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Risk of rupture

Joon Bum Kim et al: Circulation; 132:1620, 2015
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Risk of rupture of a 6-cm TAAA?

Zafar MA et al. J Thoracic and CV Surgery 2018

BSA Annual 
Risk

1.3 18%
1.8 12%
2.5 7%



Risk of rupture of a 6-cm TAAA?

Zafar MA et al. J Thoracic and CV Surgery 2018

Height Annual 
Risk

55” 18%
67” 12%
81” 7%



Risks of complex aortic repair
Stroke

Paralysis

Cardiac/pulmonary 
complications

Dialysis
Bowel gangrene

DEATH



Isselbacher et al. JACC, November 2 2022

Thoracoabdominal Aortic Aneurysm

RUPTURED

Open Repair
is recommended 
(Class 1)

Endovascular  Repair
is reasonable in centers 
with expertise and access 
to devices (Class 2b)

STABLE

INTACT

Repair
is recommended when 
diameter is ≥ 6-cm 
(Class 1)

In patients with 
genetically triggered 
aortic diseases (e.g. 
Marfans), open repair 
is recommended 
(Class 1)

In patients with suitable 
anatomy, 
FB-EVAR may be 
considered in centers with 
expertise and access to 
devices (Class 2b)



Thoracoabdominal aortic aneurysms

Ouzounian M et al. JACC 2022



Treatment selection

F R A
FRAIL RISK ANATOMY GENETIC LIFE

EXPECTANCY

Open No Low Any Any >10 years

Endovascular No or Frail Low or High Suitable Selected ≷10 years

Non-Operative Super Prohibitive Poor - Short (<1-2y)

GI LE



Decision-making
• Branch stent-grafts address 

anatomical challenges and 
broaden the indications of 
endovascular aortic repair

• Novel designs are based on 
extensive physician input, clinical 
experience and bench engineer 
redesign and testing

• Strengths are branch specific bridging 
stents, use of pre-loaded wires, 
repositionable stents and conformable 
technology 

Hospital/Surgeon 
outcomes

Clinical fitnessAnatomy



Anatomical factors

• Landing zones
• Access
• Target vessels

- Diameter
- Early bifurcation
- Accessory anatomy
- Occlusive disease

• Atheromatous debris (‘shagginess’)



Mega-aorta syndrome

• 520 consecutive planned FB-EVARs
• 11 patients required first stage total arch replacement

- One 30-day mortality (10%)
- 10 completed FB-EVAR procedure with no mortality (90%)

Kawajiri et al. J Vasc Surg 2021



Access

• Stenosis
• Tortuosity
• Prior stents
• Kinked grafts



Iliofemoral conduits during FB-EVAR

• 466 consecutive FB-EVAR 
patients enrolled in prospective 
IDE study

• Iliofemoral conduits used in 35 
patients (8%)

• No inadvertent iliac artery 
ruptures

• 30-day mortality: 1%

Neto et al. J Vasc Surg 2023

Outcomes of iliofemoral conduits during fenestrated-branched 
endovascular repair of complex abdominal and 
thoracoabdominal aortic aneurysms

Marina Dias-Neto, MD, PhD, Giulianna Marcondes, MD, Emanuel R. Tenorio, MD, 
PhD, Guilherme B. Barbosa Lima, MD, PhD, Aidin Baghbani-Oskouei, MD, Andrea 
Vacirca, MD, PhD, Bernardo C. Mendes, MD, Naveed Saqib, MD, Aleem K. Mirza, 
MD, and Gustavo S. Oderich, MD   Houston, TX; and Rochester, MN



Target vessels

Anatomical criteria n = 520

Bifurcation <13mm 42 (9%)

Diameter <4mm 28 (5%)

aRA with >40% eRPP* 28 (5%)

Any issue 92 (18%)

Mendes et al. J Vasc Surg 2015

* eRPP, estimated renal parenchyma perfusion

• 520 consecutive patients treated 
for complex AAAs



Issues with small renal arteries

• Difficult catheterization
• Vessel disruption or 

dissection
• Stent stenosis or 

occlusion



Double fenestrations



Hepato-renal bypass



Hepato-renal bypass



77F with chronic mesenteric ischemia and 
large TAAA

5mm iliac 
arteries

Flush SMA 
occlusion






Staged FB-EVAR






‘Shaggy aorta’

• Mesenteric ischemia and mortality
Patel SD et al. Eur J Vasc Endovasc Surg 2014

• Stroke
Kahler P et al. Ann Thorac Surg 2014

• Spinal cord ischemia 
Kato M et al. Eur J Cardiothoracic Surg 2014

• Renal deterioration
Sandri et al. J Vasc Surg 2017



Life expectancy

Time?
Quality of life?

