic Dissection Repair; TL, true lumen; TEVAR, thoracic endovascular aortic repair.
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PETTICOAT/ STABILISE technique

e i{;? ? Ut/?

A)O\ IANAA

Figure 1 Schematic representation of the STABILISE technique. (A) Type B aortic dissection with compression of the true lumen (TL) by the false lumen

(FL). (B) Residual flow in the false lumen after implantation of the proximal endoprosthesis and bare metal stent (PETTICOAT technique). (C) Intimal re-

apposition after ballooning of the distal endoprosthesis and stent with obliteration of the false lumen (STABILISE technique).
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Thoraco-abdominal Aortic Aneurysm

RECOMMENDATION TABLE 26 Therapeutic Options: Thoracoabdominal Aorta

Recommendations Class® Level®” Ref®

For patients with low-to-moderate perioperative risk, open
repair as well as endovascular treatment of pararenal and lla C -
TAAA should be considered.

For patients unfit for open repair, a B/FEVAR procedure

should be considered the first-line treatment. ua

A hybrid approach may be considered for patients unfit for

open repair and anatomically unsuitable for a B/FEVAR lib C -
procedure.

A “distal-shifting” strategy may be considered in anmy TAAR lib c

to reduce left lung manipulation to a minimum. )
For patients at high risk for SCl undergoing endovascular

treatment of type 1, I, Il or V thoracoabdominal aortic la c

aneurysms, a staged TEVAR-B/FEVAR approach should
be considered.

In open TAAA repair, proximal clamping before the full
establishment of CPB to avoid retrograde embolization of lla C -
paretal thrombi should be considered.

In patients undergoing open descending or
thoraccabdominal aoita repair, crycablation of multiple
intercostal spaces (temporary nerve blockage) may be
considered for pain control as an adjuvant strategy.

Left heart bypass or partial femoral-femoral bypass for
open thoracoabdominal aorta repair should be considered lla C -
basad on surgical and institutional experience.

“Class of mcommendation; “Level of evidence; “References B/FEVAR, branched and/or fenestrated
endovascular aortic repain, CPB, cardiopulmonary bypass; SCI, spinal cord injury; TAAA, thomooabdominal
aortic aneurysm; TEVAR, thomcic endovascular aortic repair.

FIGURE 27 Frozen elephant trunk implant followed by

FIGURE 31 Complete endovascular treatment of the
descending thoracic and abdominal aorta.

distal thoracic endovascular aortic repair extension for
distal shifting.




Infrarenal aortic aneurysm

RECOMMENDATION TABLE 27
Intrarenal Aorla

Therapeut ic Options:

Racommendations

In patients with complicated PAL,
dissection or imtreamural hematomsa
and in patients with mycotic
anaurysm and pseudoansurnysm in
the abdominal aorta, repair is
recommended.

In patients with complicated PAL,
dissection imramural hematoma, or
peeudoaneunysm with suitable
anatomy of the abdominal sorta,
endovascular repair should be
considered as the first option.

In patients with intact AAA with
suitable anatomy for ether open or
EVAR, a shared decision-making
process for each approach,
including life expectancy, is
recomimended.

In patients with long life expectancy,
open AAA repair should be
considered the prefemed trestment
miodality.

In patients with suitable anatormy
and reasonable life expectancy,
endovascular AAA repair should be la
considerad the prefemed trestme nt
miodality.

In patients with ruptured AAA
undemoing endovescular trestrment,
a bifurcated device should be
considered as preferable over an
aorte-uni-iiac device if anstomically
suits ble.

