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Outline
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Open Total Arch Replacement

• 250 elective TAR 2010 to 2021
• Mortality 5.2%
• Stroke 10%
• More delirium (22%), prolonged intubation (18%), longer ICU stay 

(6 days) in and transfusions in TAR compared to hemiarch group
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Open Total Arch Repair – Difficult to compare?
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• Many configurations

• Blurs the line between:
• “hybrid” arch repairs
• classical Zone 3 TAR



Different Techniques

• Parallel Grafts
• Antegrade (Chimney) or Retrograde (Periscope)

• In Situ Fenestration
• Mechanical or Laser fenestration

• Physician Modified Endografts

• Branched and Fenestrated Arch Grafts
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Intraoperative Adjuncts

• TEE +/- IVUS
• Aortic impulse control

• Partial right atrial inflow occlusion
• Rapid ventricular pacing
• Adenosine induced asystole

• Spinal drainage
• For those with planned extension past T8
• Previous perivisceral or aortic surgery

• Supra-aortic debranching and access
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Supra-aortic Debranching

• Most commonly a carotid-carotid-
subclavian bypass 

• or carotid-carotid transposition with a L 
subclavian bypass.

• High patency (92% at 10 years)
• occlusions usually carotid subclavian 

component and are asymptomatic

• 1% risk of stroke with isolated left C-S 
bypass, 2-3% with two vessel bypass 

• Dysphagia can persist in 20%
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Parallel Grafts

• Use of off the shelf covered stents to 
reconstruct branches in parallel with 
aortic component.

• A TEVAR is placed alongside this 
stent(s) with the goal of excluding 
flow from the aneurysm sac and 
preserving flow into the supra-aortic 
vessel(s)

• One major limitation is persistent 
Type 1A endoleaks (5-44%)

• some resolve spontaneously but can 
persist in 10-15%
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Zone 0 TEVAR with BCT Parallel Graft

• 65Y male with previous Bentall for 
Type A dissection

• Previous Zone 1 TEVAR with C-C-S 
debranching

• Proximal DTA chronic dissection 
aneurysm growing with concern for 
Type 1A endoleak.

• Unfit for redo ascending repair and 
decision made to extend into 
ascending (Zone 0) with BCT stent
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In Situ Fenestration

• Require some sort or cerebral 
perfusion while graft being 
deployed and fenestrated

• Gutter balloon or extracorporeal 
circulation

• Fenestrations are not reinforced 
and can tear or fracture.

• This is because they can be non-
circumferential

• Leads to difficult to manage Type III 
endoleaks (10-20%)

• Advantage is use of off the shelf 
non-custom devices 11
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In Situ Fenestration – Aorto-Bronchial Fistula

• 85 Y male, hemoptysis
• Recent S. aureus bacteremia
• Independent living at home
• Found to have Zone 1 mycotic aortic 

arch aneurysm 
• Turned down for open repair
• Offered repair with insitu fenestration
• Post op stoke with recovery to mRS 2, 

back at home, walks with walker, 1 
year out with aneurysm regressing

• Died in February, urosepsis
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Physician Modified Endografts
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Photo courtesy of Tommaso Cambiaghi and Gustavo Oderich,
University of Texas Health Science Center at Houston

• Back table modifications of current off the 
shelf TEVAR devices.

• Modifications done based on clinician’s 
interpretation of CT scan and extrapolation to 
device.

• They are then re-constrained to delivery 
system and deployed with proper 
orientation.

• Require experience with technique and 
precise deployment.



Cook Zenith Branched Arch Endograft

• Most used to date, hundreds of 
implants worldwide

• Custom made device
• Requires time to order and build
• Antegrade or retrograde branches (IA 

and LCC) with option for retrograde 3rd

branch (LSA)

• Health Canada Special Access
• Requires 22-26 Fr access, aortic 

diameter <38 mm for proximal 
landing zone
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• Single branch device
• Available in Zone 2 (8mm portal) and 

Zone 0 (12mm portal) configurations
• Thoracic and side branched 

component delivered from femoral 
access

• Requires 22-26 Fr access, can treat 16 
to 42mm diameter aorta, 6 to 18mm 
branches

• Health Canada approved

GORE Thoracic Branch Endoprosthesis (TBE)
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GORE Thoracic Branch Endoprosthesis (TBE)
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Terumo Aortic Relay Branch

