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Open Surgical Repair of Complex AAA in 
Large Single Center Studies

Author (Reference) n 30-day Mortality Renal Injury 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) .0001

2x↑ mortality
5x↓ reinterventions

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
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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

“RCT for FEVAR does not exist.”
“Equipose does not exist.”

“UK-COMPASS publication is imminet.”
Eur J Endvovasc Surg, 2024

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

1. 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). Most agree, 
EVAR outside IFU is a bad strategy. 

2. 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?

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)
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UNITED STATES 
AORTIC RESEARCH 

CONSORTIUM

United States F/BEVAR Aortic Research 
Consortium (ARC)

University of
North Carolina
M ark A . F arb e r

University of 
Pennsylvania
D arre n  B . S ch n e id e r

University of
Massachusetts
A n d re s S ch an ze r

University of Washington
M atth e w  S w e e t

University of California
San Francisco
W arre n  G asp ar

University
of Alabama
A d am  W . B e ck

Mass General
Hospital
M att E ag le to n

• 10 US sites

• Prospective, 
physician-
sponsored studies

• Independent 
monitoring, FDA 
audited

• Similar device 
design with 
selective use of 
fenestrations and 
branches

University of Texas
South Western
C arlo s  H . T im aran

University of Texas
Houston
G u stavo  O d e rich

Boca Raton
Florida
A n th o n y  Le e

Target Arteries: 15,812
n=240

n=661
n=564

n=893
n=893

n=886

n=1681n=1681

n=1681 6349 fens/branches
2426 directional branches

n=1681

n=2413

n=2991

n=3296

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

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 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

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

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

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

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

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

2.9%

30-day or in-hospital mortality (n=3481)
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Dr. Coselli – 3,309 patients
30 Day Mortality 7%

Outcomes of 3309 thoracoabdominal aortic aneurysm repairs

Joseph S. Coselli, MD,a,d,e Scott A. LeMaire, MD,a,b,c,d,e Ourania Preventza, MD,a,d,e

Kim I. de la Cruz, MD,a,d,e Denton A. Cooley, MD,d Matt D. Price, MS,a,d Alan P. Stolz, MEd,a,d

Susan Y. Green, MPH,a,d Courtney N. Arredondo, MSPH,b and Todd K. Rosengart, MDa,c,d,e

ABSTRACT

Objective: Since the pioneering era of E. Stanley Crawford, our multimodal
strategy for thoracoabdominal aortic aneurysm repair has evolved. We describe
our approximately 3-decade single-practice experience regarding 3309
thoracoabdominal aortic aneurysm repairs and identify predictors of early death
and other adverse postoperative outcomes.

Methods: We analyzed retrospective (1986-2006) and prospective data
(2006-2014) obtained from patients (2043 male; median age, 67 [59-73] years)
who underwent 914 Crawford extent I, 1066 extent II, 660 extent III, and 669
extent IV thoracoabdominal aortic aneurysm repairs, of which 723 (21.8%)
were urgent or emergency. Repairs were performed to treat degenerative
aneurysm (64.2%) or aortic dissection (35.8%). The outcomes examined
included operative death (ie, 30-day or in-hospital death) and permanent stroke,
paraplegia, paraparesis, and renal failure necessitating dialysis, as well as adverse
event, a composite of these outcomes.

Results: There were 249 operative deaths (7.5%). Permanent paraplegia and
paraparesis occurred after 97 (2.9%) and 81 (2.4%) repairs, respectively. Of
189 patients (5.7%) with permanent renal failure, 107 died in the hospital.
Permanent stroke was relatively uncommon (n ¼ 74; 2.2%). The rate of the
composite adverse event (n ¼ 478; 14.4%) was highest after extent II repair
(n ¼ 203; 19.0%) and lowest after extent IV repair (n ¼ 67; 10.2%; P<.0001).
Estimated postoperative survival was 83.5% " 0.7% at 1 year, 63.6% " 0.9%
at 5 years, 36.8% " 1.0% at 10 years, and 18.3% " 0.9% at 15 years.

Conclusions: Repairing thoracoabdominal aortic aneurysms poses substantial
risks, particularly when the entire thoracoabdominal aorta (extent II) is replaced.
Nonetheless, our data suggest that thoracoabdominal aortic aneurysm
repair, when performed at an experienced center, can produce respectable
outcomes. (J Thorac Cardiovasc Surg 2016;151:1323-38)

Outcomes of TAAA repair differ by Crawford extent.

Central Message

Open TAAA repair produces respectable out-
comes, but there is clearly room for improve-
ment. Outcome differs by repair extent.

Perspective

We present the results of 3309 open TAAA re-
pairs to elucidate operative risk. These repairs
require interrupting blood flow to vital organs,
which incurs the risk of postoperative para-
plegia, renal failure, and other complications.
Our data suggest that open TAAA repair per-
formed at an experienced center can produce
respectable outcomes, but further improvement
is needed.

