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Endovascular Repair of the distal aortic arch (Zone 1-2)

Chimney Grafts In-Situ Fenestration

Graphics: Courtesy of Gustavo Oderich

Fenestrated TEVARbranched TEVAR

Bail-out options
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F-TEVAR Multicenter Collaboration
(Munich, Hamburg, Uppsalla, Frankfurt, Birmingham, Malmö)

108 total patients

N. Tsilimparis, C. Fernandez et al.  EJVES

▪ 30-DAY MORTALITY: 3.7% (3 retrograde type A, 1 cardiac

arrest)

▪ STROKE RATE: 7.5% (5.6% major, 1.9% minor)

▪ SCI: 3.7%  → Permanent SCI: 0.9%

▪ RETROGRADE AORTIC DISSECTION: 2.7% (3 cases)
All in patients with post-type B dissecting aneurysms without prior
aortic surgery (19 patients in total). In this cohort → 15.9% 
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Single Branched Arch Endografts – distal repair

Off-the-shelf 
single branched

Gore IBD

Castor, Microport

Mona LSA Medtronic

Custom-made 
single branched

Cook retrograde branch
Inoue

Single Branch
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Cook CMD Designs: Scallop + Retrograde LSA-Branch

• No data available

• Concerns about 
reduced landing 
zone due to 
scallop
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Cook CMD Designs: Retrograde helical branch
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Retrograde spiral inner branch (20 mm long, at 12:00)
LSA branch with preloaded system

Scallop 
10x30mm
At 12:00

65% Applicability



KLINIKUM DER UNIVERSITÄT MÜNCHEN®

DEPARTMENT OF VASCULAR SURGERY

GORE TBE

• Off-the-shelf

• Diameter 21 – 53 mm

• One retrograde branch   8 – 20 x 60 mm

• Distal portal edge distance 20 - 25 - 40 mm

• Device length 10 – 20 cm
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Results of Distal Single Branched Grafts – GORE TBE

Gore TBE Branch
Courtesy GS Oderich

Multicenter US study (n=22)
• 10 fusiform aneurysms
• 12 sacular aneurysms
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Results of Distal Single Branched Grafts – Medtronic Mona LSA

Pre-market FDA approved study

• 9 patients

• 100% technical success

• 4 endoleaks 

• 2 type II

• 2 undetermined

• No major strokes

• 4 minor strokes in three patients

• No other major complications

• No left arm ischemia or death at 30 days
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Results of Distal Single Branched Grafts – Inoue Single Branch

Japanese Study

• 64 patients with single branch

• 100% technical success
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Castor Microport (Shangai, China)

73 patients: 0% Stroke, 1,4% mortality 

Too good to be true?
Extensive LSA manipulation
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Parallel
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Endovascular repair – Proximal Arch
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Graphics: Courtesy of Gustavo Oderich
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Branched Arch Endografts – proximal repair

Double branched Triple branched

Single branched
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Branched Arch Endografts – Single Branch

Both the GORE and Medtronic Single branch can be used for proximal arch 

if adjunctive cervical debranching is performed
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Are the hemodynamics the same? 

Double branch performed better: 

- Lower blood shear forces

- Higher cervical blood flow
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Results of Zone 0 single Branched Graft – Medtronic Mona LSA

US early feasibility study

• 9 patients

• No strokes during debranching surgery

• 100% technical success

• No 30-day mortality  or SCI

• Cerebrovascular events → 2 patients

• No type I/III endoleaks
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Jotec Nexus Single Branch

Obtained from Jotec brochure
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Jotec Nexus Single Branch

Obtained from Jotec

Multicenter study – 28 patients

• Procedure success: 100%

• Arch aneurysms (60.7%) and Chronic Dissections 

(21.4%)

• 30-day mortality: 7.1%

• Stroke: 3.6% (all non-disabling)

• No late aneurysm-related death

• Device related re-interventions: 10.7% (12 months)
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What is the impact of cervical debranching?

TEVAR + Carotid-carotid BP+C-S BP = 23% Mortality

J Vasc Surg 2021;73:1205-12
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Branched Arch Endografts

Double branched Triple branched

Single branched
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Terumo Relay Aortic Double Branch (inner branch)

Characteristics:

• Double branched graft

• Requires one cervical debranching 

• Single window (cannulation easy while 

maintaining cerebral perfusion)

• Self oriented pre-curved

• Dual sheath technology
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Terumo Relay Aortic Double Branch

Study from 9 Italian centers

• 24 patients included

• Technical success: 95.8%

• 30-day mortality: 16.7%

• Stroke: 12.5%

• Retrograde dissection: 8.3%

• Early re-intervention: 16.7% (4% ascending aorta replacement)
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Terumo Relay Aortic Double Branch

Multicenter study: Germany, France, Netherlands, Portugal, Japan, Hong Kong, Poland

• 43 patients

• In hospital mortality: 9%

• Disabling stroke: 7% (19% non disabling)

• Early type I endoleak in 4%
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COOK Arch Branch Graft (a-Branch)

Characteristics

• Two or Three branch configuration (third branched is 

orientated retrogradly)

• Innominate artery bridging with custom Zenith device

• LCC and LSA with other commercial stents

• Diamond shaped openings

• Pre-curved self aligning delivery system

Two Branch Three Branch
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Cook Branched Arch Endograft

Tsilimparis et al. J Vasc Surg. 2018 Nov 23

2012-2017:

▪ N = 54

▪ Urgent 20%

▪ 30d-Mortality: 3 (5.5%)

▪ Major Stroke: 3 (5.5%)
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Multicenter Results Arch Branched for post Type A Dissection

Verscheure et al. Ann Surg 2019;epub

Mortality 3%
Major Stroke: 3%
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Double Arch Branch Device
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Triple Arch Branch Device
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Branched Arch Endografts

Double branched Triple branched

How About Suitability?