Class” | Lewel® Bz -
l; -
a c -
l; -

mli __
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Tubular EVAR without an iliac
bifurc ation stent graft implant is not
recommended.

c

as s of recommendationr SLlevel of avidenoe: “Aeferences. Al abdaninal
anric ansurysm; EVAR, endovascular aortic nepaer; PALL, penetrating aoriic

o,
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Postoperative management

RECOMMEMNDATION TABLE 35 Intensive Care Unit Postoperative RECOMMENDATION TABLE 35 Continued
Management of Patients Undergoing Aortic Surgery

Recommendations

Recommendations Class® Level® Ref"

Close monitoring of lactate levels as a surrogate for
postoperative malperfusion is recommended.

The enhanced recovery after surgery concept is
recommended in stable patients undergoing aoric
repair.

c -
Point-of-care monitoring, in addition to regular
laboratory coagulation parameters, should be

c - considered in the early postoperative phase after

open aortic repair.

921, 922

MNormothemia is recommended in the eary
postoperative phase.

The femoral artery should be considered as
preferred for arterial pressure monitoring lla [ -

postoperatively.

Rescue protocols for postoperafive SCI after aortic
arch surgery procedures that include CSF drminage
and blood pressure elevation are recommended.

Immediate CSF drainage in patients with new onset
of pamplegia after TEVAR or open TAAA
replacement|is recommended.

For patients with ILT after FET procedures,
therapeutc anticoagulation is recommended.

Early TEVAR extension may be considerad in
patients with ILT after a FET implant

“Class of mcommendation; “Level of evidence; “References CSF, cersbrospinal fluid; FET, frozen elephant
trunk; ILT, intraluminal thrombi; SC, spinal cord injury; TAAA, thoracoabdominal aortic ansurysm; TEVAR,
thomoic endovascular acrtic repair.
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Indications of Endovascular aortic repair

mAcute Aortic Syndrome
¢ Acute Complicated Type B Aortic Dissection
¢ High risk Uncomplicated type B Aortic dissection (Subacute phase)

e¢High risk Penetrating Aortic Ulcer or Intramural Hematoma
¢Blunt Traumatic Aortic Injury

B Aortic Aneurysm (Arch, Descending thoracic aorta)
mThoraco-abdominal Aortic Aneurysm

mAbdominal Aortic aneurysm

D 00
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Stent Grafts available in Korea, 2025

IBD™ T-branch

Valiant™ Endurant lls™

Castor™

Branched Aortic Stent-Graft
and Delivery System

RN T Gy
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Stent Grafts available in Korea, 2025

Medtronic

Cook Medical

Medtronic

Cook Medical

Endovastec™

Cook Medical

Branched / Co
mplex

Endovastec™

Ba—

Valiant Captivia™

Zenith TX2™

SEAL Thoracic

Endurant Il / lIs™

Zenith Flex™
Branch™

Minos™

SEAL NOVUS

T-Branch™

Castor™

_Category | Company | Product | KeyFeatures

Widely adopted standard device with over a decade of global experience

Proven long-term durability
Low profile system
Low-profile (15,18,21 Fr) system; optimized for small and tortuous acces
s
custom-made option available

One of the most widely used EVAR systems globally;
suitable for short neck and challenging access anatomies

Reliable long-term outcomes;
Offer lliac branch device system
14 Fr ultra-low profile delivery; modular design;
suitable for narrow or tortuous iliac access

Domestic low-profile EVAR with custom-made capability

Off-the-shelf 4-branch stent graft for TAAA; recently introduced in Korea
; enables endovascular repair in extensive Aortic disease

Unibody single-branch TEVAR designed for LSA preservation; practical so
lution for Zone 2 deployment
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Basic Techniques of TEVAR

Valiant™ Captivia”

Thoracic Stent Graft Delivery System

ProceduraDate: 2023 0|, )

# Graft sizing
- Aneurysm : 15~25% oversizing
- Dissection : 0~10% oversizing
com:mm\) ( Jq’(k l’mm) o
¥ Zone?d TEVAR 26 Gf)
# Bk P €3mm ( Sheath dilatotion)
3yl ]

0
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TABLE 2. CURRENTLY AVAILABLE, FDA-APPROVED STENT GRAFTS FOR TREATMENT OF THORACIC AORTIC PATHOLOGY

