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“…overall survival was worse in endovascularly 
treated patients compared with OSR…”

1. This is an excellent and important study.
2. This is a short neck infrarenal and juxtarenal 

study of 1916 patients with only 366 patients 
receiving FEVAR. EVAR outside of IFU 
dominates this analysis (n=682).  

3. Propensity score matching is powerful but can 
only control for known confounders. Who in this 
room believes the 366 FEVAR patients were equal 
risk to the 868 OSR patients?

n=366 FEVAR

n=621 
FEVAR
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Target Arteries: 15,812

Total TAAA (1-5) Complex AAA p-value
n=3453 n=2357 n=1096

Age at index procedure, mean (std) 73.5 (8.3) 72.8 (8.6) 75.1 (7.5) <0.0001
Male sex 2423 (70) 1546 (66) 877 (80) <0.0001
Race (can select more than one)

White 2954 (86) 1962 (83) 992 (91) <0.0001
Black 278 (8.1) 226 (9.6) 52 (4.7) <0.0001
Asian 36 (1.0) 22 (0.9) 14 (1.3) 0.35

American Indian or Alaska Native 13 (0.4) 7 (0.3) 6 (0.6) 0.37
Native Hawaiian or Pacific Islander 2 (0.1) 2 (0.1) 0 (0) 0.99

Other/unknown 91 (2.6) 71 (3.0) 20 (1.8) 0.043
Hispanic ethnicity 77 (2.2) 63 (2.7) 14 (1.3) 0.010
Comorbidities

CAD 1647 (48) 1062 (45) 585 (54) <0.0001
COPD 1211 (35) 809 (34) 402 (37) 0.19

Renal failure requiring dialysis 61 (1.8) 53 (2.3) 8 (0.7) 0.002
Diabetes 523 (15) 334 (14) 189 (17) 0.019

Hypertension 3169 (92) 2176 (92) 993 (91) 0.06
Current tobacco use 933 (27) 624 (27) 309 (28) 0.3

Prior EVAR 531 (16) 304 (13) 227 (24) <0.0001
Technical success 3327 (97) 2259 (96) 1068 (98) 0.030
ICU LOS days, mean (std) 3.3 (5.4) 3.8 (6.0) 2.0 (3.4) <0.0001
Total LOS days, mean (std) 6.4 (9.4) 7.2 (9.3) 4.8 (9.4) <0.0001
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Total LOS days, mean (std) 6.4 (9.4) 7.2 (9.3) 4.8 (9.4) <0.0001

30-Day Mortality (11/13/24): 101/3481 =

2.9%

30-day or in-hospital mortality (n=3481) 90.5%
86.4%

One Year Survival (n=3453)

61.8%

57.6%

Five Year Survival (n=3453)

99.2%

97.2%

Five Year FREEDOM FROM RUPTURE(n=3453)
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1,681 Patients / 6,349 Target Vessels

Tenorio E et al. Ann Surg 2023

Renal target artery stents
5-year Kaplan-Meier Estimates (%)

Fenestration
n = 2166

Branch
n = 989 P value

Primary patency 94±1 83±3 <.001

Secondary patency 97±1 89±2 <.001

Freedom from target vessel Instability 88±2 80±2 .001

Mid-term Renal and Mesenteric Artery Outcomes During
Fenestrated and Branched Endovascular Aortic Repair for

Complex Abdominal and Thoracoabdominal Aortic Aneurysms
in the United States Aortic Research Consortium
Emanuel R. Tenorio, MD, PhD,* Andres Schanzer, MD,† Carlos H. Timaran, MD,‡
Darren B. Schneider, MD,§ Bernardo C. Mendes, MD,∥ Matthew J. Eagleton, MD,¶
Mark A. Farber, MD,# Federico Ezequiel Parodi, MD,# Warren J. Gasper, MD,**

Adam W. Beck, MD,†† Matthew P. Sweet, MD,‡‡ Ying Huang, MD, PhD,*
Gustavo S. Oderich, MD,*✉

