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Recommendation Class Level

1. Decision-making for the treatment of aortic arch pathologies by an 
multidisciplinary aortic team is recommended I C

3. Treatment of elective arch pathology is recommended to be performed in 
specialized centers providing open and endovascular cardiac and vascular 
surgery on site

I C

31. It is recommended that endovascular aortic arch repair is performed in 
centers with adequate volume of and expertise in open and endovascular arch 
repair

I C
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From the Eastern Vascular Society

A meta-analysis on the effect of proximal landing zone
location on stroke andmortality in thoracic endovascular
aortic repair
Yuchi Ma, BS,a Mishal S. Siddiqui, MBBS,b Syed A. Farhan, MD,a Francisco C. Albuquerque, MD,a

Robert A. Larson, MD,a Mark M. Levy, MD,a Josue Chery, MD,c and Daniel H. Newton, MD,a Richmond, VA; and
Karachi, Pakistan

ABSTRACT
Background: Thoracic endovascular aortic repair (TEVAR) involving the aortic arch may increase the opportunity for
stroke owing to disruption of cerebral circulation and embolization. In this study, a systematic meta-analysis was per-
formed to examine the impact of proximal landing zone location on stroke and 30-day mortality after TEVAR.

Methods: MEDLINE and Cochrane Library were searched for all original studies of TEVAR reporting outcomes of stroke or
30-day mortality for at least two adjacent proximal landing zones, based on the Ishimaru classification scheme. Forest
plots were created using relative risks (RR) with 95% confidence intervals (CI). An I2 of <40% was regarded as minimal
heterogeneity. A P value of <.05 was considered significant.

Results: Of the 57 studies examined, a total of 22,244 patients (male 73.1%, aged 71.9 6 11.5 years) were included in the
meta-analysis, with 1693 undergoing TEVAR with proximal landing zone 0, 1931 with zone 1, 5839 with zone 2, and 3089
with zone 3 and beyond. The overall risk of clinically evident stroke was 2.7% for zones $3, 6.6% for zone 2, 7.7% for zone 1,
and 14.2% for zone 0. More proximal landing zones were associated with higher risks of stroke compared with distal (zone
2 vs $3: RR, 2.14; 95% CI, 1.43-3.20; P ¼ .0002; I2 ¼ 56%; zone 1 vs 2: RR, 1.48; 95% CI, 1.20-1.82; P ¼ .0002; I2 ¼ 0%; zone 0 vs 1:
RR, 1.85; 95% CI, 1.52-2.24; P < .00001; I2 ¼ 0%). Mortality at 30 days was 2.9% for zones $3, 2.4% for zone 2, 3.7% for zone 1,
and 9.3% for zone 0. Zone 0 was associated with higher mortality compared with zone 1 (RR, 2.30; 95% CI, 1.75-3.03;
P < .00001; I2 ¼ 0%). No significant differences were found in 30-day mortality between zones 1 and 2 (P ¼ .13) and
between zone 2 and zones $3 (P ¼ .87).

Conclusions: The risk of stroke from TEVAR is lowest in zone 3 and beyond, increasing significantly as the landing zone is
moved proximally. Furthermore, perioperative mortality is increased with zone 0 compared with zone 1. Therefore, risk of
stent grafting in the proximal arch should be weighed against alternative surgical or nonoperative options. It is antici-
pated that the risk of stroke will improve with further development of stent graft technology and implantation
technique. (J Vasc Surg 2023;-:1-8.)

Keywords: Thoracic endovascular aortic repair; Proximal landing zone; Stroke; Mortality; Meta-analysis

Thoracic endovascular aortic repair (TEVAR) has
become the preferred treatment for a range of thoracic
aortic diseases owing to its lower morbidity andmortality
compared with traditional open surgical repair.1-3