Product Name (Manufacturer) Available Graft Sizes (mm) | Proximal Neck Diameter (mm) | Sheath/Introduction System
Diameter (F)

TAG conformable thoracic 21-45 16-42 18-24 (inner diameter: sheath

endoprosthesis (Gore & Associates) required)

The RelayPlus system (Bolton Medical, Inc,) | 22-46 19-42 22-26 (outer diameter)

Valiant thoracic stent graft (Medtronic) 22-46 18-42 22-25 (outer diameter)

Zenith Alpha thoracic device (Cook Medical) | 24-46 20-42 16-20 (inner diameter)

Abbreviations: FDA, US Food and Drug Administration.

-
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Anatomic Considerations

m Aortic Arch
¢ Arch size(<40mm), Angulation(<60°), Healthy landing zone (>2.5cm)

mAccess vessels
¢ The femoral and iliac A. should be carefully assessed Small diameter (<7mm) or Heavy calcification

¢ Alternative approaches; Iliac conduit, Axillary artery

mHead vessels
¢ Carotid artery and Circle of willis condition, especially in Zone 0~2 TEVAR

mIntercostal Arteries and 1liac arteries, especially Long segment coverage

e
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Preparations...

B Angiography-room(fluoroscopy), hybrid OR, Angio C-arm
B Injector (hand injection X )

m Wires, catheters, sheaths...

B Main device

m Heparin injection(ACT >300sec, 100unit/kg)

D 0
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Hybrid OR

@
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Anethesia & Vascular access

m General or local anesthesia
B Percutaneous using closing device

mOpen vascular access (femoral artey, calcified vessels...)

D 00
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Wires and sheaths...

Lunderquist Wire Guides 201CmO|2at (William Cook [0.35"=260 1 EA
Europe) Cm
. o Nitinol
Micropuncture Push-Plus Introducer Set Nitinol 4 0Fr=10c] 1 EA
4 .0Fr=10Cm MP1S-401-NT-SST (Cook Medical) ’ "
JR=4 _0=5F
Performa Catheter All Size (Merit Medical) ’ 1 EA
r
035%150+3
Radifocus Guide Wire 200Cm0|2F (Terumo) oA 1 EA
035%260=3
Radifocus Guide Wire 200CmO]2t (Terumo) A 1 EA
o . SFr
Radifocus Introducer Il All Size,AFr~8Fr/7Cm,10Cm
. 10Cm, A 1 EA
{Terumo Corporation)
type
. . TFr,
Radifocus Introducer Il All Size 4Fr~8Fr/7Cm,10Cm
. 10Cm, A 1 EA
(Terumo Corporation)
type
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Catheters...

Angiographic catheter Pigtail




PRVl THE CATHOLIC UNIVERSITY OF KOREA
=2 SEOUL ST. MARY'S HOSPITAL

osing device
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Hydrophilic coating activation and flushing

2 Captivia Delivery System Preparation > Introducing and Positioning the Captivia
Delivery System

Flush the guidewire lumen with heparinized
saline via the luer connector.

Flush .th_e graft cover using a syringPT with — T During insertion of the delivery system, \
heparinized saline solution via the sideport. = activate the hydrophilic coating by gently \
| wiping the surface of the graft cover with

saline saturated gauze
Verify that the tip capture release handle is
in its locked position. In its locked position,
the handle should be forward and not be
able to rotate clockwise.