• Frailty, sarcopenia
• Advanced cardiac disease
• Advanced pulmonary disease
• End-stage renal disease
• Malignancies 



Frailty phenotype

Modified from Afilalo J, et al. JACC 2014

Inflammation
(TNFɑ, IL-6,CRP)

Androgen Deficiency
Insulin Resistance

↓ Muscle mass & 
composition
(Sarcopenia)

Slowness
Weakness
Shrinking
Inactivity

Exhaustion

Subclinical 
multisystem 
dysfunction

Cardiovascular disease
Lifelong ‘wear & tear’
Genetic predisposition

Low metabolic rate
Malnutrition

Bedrest



Frailty and sarcopenia

Karkkainen J et al. J Vasc Surg 2020
Karkkainen J et al. Eur J Vasc Surg 2020



Sarcopenia

• Sarcopenia is a component of frailty 
characterized by loss of skeletal muscle 
mass and fatty infiltration of skeletal 
muscle

• Skeletal muscle mass can be evaluated 
using computed tomography (CT)

• Sarcopenia has been associated with an 
increased mortality and functional 
decline

Mayr R et al. World J Urol 2018



Psoas muscle area (PMA) & density (PMD)

• Measurement at L3-level 
from a single axial slice 
where both transverse 
processes are visible

• Lean Psoas Muscle Area
LPMA = PMA × PMD  (cm2HU)



ASA classification
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Expected survival
ASA Class 4
• 2-years: 60%
• 5-years: 30%



Congestive heart failure
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Arnold JM et al. European Heart Journal. 2013

Expected survival
NYHA Class 4
• 2-years: 60%
• 5-years: 40%



Chronic pulmonary disease
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van Hirtum PV et al. Respiratory Medicine 2018

Expected survival
Gold Class 4
• 2-years: 60%
• 5-years: 20%



77M, 8-cm TAAA

Oderich et al. Ann Surg 2021

• FEV1: 1.1 L (36%)
• DLCO: 11 ml/min/mmHg (43%)
• Home O2

• No complications
• Alive at 18 month follow up



End-stage renal disease 

Kao TW et al. J Nephrol. 2010 
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Malignancies (~15% of aneurysm patients)



84F, large TAAA

• Frail, 
debilitated state

• Home O2

• CHF (EF 20%)

• Cr 2.6 mg/dL

No Repair



Genetically triggered aortic diseases
127 patients
Mean age 43±12
Mortality: 4%

Coselli J et al. Ann Thorac Surg 2016

Keschenau (Jacobs) et al. Eur J Vasc Endovasc Surg 2017

72 patients
Median age, 41
Mortality: 11%

2012 patients
314 patients with CTDs
Mortality: 6% (<50 yo)

Tanaka et al. Ann Thorac Surg 2019



26M, LDS, intercostal patch TAAA



45F, LDS, multiple patch aneurysms



Ying Huang MD PhD, Jill Colglazier MD, Thomas C. Bower MD, Alberto Pochetino MD, Manju Kalra MBBS, 
Randall DeMartino MD, Kevin Greason MD, Scott Harmsen, 

Peter Gloviczki MD and Gustavo S. Oderich MD

TREATMENT TRENDS AND OUTCOMES FOLLOWING 
ENDOVASCULAR VERSUS OPEN SURGICAL REPAIR OF 

THORACOABDOMINAL AORTIC ANEURYSMS

Presented at the Annual Meeting of the European Society for 
Vascular and Endovascular Surgery

Submitted for publication (2024)



Overall 18 29 25 18 16 30 46 50 51 52 56 78 35

OSR 15 15 22 7 7 14 13 13 11 8 9 8 5

FB-EVAR 3 14 3 11 9 16 33 37 40 44 47 70 30

Number of Cases

2020

Procedure Year

201920182017201620152014201320122011201020092008
0%

20%

40%

60%

80%

100%

FB-EVAR
OSR

Treatment trends (2008-2020)