and on behalf of the U.S. Fenestrated and Branched Aortic Research Consortium§§

Objective: To report mid-term outcomes of renal-mesenteric target arteries
(TAs) after fenestrated-branched endovascular aortic repair (FB-EVAR)
of complex abdominal and thoracoabdominal aortic aneurysm.
Background: TA instability (TAI) is the most frequent indication for
reintervention after FB-EVAR.
Methods: Data from consecutive patients enrolled in 9 prospective
nonrandomized physician-sponsored investigational device exemption
studies between 2005 and 2020 were reviewed. TA outcomes through
5 years of follow-up were analyzed for vessels incorporated by fenes-
trations or directional branches (DBs), including TA patency, endoleak,
integrity failure, reintervention, and instability.
Results: A total of 1681 patients had 6349 renal-mesenteric arteries were tar-
geted using 3720 fenestrations (59%), 2435 DBs (38%), and 194 scallops (3%).
Mean follow was 23 ± 21 months. At 5 years, TAs incorporated by fenes-
trations had higher primary (95 ± 1% vs 91 ± 1%, P < 0.001) and secondary
patency (98 ± 1% vs 94 ± 1%, P< 0.001), and higher freedom from TAI (87
± 2% vs 84 ± 2%,P = 0.002) compared with TAs incorporated byDBs, with
no differences in other TA events. DBs targeted by balloon-expandable stent-
grafts had significantly lower freedom from TAI (78 ± 4% vs 88 ± 1%,
P = 0.006), TA endoleak (87 ± 3% vs 97 ± 1%, P < 0.001), and TA
reintervention (83 ± 4% vs 95 ± 1%,P< 0.001) comparedwith those targeted
by self-expandable stent-grafts

Conclusions: Incorporation of renal and mesenteric TA during FB-
EVAR is safe and durable with high 5-year patency rates and low free-
dom from TAI. DBs have lower patency rates and lower freedom from
TAI than fenestrations, with better performance for self-expandable stent
grafts as compared with balloon-expandable stent grafts.

KeyWords: branch construction, bridging stent, complex abdominal aortic
aneurysm, fenestrated-branched endovascular repair, thoracoabdominal
aortic aneurysm

(Ann Surg 2023;278:e893–e902)

F enestrated-branched endovascular aortic repair (FB-EVAR)
has been used as an alternative to open surgical repair for the

treatment of complex abdominal aortic aneurysm (CAAA) and
thoracoabdominal aortic aneurysm (TAAA).1,2 The technique
applies the concept of modular stent grafts using reinforced
fenestrations or directional branches (DBs) to incorporate the
renal and mesenteric arteries into the aortic repair. Although
these stent grafts are often tailored to the patient’s anatomy, off-
the-shelf devices based on multiple DBs offer the advantages of
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Juxta/Para Sac Behavior (n = 1096)
SVS Sac Behavior Definitions

• Expansion: sac diameter increase ≥ 5 mm
• Regression: sac diameter decrease ≥ 5 mm
• Stable: change in diameter < 5 mm in either 

direction

Study
Cohort

n = 1096

Non-expansion
n = 767 (91.4%)

Expansion
n = 83 (8.6%)

Regression
n = 427 (56%)

Stable
n = 340 (44%)

• Thoughts
– Largest dataset of F/BEVAR in the world
– FDA audited
– Outcomes superior to open repair

United States Aortic Research 
Consortium

Open Surgical Repair of Complex AAA in 
Large Single Center Studies

Author (Reference) n 30-day Mortality Renal failure Dialysis
Giulini et al (Eur JVES 2000) 56 3.6% - 2%
Ayri et al (Ann Vas Sur 2001) 53 11% - -
Sarac et al (J Vasc Surg 2002) 138 5.1% 22% 3%
Shortell et al (J Vasc Surg 
2003)

112 6% 12% 3%

Bicknell et al (Eur JVES 2003) 44 6.8% - -
Kudo et al  (J Vasc Surg 2008) 18 0 17% 5.6%
Chiesa et al  (J Vasc Surg 2006) 119 7.6% 18% 5.8%
West et al (J Vasc Surg 2006) 243 2.5% 22% 2%
Knott et al (J Vasc Surg 2007) 126 0.8% 22% 1%

1202 4.2% 19% 3.8%

Open vs Fenestrated Repair for Complex 
AAA in the United States

Linsen et al. J Vasc Surg 2012

Open Repair
n = 598

Fenestrated Repair
n = 629 patients

Mean age 73 71

30-day mortality 4.5% 2%
Dialysis 6% 2%
Return to OR 9% -

Re-intervention - 17%

Branch patency - 93%

Review of NSQIP Database on Juxtarenal Aneurysms

2x↑ mortality
3x↑ dialysis

Systematic Review of Open vs Fenestrated 
Repair for Complex AAA

Nordon et al. Eur J Vasc Surg 2009

Systematic Open Repair
(n = 1164)

Fenestrated
Endografts

(n = 368)

RR 
(95% CI)