Caution: Do not grip the tip capture release handle during flushing of the delivery system as this
may cause unlocking of the tip capture release handle.
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TEVAR procedure

m Both femoral artery access & wire Placement
; One side - Pig tail , the other side -> stiff wire for endograft advance
H Delivery of the Main Device and aortography
m Alignment of stent graft
H Device Deployment

B Completion Arteriography

D 0
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Check Landing Zone precisely

, , Distal Landing Zone
Proximal Landing Zone

Position the image intensifier
in steep lateral for optimal imaging of
distal landing zone

Position the image intensifier LAO
for optimal imaging of aortic arch
proximal landing zone
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Check Alignment of Stent Graft




TRl THE CATHOLIC UNIVERSITY OF KOREA
=2 SEOUL ST. MARY'S HOSPITAL

Precise Deployement

Precise deployment 2. Intuitive delivery system

® Platinum-iridium Figur8 markers provide high visibility for accurate placement.

® Three-step deployment with tip capture release provides controlled deployment and precise placement in the thoracic aorta.
p deploy p cap p ploy p P \\J

4 e g (-
\N (

Step 1 Step 2 Step 3 Rotate handle.
Pull back sheath.
Slow, controlled deployment for precise Quick deployment option, if desired Tip capture release
placement

COOK'

Medtronic Valiant Cook Zenith alpha
Rotation Pull back

D 0
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Case Brief...

m 64 years old, Male
m C.C : Chest and back pain
m P.Hx : Prostate Cancer

m Diagnosis
¢ ChemoTx. Induced HTN
+ Complicated Acute type B IMH
(Persistent Pain, Refractory HTN although 2wks OMT)

m Plan : Zone 3 TEVAR

-
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CT angiography (pre)
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Case Video
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Complications of Endovascular Aortic Repair

m Retrograde Type A Aortic dissection

m Spinal Cord Ischemia

m Stroke

B Renal failure

B Vascular access and device delivery injuries

mEndoleaks
mdSINE

mMigration
mInfection (Aorto-enteric, Aorto-pulmonary fistula)

-
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Retrograde Type A Aortic dissection

Journal of the American Heart Association ~ ) ) .

@=L mRTAD incidence was 2.5% and mortality was 37.1%
SYSTEMATIC REVIEW AND META-ANALYSIS m Highest incidence in Acute TBAD post TEVAR
Retrograde Type A Aortic Dissection After (8.4% vs 3.0% in chronic)

Thoracic Endovascular Aortic Repair: A
Systematic Review and Meta-Analysis

Yanging Chen, MD"; Simeng Zhang, MD"; Lei Liu, MD™ Qingsheng Lu, MD; Tianyi Zhang, MD;
Zaiping Jing, MD

stent-graft oversizing in acute aortic dissectionAMH should be considered <10% of the proximal landing
zone diameter.

It should be considered that the landing zone diameter should not exceed 38 mm in diameter.

D 0
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Spinal Cord Ischemia (Paraplegia)

M7 he most Devastating and Catastrophic complication

mPrevention strategy
¢[LSCA revascularization
eStaged procedure in high risk pts
emABP > 90, sABP> 140
ePre-emptive CSF drainage

In any TEVAR involving zone 2, left subclavian
artery revascularization is recommended to
reduce the risk of neurclogic complications
gsuch as stroke and spinal cord ischemia

582-584

FIGURE 6. (1) A preoperatively detected segmental artery was occluded
by astent graph. Collateral supply to the (3) artery of Adamkiewicz and (7)
anterior spinal artery: (2 and 4) intersegmental collateral, (5 and 8)
branches of the left subclavian artery, and (6 and 9) deep circumflex iliac

branch of left external iliac artery. Reproduced from Fukui and col-
leagues ™ with permission from European Society for Vascular Surgery.



Spinal Cord Ischemia (Paraplegia)

mManagement algorithm

‘ Delayed Spinal Cord Deficit after TAAA Repair |

| Confirm MAP 90-100mmHg |

| Is a CSF Drain in place? |

A4

1. Dexamethasone 10 mg IV g 12 hrs x 48 hrs.
2. Mannitol 12.5 g IV g 12 hrs x 48 hrs.

1. Aim for CSF pressure <10-15mmHg
and maximum drainage 10-15 cc/hr

2. Target MAP 100-115 mmHg

3. Volume resuscitation to CVP=12mmHg,
PADP=16mmHg, Hemoglobin=10g/dL.

1. Immediate CSF drain placement

2. Aim for C5F pressure <15mmHg

3. Target MAP 100-115mmHg while waiting
for CSF drain

4. Volume resuscitation to CVP=12mmHg,
PADP=16mmHg, Hemoglobin=10g/dL
while waiting for CSF drain

v

!

| Has the neurologic deficit resolved?