However, perioperative stroke remains an important
complication after TEVAR, with a reported incidence of
1.2% to 8.2%.4 The risk of stroke can be further compli-
cated when the aortic pathology requires stent graft
coverage of one or more supra-aortic trunks. This occurs
in #60% of cases and may increase the likelihood of ce-
rebral embolization or anoxic injury.5 As TEVAR in the
aortic arch becomes performed more commonly, it is
important to understand the effect of the proximal land-
ing zone location.
As classified by Ishimaru,6 the zones of the thoracic

aorta correspond to location of the supra-aortic trunks
(Fig 1). Stent graft placement in zone 3 and beyond
does not involve the supra-aortic trunks, and thus would
not require revascularization. Stent graft placement in
zone 2 results in coverage of the left subclavian artery,
whereas zone 1 placement results in the additional
coverage of the left common carotid artery. Stent graft
placement in zone 0 likewise results in coverage of all
the origins of the supra-aortic trunks. Revascularization
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‘‘First in Man’’ Total Percutaneous Aortic Arch Repair With
3-Inner-branch Endografts

A Report of Two Cases

Justine Mougin, MD,! Ron Azogui, MD,! Julien Guihaire, MD, PhD,y Mark R. Tyrrell, PhD, MBBCh, FRCS,z
Gustavo S. Oderich, MD,§ Dominique Fabre, MD, PhD,! and Stéphan Haulon, MD, PhD!Y

Summary Background Data: Aneurysms of the arch are a complex clinical

problem and a technical challenge. Currently, over 40% of patients are
considered unfit for conventional open surgery, requiring a cardiopulmonary

bypass and hypothermic circulatory arrest. In experienced hands and appro-

priate anatomic conditions, arch-branched graft technology has shown to be a
safe and effective alternative to open conventional surgery to patients that

historically have had no surgical options.

Objectives: This report summarizes the first in man implant of a three-vessel

arch branch stent graft using a total percutaneous approach without the need
for exposure of the cervical arteries—a surgical step with inherent problems

and risks.

Methods: This approach was performed in two consecutive patients, a 66-

year-old woman with a chronic post type A dissection 60 mm diameter
aneurysm of the aortic arch, and a 72-year-old man with a 70 mm saccular

degenerative atheromatous aortic arch aneurysm.

Results: Technical success was obtained in both cases. The patients were
extubated in the operating theatre. Neither suffered any pre- or postoperative

neurological deficits. Both were discharged home after remarkably uneventful

hospital stays. There were no access complications. Postoperative computer-

ized tomography scans and ultra-sound confirmed patent supra-aortic
branches and completely excluded aneurysms.

Conclusions: Our new truly minimally invasive approach demonstrates that it

is possible to manage one of the most challenging treatments of aortic

pathologies without any surgical incision. Further, evaluation and experience
are required to confirm these promising results.

Keywords: aortic arch aneurysm, aortic dissection, endovascular repair

(Ann Surg 2021;274:e652–e657)

CLINICAL REPORT

A ortic arch aneurysms present formidable challenges. Conven-
tional surgery requires sternotomy (often re-do), hypothermic

circulatory arrest and is associated with morbidity and mortality.1 In
experienced hands and applied in appropriate anatomies, arch-
branched endovascular graft technology has proved a safe and

effective supplement to open surgery.2,3 This report summarizes
the first-in-man implantation of a three-vessel arch branch graft
using a totally percutaneous approach.

Arch Branch Graft Design
A custom-made three inner-branched endograft (A-Branch,

Cook Medical, Australia) incorporating two antegrade branches
[brachio-cephalic trunk (BCT) and left common carotid artery
(LCCA)], and a retrograde branch [left subclavian artery (LSCA)]
was designed (Fig. 1A). It tapers at the level of the branches to ensure
supra-aortic trunk perfusion throughout implantation. The design
includes a revised route for the preloaded LSCA branch catheter:
now threaded to run from inside the main graft lumen, via the LSCA
branch to the outside of the tapered part of the graft, and back into the
main lumen via the LCCA branch (Fig. 1A).

The arch-branched device is not approved by the FDA, and
investigational in France. The study was approved by an institutional
review committee, and both patients gave informed consent to be part
of the study.

Patients
A 66-year-old woman with a chronic post type A dissection

60 mm arch aneurysm (Fig. 1B and Fig. 2A), and a 72-year-old man
with a 70 mm saccular degenerative arch aneurysm (Fig. 2B), each
underwent total percutaneous endovascular aortic arch repair in
January and February 2021. Both patients were declined open
surgery after aortic multidisciplinary review.