504 patients treated by elective 
repair of TAAAs



20

30

40

50

60

70

80

90

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

OR
FBEVAR
Linear (OR)
Linear (FBEVAR)A

ge

Year

71

52

Decline in age of open surgical patients



Open surgical TAAA repair

1. Moulakakis et al. J Vasc Surg 2018

10.3%
[7.3-13.6]

Large Centers1

(30 publications)
n = 9,963

26%

15%

National Data2

(1998-2011)
n = 14,261

2. Polanco et al. J Vasc Surg  2021

30-day Operative Mortality 



Morbidity of Open TAAA Repair

19%Overall Age < 50 Age > 50 P 
valuen = 2012 n = 276 n = 1736

Respiratory failure 39% 31% 40% .004

New onset dialysis 21% 12% 23% .19

Stroke 5% 4% 6% .19

Spinal cord injury 8% 3% 9% .001

Mortality 16% 6% 17% .001

Length of stay 13 12 14 .17

Tanaka et al. Ann Thorac Surg 2019



• Nine ongoing prospective, non-randomized IDE studies
• Event adjudication, internal monitoring and  FDA reporting
• Data sharing agreement
• Digital encrypted database

UNITED STATES AORTIC 
RESEARCH CONSORTIUM



PS-IDE patient enrollment

565 patients underwent FB-EVAR implantation

UT Health
Houston, TX

2013 2014 2015 2016 2017 2018 2019 2020 2021

Implants per Year

4

52 55 54
66

77 82

21

50 42
11

2022

54

Mayo Clinic
Rochester, MN

2023

65



All patients
n = 629

IDE Mayo 
n = 475

UTHealth
n = 154 P Value

Male sex 441 (70) 336 (71) 105 (68) .55

Age (years, mean ± SD) 73 ± 9 74 ± 8 71 ± 10 <.001

Hypertension 570 (91) 420 (88) 150 (97) <.001

Hyperlipidemia 483 (77) 373 (79) 110 (71) .07

Tobacco use 466 (74) 372 (78) 94 (61) <.001

Coronary artery disease 298 (47) 229 (48) 69 (45) .46
CKD Stage III to V 277 (44) 217 (46) 60 (39) .14

COPD 201 (32) 142 (30) 59 (38) .05

Diabetes Mellitus 89 (14) 69 (15) 20 (13) .63

ESRD (CKD Stage V) 11 (2) 2 (0.4) 9 (6) <.001

ASA Class ≥ 3 391 (62) 238 (50) 123 (80) <.001

Patient characteristics



Gustavo S. Oderich MD, Ying Huang MD PhD, William Scott Harmsen, Emanuel R. Tenorio, Andres Schanzer, Carlos H. Timaran, 
Darren B. Schneider, Bernardo C. Mendes, Matthew J. Eagleton, Mark A. Farber, Warren J. Gasper, Adam W. Beck, Matthew P. 

Sweet, Anthony Lee

On Behalf of the United States Aortic Research Consortium

EFFECTIVENESS OF FENESTRATED-BRANCHED 
ENDOVASCULAR AORTIC REPAIR TO PREVENT 
MORTALITY AND RUPTURE IN PATIENTS WITH 
THORACOABDOMINAL AORTIC ANEURYSMS

Submitted for publication (Circulation 2024)



Number at Risk 1072 904 724 523 346 162
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Median Follow up, 3.0 
years [1.6 – 4.6]
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1,577 Extent I-III TAAAs…

• Staged repair was associated with lower mortality (4% v 7%), lower risk of 
spinal cord injury (10% v 15%), permanent paraplegia (3% v 8%) and 
composite mortality/permanent paraplegia (6% v 14%)

• Staged repair offered higher patient survival and lower incidence of 
aortic-related mortality at 5-years

Dias Neto M et al. J Vasc Surg 2023



Conclusion
• FB-EVAR is safe and effective with nearly identical outcomes in 

octagenarians compared to non-octagenarians

893 patients…

Motta et al. J Vasc Surg 2020



Conclusion
• Open repair remains the first option for fit patients with 

connective tissue disorders and unsuitable anatomy

• FB-EVAR is associated with lower morbidity and mortality 
compared to open surgical repair, despite being used in older and 
higher risk patients

• FB-EVAR should be considered in patients with suitable anatomy 
and in centers with expertise

• Limitations of FB-EVAR continue to be access, regulatory approval, 
cost and need for surveillance



Thank You!

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

UTH_CVSurgery
Cardiothoracic &
Vascular Surgery

Department of
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