Has the neurologic deficit resolved?

¥

Continue CSF drain for 48 hours
after normal neuro function

Yes m

1. Consider Lidocaine 100mg IV
2. Consider Magnesium Sulfate 4g IV

Continue CSF drain for 48 hours
after normal neuro function

Chatterjee S, JTCVS, 2021

THE CATHOLIC UNIVERSITY OF KOREA
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Stroke

Left Subclavian Arterial Coverage and Stroke
During Thoracic Aortic Endografting: A Systematic

s
Re vView Waterford SD Ann Thorc Surg 2016; 101: 381-9.

Stephen D. Waterford, MD, MS, Daisy Chou, MD, René Bombien, MD, PhD,
Isil Uzun, MD, Aamir Shah, MD, and Ali Khoynezhad, MD, PhD

Department of Cardiovascular Surgery, Cedars-Sinai Medical Center, Los Angeles, California

» Systematic review of 63 studies more than 3,000 patients
 Stroke rate (p=0.0657)

e LSA coverage without revascularization 5.6% (46 of 824)
* LSA coverage with revascularization 3.1% (13 of 413)

-
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Anterior Middle
cerebral artery cerebral artery

LSCA revascularization

Posterior
cerebral artery

Basilar

Internal carotid
artery

artery
Anterior spinal

BTEVAR require at least 2.5cm Landing zone ariery

External carotid
artery

mAbout 40% required Zone 2 LSCA coverage e

Common
carotid
artery

mLeft subclavian Artery

¢ Left upper extremity supply

¢ Posterior cerebral circulation (Vertebrobasilar system)
* Viavertebral artery

¢ Spinal circulation
* Via vertebral to anterior spinal artery

¢ Coronary circulation in CABG pts
e Left internal mammary artery

Subclavian
artery

In any TEVAR involving zone 2, left subclavian
artery revasculanzation is recommended to
reduce the risk of neurologic complications
such as stroke and spinal cord ischemia

LE2-584
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LSCA revascularization

L " &
:: .. E P ~
) v e S
" - <
'|| "8 m .
-

Figure 7: Subclavian-to-carotid transposition (printed with permission from © Figure 8: Subclavian-to-carotid bypass and Amplatzer plug insertion in the © 2023'W. L. Gore & Assaclates, Inc. Used with permission. Trae et
= Emily MéDougalI Art) proximal left subclavian artery (printed with permission from © Emily
e ) McDougall Art).
—
S

— GORE® TAG® Thoracic Endovastec Castor ®
— Branch Endoprosthesis




LSCA revascularization

TABLE 2. Indications for left subclavian artery revascularization before zone 2 thoracic endovascular aortic repair

Furopean Society for

Society for Vascular Surgery Guidelines'™” Vascular Surgery Guidelines™" Additional considerations' ™
Presence of left internal thoracic artery bypass graft In patients at nsk for Letft vertebral artery onginating
neurologic complications directly from the arch

Termination of lett vertebral artery at posterior inferior cerebellar
artery or other discontinwty of vertebrobasilar collaterals

Functioning arternnovenous dialysis fistula in left arm

Prior infrarenal aortic repair with occlusion of lumbar and muddle
sacral arteries

Planned long-segment (20 cm) coverage of the descending thoracic
aorta where critical intercostal arteries originate

Hypogastric artery occlusion

Presence of early aneurysmal changes that may require subsequent
therapy involving the distal thoracic aorta
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Vascular access and device delivery injuries

mlliac A. rupture
mAccess site hematoma, bleeding, occlusion
mFemoral A. pseudoaneurysm

mPrevention
* US guided access for Percutaneous procedure
¢ Cut down or alternative access for unsuitable anatomy

-



RECOMMENDATION TABLE 29 Therapeutic Options:

Endoleaks

Recommendations

Type | and type lll endoleaks are
regarded as treatment failures, and
reintervention is recommended.