P value

30-day mortality 3.6% 2.7-4.9 1.4% 0.4-3.1 1.03 (1.01-1.04) .02

Renal impairment 20% 17.9-22.5 15% 11.5-18.7 1.01 (1.01-1.12) .03

Dialysis 1.4% 0.8-2.3 1.4% 0.5-3.1 1.00 (0.99-1.01) 1

Primary endoleak - - 6% 3.1-7.8 - -
Vessel patency - - 97% 95.4-97.8 - -

Re-intervention 2.6% 1.5-4.4 15% 11.5-18.7 0.87 (0.83-0.91) .00012x↑ mortality
5x↓ reinterventions
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Outcomes of Open Surgical Repair and 
Fenestrated Repair of CAAAs in the SVS VQI

Rastogi et al. Eur J Vasc Endovasc Surg 2023

Age <65 Age 65-75

FEVAR OSR OR (95% CI P 
value

FEVAR OSR OR (95% CI P value

30-day mortality 0.9% 2.1% 0.40(0.07-1.44) .22 2.2% 5.0% 0.50(0.30-0.79) .004

Dialysis 1.3% 2.6% 0.51(0.14-1.43) .24 1.2% 5.4% 0.60(0.35-0.89) <.001

Cardiac 
complications 0.4% 5.0% 0.15(0.03-0.47) .005 2.5% 7.6% 0.42(0.28-0.62) <.001

Pulmonary 
complications 2.7% 7.5% 0.22(0.07-0.50) .002 2.5% 12% 0.29(0.28-0.62) <.001

Any complications 5.8% 16% 0.32(0.18-0.54) <.001 8% 23% 0.38(0.26-0.42) <.001

For age > 65
2x↑ mortality

3x↑ dialysis, cardiac, 
pulmonary complications

Tinelli et al. Eur J Vasc Endovasc Surg 2024

Open vs Fenestrated Repair for Complex 
AAA in France

Open Repair
n = 102

Fenestrated 
Repair

n = 102 patients

p-value

Long-term overall 
mortality 36.3% 40.2% 0.40
Aneurysm-related 
mortality 5.8% 6.8% 0.30
Late renal function 
decline 47.4% 27.8% <0.01

Reinterventions 5.1% 23.5% <0.01

Review of 2 High Volume Centers on CAAA

2x↑ renal function decline
4x↓ Reinteventions

Tinelli et al. Eur J Vasc Endovasc Surg 2024

2019 ESVES AAA guidelines
Recommendation Class Level

95 In patients with CAAAs, open repair or complex endovascular repair should be 
considered based on patient status, anatomy, local expertise, team experience 
and patient preference

IIa C

96 In complex endovascular AAA repair, FB-EVAR should be considered the 
preferred option when feasible IIa C

97 In complex endovascular AAA repair, parallel grafts, endo-stables, in situ 
fenestrations may be considered in the emergency setting when fenestrated 
grafts are not indicated or available or as a bail out, ideally restricted to ≤2 parallel 
grafts

IIa C

98 In patients with CAAAs, new techniques or concepts (EVAS, in situ, etc) are not 
recommended as first line of treatment III C

99 In patients with ruptured CAAAs, open repair or complex endovascular repair 
(with PMEGs, off the shelf or parallel grafts) may be considered based on patient 
status, anatomy, local experience, team experience and patient preference IIa C

Wanhainen A, et al. Eur J Vasc Endovasc Surg 2019

Isselbacher E et al. Circulation and JACC 2022

2022 ACC / AHA Guideline for the Diagnosis
And Management of Aortic Disease 

CLINICAL PRACTICE GUIDELINE

Complex Abdominal Aortic Aneurysms

INTACT

Repair
is recommended 
when diameter is 
≥ 5.5-cm in men 
and ≥ 5-cm (Class 
1)

In low-moderate 
risk patients with 
suitable anatomy 
for open or endo 
repair, shared 
decision making 
is recommended 
weighting risks/ 
benefits of each 
option (Class 1) 

In high risk patients 
with CAAAs and 
suitable anatomy, 
FB-EVAR is 
reasonable over open 
repair (Class 2a)

In patients with 
Ruptured AAA 
and suitable 
anatomy, EVAR is 
recommended 
over open repair 
(Class 1)

RUPTURED

In stable patients 
with CAAAs 
endovascular  repair
is reasonable in 
centers with 
expertise and access 
to devices (Class 2b)

Conclusions
• F/BEVAR is associated with lower morbidity and mortality compared 

to open surgical repair for complex AAA, despite being used in older 
and higher risk patients
• Limitations of F/BEVAR are important to acknowledge: secondary 

intervention, limited access, regulatory hurdles, cost, and need for 
surveillance
• While open and endovascular repair are valuable, it’s time to stop 

starting and ending every talk with, “Open repair is the gold 
standard.” Because it no longer is.
• The US ARC has established a higher level of evidence supporting 

use of FB-EVAR in most patients with cAAA (and TAAAs)
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Thank You.