How many patients currently being submitted to OSR would be 

suitable with these grafts?
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Patient selection

Initial Database

Open repair of the 

arch between 2000 -

2020

•328 patients in 

total

Screening of OR reports of 

exclude patients whose

diagnosis didn’t meet

inlusion criteria

104 Patients out

•224 patients 

included

Exclusion of patients 

without CT scans or poor

CTA quality

134 patients out

• 90 patients

•for measurements

Bright Benfor, Carlota F. Prendes, N. Tsilimparis. LMU study - Unpublished
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Anatomical suitability for the Cook Triple or double 
branched device in Zone 0

 

Anatomical suitability for Cook's Zenith Inner branch arch endograft (IBAE 

Criterion N° of patients (%) 

    Cook 2-IBAE   Cook 3-IBAE 

PLZ Diameter 24-38mm 45 (50%)   45 (50%) 

PLZ Length ≥ 40mm 43 (48%)   43 (48%) 

STJ-BCT outer curve ≥ 50mm 90 (100%)   90 (100%) 

BCT diameter ≤ 20 mm 81 (90%)   81 (90%) 

BCT length ≥ 20mm 88 (98%)   88 (98%) 

LSA diameter ≤ 20  -   83 (82%) 

LSA sealing length > 20  -   82 (91%) 

All criteria 32 (36%)   28 (31%) 

31% Feasibility
Triple Arch Branch

36% Feasibility
Double Arch Branch

Bright Benfor, Carlota F. Prendes, N. Tsilimparis. LMU study - Unpublished
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Anatomical suitability for the Bolton double branched device
in Zone 0

Anatomical suitability for Terumo's RELAY ARCH endograft 

Criterion N° of patients (%) 

PLZ Diameter 28-43mm 47 (52%) 

PLZ Length ≥ 30mm 52 (58%) 

STJ-BCT outer curve ≥ 70mm 84 (93%) 

Aortic Ø at BCT level ≥ 28mm 86 (96%) 

BCT diameter ≤ 20 mm 81 (90%) 

BCT length ≥ 25mm 81 (90%) 

BCT - LCCA < 45 89 (99%) 

All criteria 35 (39%) 

 

36% Feasibility
RELAY double Arch Branch

Bright Benfor, Carlota F. Prendes, N. Tsilimparis. LMU study - Unpublished
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Anatomical suitability for a triple or double branched device in Zone 0

53%

47%
No Feasibility : 48 pts

At least one device: 42
pts

32
29

35

25
22

Cook 2-

IBAE

Cook 3-

IBAE

Relay Arch Both 2B

devices

All 3

devices

36% 32%

39%

28%
24%

47% feasibility
At least one arch branch device

Bright Benfor, Carlota F. Prendes, N. Tsilimparis. LMU study - Unpublished
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Off-the-shelf Configuration for Arch Branch devices?

Bosse et al. J Vasc Surg. 2020 Mar 6
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54 b-TEVAR

11 emergency b-
TEVAR

CMDs used 
earlier n=3

CMDs from 
other patients 

n=8
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Aortic Case Report during the COVID-19 Pandemic
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Triple Arch Branch device from another patient
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Final Angiogram and CTA
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Case presentation

❖ Chronic Type A dissection (previously wrapped)
❖ Ruptured descending aorta with mediastinal hematoma and hematothorax
❖ 7cm aortic arch aneurysm.
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Rupture of the descending thoracic aorta, chronic type A dissection and 

arch aneurysm
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▪ Deployment of the SG in a 
healthy proximal landing 
zone precluded the normal 
branches retrograde 
cateterization   

Case  – Endo post Arch repair
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▪ Inverting the 2 (LCC) and 3 
(LSA) branches position

▪ Similar to a crossing legs 
ballerina maneuver

Case  – Endo post Arch repair
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▪ Deployed a candy-plug 
device in the distal thoracic 
false lumen to prevent 
backflow and filling upwards.

Case  – Endo post Arch repair
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▪ Post-procedural and 12 m FU 
CT scans

Case  – Endo post Arch repair
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Conclusion

Single-Branch Grafts 

Pros

• Better for the distal arch

• Higher feasibility than multibranched

• Fewer procedural steps

• Lower endovascular repair operation 

times

Cons

• Need for surgical debranching which 

is associated with increased cost, 

complications and logistics

• Difficult to use in emergency setting 

for zone 1 or 0

• Altered hemodynamics (extra-

anatomic)
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Conclusion

Multi-Branch Grafts 

Pros

• Better for the proximal arch

• Better hemodynamics (direct flow)

• Less/no need for cervical debranching 

procedures

• Feasible in emergency settings

• Maintains contralateral cerebral perfusion 

when stenting and ballooning carotid and 

innominate bridging stents 

Cons

• Technically more demanding (longer 

learning curve)

• Less overall feasibility

• Need for multiple access when 

performing the repair
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Evolution of endovascular arch repair

Single 
branch

Double
Branch

Triple
Branch
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Thank you

nikolaos.tsilimparis@med.uni-muenchen.de