In the presence of a type |l endoleak
and aneurysm growth =10 mim,
treatment should be considered in both
thoracic and abdominal pathologies.

I
Level

Class”

Ref”

c

lla c

In the presence of a type V endoleak
(endotension withouwt depictable
endoleak on standard follow-up
imaging), reatment should be
considered in both thoracic and
abdominal pathologies.

Ila c

“Class of recommendation; “Level of evidence; “References.

Endoleaks

Type lo

Proxima| persisting
or recurring leakage

Typell
Retrograde
flowinto
lesion through

Type llla theracic and/
or abdominal
Groft-graft segmental
detac hment leaks ortuiles
corto-aortic or
oorto-iliac
Typelb

Distal persisting
or recurring leakage

FIGURE 32 Classification of endoleaks.

mli __
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Typele

Side branch
to native persisting
or recurring leakage

Type llib

Lesion/ tear
of fabric
at any level

Type llic

Detachment between
fenestration/branch and
bridging stent-graft or
between bridging stent-grafts

Type IV

Graft porosity
(mainly historic)

TypeV

“"Endotension” i.e. lesion diometer
increose/sac expansion without any
detectoble leak (mcxnly historic)

Original
size
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Distal Stent Induced New Entry (dSINE)

Stent gratt-induced new entry atter endovascular
repair for Stanford type B aortic dissection

Zhihui Dong, MD,* Weiguo Fu, MD,* Yuqi Wang, MD,* Chunsheng Wang, MD,® Zhiping Yan, MD,*
Dagiao Guo, MD,? Xin Xu, MD,* and Bin Chen, MD,* Shanghai, China

The Impact of Distal Stent-Graft Induced New Entry on Aortic Remodeling of Chronic Type B

Dissection

Chun-Yang Huang, Hung-Lung Hsu, Po-Ling Chen, I-Ming Chen, Chiao-Po Hsu, and Chun-Che Shih
The Annals of Thoracic Surgery

dSINE - a new tear caused by | A
the stent graft itself excluding
those created by natural disease
progression or any iatrogenic
injury from the endovascular
manipulation

W Incidence:3-28%

m Onsetinterval : 12 - 36
month after TEVAR

B Asymptomatic, discovered on
routine postoperative

Pre-TEVAR Delayed progress

|
|
|
!
I
j

Chronic type B False lumen expansion (thoracic)
aortic dissection True lumen compression (abdominal)

For CDIlIIb, Occurrence of dSINE could significantly affect
“Abdominal TL compression & Thoracic FL reexpansion”

surveillance imaging

D 0

J Vasc Surg 2010;52:1450-8

Ann Thorc Surg 2018;105;785-93
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Distal Stent Induced New Entry (dSINE)

-
e ol [

b

TEVAR for chronic dissection

Fragile dissected intimal flap

Excessive oversizing of distal stent graft relative to smaller true lumen Radial force

. . . Springback force
Connective tissue disorder Pring

Shorter length (<145 mm) stent grafts

Li Q, J Thorac Dis 2015
Proximal to distal stent graft implantation sequence in chronic dissection

G.C. Hughes J Thorac Cardiovasc Surg 2019
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Stent Graft Infection

mAorto-esophageal fistula
mAorto-Bronchial fistula
mAorto-Duodenal fistula

mTotal endograft extraction and arterial reconstruction

anenteric or airway repair with flap coverage

D 00
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