Surgical Procedure
Procedures were standardized and performed under fusion

imaging in a latest generation hybrid room (Discovery IGS 740, GE
Healthcare, Chicago), under general anesthesia.

1. Ultrasound-guided percutaneous access (Figs. 1 and 3):
a. Right brachial artery (5Fr sheath).
b. Right axillary artery (10Fr sheath) with two Proglide sutures

(Abbott, Plymouth, MN) (off label use).
c. Right femoral artery (10Fr sheath), with two Proglide sutures

(on label use).
d. Right femoral vein (5Fr sheath) for rapid pacing.

2. Main graft:
A Lunderquist double curved wire (Cook Medical) was preposi-
tioned in the left ventricle and the arch branch delivery system
was advanced and deployed under rapid pacing.

3. BCT bridging stent:
The branch was accessed via the axillary sheath (Fig. 1C). The
BCT bridging limb (14Fr) (Custom made limb, Cook Medical)
was positioned to seal in the branch and the BCT (Figs. 1D, E,
Fig. 4A). The access site was closed (Fig. 4B) using Proglide
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ier Paris Saint Joseph, INSERM UMR_S 999, Université Paris Saclay, France;
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CASE REPORT

CLINICAL CASE: TECHNICAL CORNER

Total Transfemoral Percutaneous
Endovascular Aortic Arch Repair Using
3-Vessel Inner Branch Stent-Graft
Emanuel R. Tenorio, MD, PHD,a Thanila A. Macedo, MD,b Laura Ocasio, MD,b Marina Dias Neto, MD, PHD,a

Guilherme B. Barbosa Lima, MD,a Aidin Baghbani-Oskouei, MD,a Anthony L. Estrera, MD,a Abhijeet Dhoble, MD,c

Shao Feng Zhou, MD,d Gustavo S. Oderich, MDa

ABSTRACT

Endovascular repair has been introduced to decrease the morbidity and mortality associated with open surgical repair of

aortic arch pathology. We illustrate total percutaneous transfemoral approach with a 3-vessel inner branch stent-graft to

treat aortic arch aneurysm. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2022;4:101680) © 2022 The

Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

A 72-year-old man presented with an enlarging
6-cm arch and thoracic aortic aneurysm
following earlier ascending aortic repair for

type A dissection (A0,10). The patient was referred
for consideration of possible total endovascular aortic
repair. The patient consented to the publication of his
case details and images.

MEDICAL HISTORY

His medical history was notable for hypertension and
tobacco use.

INVESTIGATIONS

Computed tomographic angiography (CTA) demon-
strated residual dissection involving the aortic arch,
innominate artery (IA), and left subclavian artery
(LSA) with distal extension to both common iliac ar-
teries (Figure 1, Video 1). Of utmost importance, the IA
was short (14.3 mm in length) with a diameter of
13.5 mm.

LEARNING OBJECTIVES

! To describe an innovative and inedited
technique using a total percutaneous
femoral approach to repair aortic arch
pathologies.
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Courtesy Andy Schanzer , University of  Massachusetts 

First-in-man all retrograde percutaneous 
3-vessel arch repair (April, 2023)
Andres Schanzer MD and colleagues
Worcester MA

Presented at Paris Vascular Insights
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Contra-indication

What can’t be done?

• Moderate to severe 
atheromatous debris 
affecting Zones 0-3 
(‘Shaggy aorta”)

• Insufficient seal in zone 0 
due to large diameter, 
kinked or too short graft

• Involvement of supra-aortic 
trunks

Contra-indication
IA/ RCCA 
dissection

LSA dissection 

• Dissection involvement in 
65% of supra-aortic trunks:

Courtesy of Nikos Tsilimparis and Tilo Kolbel

False lumen embolization What has changed in the last decade?

Initial experience Current era
Cervical open surgical exposure Total percutaneous approach
Saline flush CO2-saline flush

Antegrade configuration Antegrade and retrograde
Self-expandable stents Self- and balloon-expandable stents

Focus on true lumen Focus on true/ false lumen

- False lumen occluder
- Transcatheter septotomy

No options for unsuitable Zone 0 Aortic wrapping?

Endo Bentall?
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Thank You!
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