• Custom device with usually 2 antegrade 
branches – avoids C-C bypass

• Can be custom configured for 1 or 3 
branches (1 or 2 ante and 1 or 2 retrograde)

• Large branch portal facilitates cerebral 
perfusion and easy cannulation

• Dual sheath technology for easier aortic 
arch trackability

• Requires 22-26Fr access
• Health Canada special access
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Zone 0 Relay Double Branch Graft

• 74Y male previous Type A with 
Bio-Bentall and ascending 
replacement, LVEF now 30%

• Chronic dissection aneurysm 
with Zone 2 TEVAR and C-S 
bypass

• Type 1A endoleak with 
growing proximal DTA 
aneurysm
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NEXUS Aortic Arch Stent Graft System

• Modular single branch arch stent graft
• Different in that “branch” is the ascending aortic 

module

• Requires rapid ventricular pacing or caval inflow 
occlusion for deployment

• Would require supra-aortic (carotid-carotid-
subclavian) debranching

• Currently Health Canada Special Access
• Also available in Duo and Tre configurations

19https://www.jotec.com/en/products/thoracic-stent-grafts/nexus-by-endospan.html



• 39 patients, 14 (36%) degenerative and 25 (64%) cTAAD aneurysms
• ASA class > or = to 3 in 95%, previous sternotomy in 28 (72%)
• Technical success 100%, primary branch patency at 1 year 95%
• 30 day mortality 5%, combined 30 day mortality and stroke 8%
• Major adverse events in 26%
• Reinterventions in 12 patients (31%)

Outcomes
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Outcomes
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9% Type 1 or 3



Case Workup and Unique Complications

Workup
• Previous cardiac surgery

• CABG? Proximal graft anastomosis
• Prosthetic aortic valve- ?mechanical

• Valvular pathology
• Anticipated future procedures?

• Coronary artery disease anatomy
• Future management?

• Ascending aortic disease
• Root dimensions?
• Previous graft? Kinking? Landing zone 

angles?
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Complications
• Coronary partial coverage

• Stent? ECMO?

• Valve disruption
• Bailout TAVI?

• LV perforation
• Sternotomy? Many patients have had 

previous cardiac surgery
• Not easy for ascending crossclamp
• Aortic cannulation?

• Pericardial tamponade
• Sternotomy?

• Arrythmias
• Pacing?



Future Directions – Multidisciplinary Care
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Future Directions – Ascending Stent Grafts
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Future Directions – Ascending Stent Grafts
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• ARISE I 
• 15.8% 30-day mortality, 5.3% stroke

• Only 15-20% of patients assessed are on IFU
• Usually due to lack of proximal landing zone

Roselli et al., Journal of Endovascular Therapy
2023, Vol. 30(4) 550 –560



Future Directions – From Valve to Bifurcation

• Aortic valve – TAVR with coronary 
branches or fenestrations?

• Ascending Aortic Stent Grafts
• Total Endovascular Arch Repair
• DTA - TEVAR
• Perivisceral Aorta - FEVAR or BEVAR
• Infrarenal Aorta and bifurcation –

EVAR
• Iliac Bifurcation – IBE grafts
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Leshnower BG, Duwayri YM, Nicholson WJ, Ueyama H, Gleason PT, Shekiladze N, Greenbaum AB, Babaliaros V. Endo-Bentall Procedure 
Using Off-the-Shelf Catheter Devices to Repair an Aorto-Atrial Fistula. Circ Cardiovasc Interv. 2023 Apr;16(4):e012848. doi: 
10.1161/CIRCINTERVENTIONS.122.012848. Epub 2023 Apr 3. PMID: 37009733.



Future Directions – Endo-Bentall

• 8 patients
• 0% 30-day mortality, 0% stroke
• 1 permanent pacemaker
• 0% Type 1A endoleak
• 20% Type 1B endoleak

28Ghoreishi et al., J Thorac Cardiovasc Surg. 2025 Jan 
15:S0022-5223(25)00028-5



Conclusions

• Total endovascular aortic arch repair (TEAAR) is 
an increasingly feasible technique for arch 
repair.

• Stroke risk mitigation is paramount.
• Much like F/B-EVAR there is a learning curve for 

both surgeon and institution.
• Multidisciplinary case planning and execution is 

key.
• Endoleaks can be difficult to treat.
• Important to have a full understanding of 

patient’s structural heart disease prior to TEAAR.
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