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Primary and Redo Open Aortic Arch Repair
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When Will They and Will They 
Not Be Replaced by Endo and 
Hybrid Techniques

• Gore  Consultant 
• Artivion (Cryolife) Advisory board
• Terumo Aortic  Speaker

Invasiveness

EndovascularHybrid

Anatomic Suitability

Here and now…

Open

Bypass

Transposition

Hybrid Repair
Cao et al (2012)

n = 1886
Moulakakis et al (2013)

n = 956

No. studies / patients 50 1886 26 956

30-day mortality 11% (1.6% - 25%) 12% (1.6% - 25%)

Stroke 7% (0.8% - 25%) 8% (0.6% - 18%)

Spinal cord ischemia 7% (1% - 25%) 4% (0.3% - 17%)

Dialysis - - 6% (3.6% - 12%)

Limitations
• Retrospective design
• Outcomes not adjudicated 
• Mixed aneurysm extent / etiology

Results of hybrid repair



11/19/24

2

Open Repair National Trends and Outcomes 
in Thoracic Aortic Surgery

A A T S  A O R T I C  S Y M P O S I U M  2 0 2 2 :

Nimesh D. Desai MD PhD
Associate Professor of Surgery, University of Pennsylvania
Co-Founder and Co-Director, Penn Aorta Center 
Co-Chair, Society of Thoracic Surgeons Aortic Surgery Task Force

          @NimeshDesaiMD

Penn Medicine

Proximal Aortic Repair
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Courtesy A. Vekstein MD, DCRI

1.9% 1.6%

Courtesy A. Vekstein MD, DCRI

Proximal Aortic Repair

2.0%

Outcomes – Proximal Aneurysm Operations
Circ Arrest vs No Circ Arrest

Courtesy A. Vekstein, MD, DCRI

Elective Ascending Hemiarch replacement

Mortality = 1.9%
Stroke =  3.0%

N. Desai; STS aortic database 2022
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Total Arch

Origin Period Number Non-
Elective

Stroke Mortality

CTAC 2002-2018 2,520 25% 7.5% 8.4%

STS 2011-2014 12,521 63% 12% 8%

STS/Hybrid 2014-2016 884 100% 6.9% 6.7%

Author (Year) Cases Stroke (%) Paraplegia(%) Mortality (%)
Shimamura (2008) 126 5.6 6.3 5.6

Sun (2014) 456 2.9 2.3 8.1

Shrestha (2016) 100 9.0 7.0 7.0

Hanover/Bologna (2018) 437 10.8 5.5 14.9

Roselli (2018) 72 2.8 4.2 4.2

Evita Registry (2020) 1165 7.0 7.0 15.0

J-ORCHESTRA (2022) 369 10.0 3.5 1.6

Thoraflex (2022) 65 6.0 5.0 3.0

FET:  Results



11/19/24

4

Reoperative Arch
N Stroke Early Death Late Survival

Duke (2022) 214 3% 6% 76%(5-yr),58% (10-yr)

Emory (2021) 365 6% 7% 66%(5-yr), 56% (10-yr)

Cornell (2023) 156 6% 3% 77%(5-yr), 66% (10-yr)

UTH/MHH (2020) 465 6% 8% 77%(5-yr), 67% (10-yr)

3-6% 3-8% 60% @ 10 yrs

Types of Type A Repair Outcomes

Courtesy W. Patrick MD, Penn

Types of Type A Repair Outcomes

Courtesy W. Patrick MD, Penn

Endo Arch “Achilles Heel”

Stroke

Durability

Stroke risk with endovascular arch repair

Cao et al. JACC 2023

Technique Design Device Stroke Rate, %

Branched Single branch Valiant Mona LSA Medtronic 33
TBE, Gore 3.6 - 22
Relay, Terumo 0
Nexus, Endospan 3.6

Inoue, PTMC 7.8
Dual branch Zenith, Cook Medical 2.9 – 15.8

Relay, Terumo 6.5 – 25.6
WeFlow, Endonom 0
Inoue, PTMC 33

Triple branch Zenith, Cook Medical 5.1
Terumo aortic 0

Inoue, PTMC 42.9
Fenestrated Patient-specific Zenith, Cook Medical 7.5

Relay Scallop 7.9
Alternative or ”bail out” Physician modified Single or double fenestrated 1.7 – 9.6

Parallel grafts Chimney, periscope, sandwich 8.7 – 16.1
In situ fenestrated Laser or mechanical 12

5-25%

Risk of stroke with arch repair in 4,355 
patients enrolled in the SVS VQI® registry

DiBartolomeo AD et al. Ann Vasc Surg 2023

4,355 patients treated by TEVAR
Zone 0 (8%), Zone 1 (12%), Zone 2 (80%)

Zone 0 Zone 1 Zone 2 P value

n 350 513 3,492

Stroke 11.1% 5.3% 4.7% <.0001

Mortality 6.9% 5.3% 3.5% <.002
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Stroke Mechanisms

Cao et al. JACC 2023

SOLID 
EMBOLIZATION

AIR 
EMBOLIZATION

DECREASED 
PERFUSION

High atherom atous burden

• Fem ale
• Advanced age
• Cerebrovascular disease
• Chronic kidney disease
• Ischem ic cardiom yopathy

• Degenerative aneurysm

Im aging evidence of 
atherom a

Procedure com plexity
• Zone 0 > 1 > 2
• Tortuosity, angulation

Air em bolization

• Inadequate flushing
• Polyester based > Gore

• Com pressed lum en

• Left subclavian coverage
• Incom plete circle of W illis
• Retrograde access
• Anem ia
• Intraoperative hypotension

• Stent kink/ collapse

‘Shaggy’ aorta

Absolute contra-indication!

Intraoperative Stroke Prevention
• Atheroma avoidance-TEE, epiaortic
• Single cross-clamp (avoid partial clamping)
• Temper cardiotomy suction
• Pump filter modification
• Cannulation modification (location)
• Temperature management
• pH strategy
• Cerebral Perfusion
• Perfusion pressure management
• Hct management
• Blood conservation
• Pharmaco-cerebroprotection
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“Standard” Open

Elective Arch:

Mortality <5%

Stroke <5%

Paraplegia <2%

What have we learned?
• In fit patients, Open arch repair is safe and 

remains the standard or benchmark

• Stroke remains a challenge

• Endovascular repair is here for the select patients 
(suitable anatomy, unfit)

• But…. 

Thank You!

info.ctvs@uth.tmc.edu
https://med.uth.edu/cvs/

UTH_CVSurgery