See Editorial Commentary page 1339.

See Editorial page 1232.

Thoracoabdominal aortic aneurysm (TAAA) repair was first
performed in the 1950s1-3 and soon became a signature
repair under Michael E. DeBakey’s tutelage at Baylor

College of Medicine4—the premier aortic center of this
pioneering era. Into the 1970s and beyond, E. Stanley
Crawford refined TAAA repair by invoking many surgical
concepts that remain in use today: endoaortic graft
inclusion, expeditious repair, reattachment of intercostal
and lumbar arteries, and patch reattachment of visceral
vessels, to name a few.5 Through the efforts of Drs
DeBakey, Denton A. Cooley, and Crawford and their

From the aDivision of Cardiothoracic Surgery, bSurgical Research Core, Michael E.
DeBakey Department of Surgery, cCardiovascular Research Institute, Baylor
College of Medicine, Houston, Tex; dDepartment of Cardiovascular Surgery, Texas
Heart Institute, Houston, Tex; and eCHI St Luke’s Health–Baylor St Luke’s
Medical Center, Houston, Tex.

Read at the 95th Annual Meeting of The American Association for Thoracic Sur-
gery, Seattle, Washington, April 25-29, 2015.

Received for publication May 1, 2015; revisions received Dec 1, 2015; accepted for
publication Dec 14, 2015; available ahead of print Feb 19, 2016.

Address for reprints: Joseph S. Coselli, MD, One Baylor Plaza, BCM 390, Houston,
TX 77030 (E-mail: jcoselli@bcm.edu).

0022-5223/$36.00
Copyright ! 2016 by The American Association for Thoracic Surgery
http://dx.doi.org/10.1016/j.jtcvs.2015.12.050

Scanning this QR code will take
you to the article title page. To
view the AATS 2015 Webcast,
see the URL at the end of the
article.
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Dr. Cambria – 516 patients
30 Day Mortality 8%

From the Vascular and Endovascular Surgery Society

Durability of open surgical repair of type I-III
thoracoabdominal aortic aneurysm
Christopher A. Latz, MD,a Richard P. Cambria, MD,b Virendra I. Patel, MD, MPH,c Jahan Mohebali, MD,a

Emel A. Ergul, MS,a R. Todd Lancaster, MD, MPH,a Mark F. Conrad, MD, MMSc,a and W. Darrin Clouse, MD,a

Boston and Brighton, Mass; and New York, NY

ABSTRACT
Objective: Early outcomes and late mortality after open repair of extent I to III thoracoabdominal aortic aneurysms
(TAAAs) are described, but late graft and aortic events are seldom detailed. This study investigated long-term aortic and
graft outcomes as these data are increasingly important as endovascular repair matures.

Methods: During 28 years, 516 patients underwent repair (type I, n ¼ 177 [34%]; type II, n ¼ 100 [20%]; type III, n ¼ 239
[46%]). Patients were monitored for late events. Late aortic events were defined as native aortic disease leading to death
or further intervention. Planned secondary procedures were excluded. Graft complications included anastomotic
aneurysm, graft infection, and branch occlusions. Variables were assessed for association with end points using log-rank
methods and Cox proportional hazards regression. Time-to-event analysis was performed using Kaplan-Meier methods.

Results: In-hospital death occurred in 40 patients (8%), leaving 476 for surveillance. Mean age was 69.8 6 10.5 years. Mean
follow-up was 4.9 6 4.6 years. Repair conduct included distal aortic perfusion and motor evoked potential monitoring
(n ¼ 169 [35.5%]), clamp and sew (n ¼ 307 [64.5%]), and selectively applied in-linemesenteric shunting (n ¼ 172 [36.1%]). At
the time of repair, 117 patients (24.6%) had 122 synchronous, noncontiguous aortic aneurysms. There were 98 late aortic
and graft events in 89 patients (18.7%); 62 aortic-related events occurred in 56 patients (12%; elective repair, n ¼ 47;
emergent repair, n ¼ 14; type A dissection, n ¼ 1) at a mean of 4.4 6 4.2 years after repair. Variables independently pre-
dictive of an aortic event were aortic clamp time (hazard ratio [HR], 1.02/min; P ¼ .001), type III extent (HR, 2.5; P ¼ .008),
and expansion of retained aorta (HR, 10.4; P < .0005). There were 33 patients (7%) who experienced 36 graft-related events
(anastomotic aneurysm, n ¼ 14 [3% of cohort; aortic, n ¼ 7; visceral patch, n ¼ 6; side graft, n ¼ 1]; graft infection, n ¼ 12;
renovisceral occlusion/repair, n ¼ 9 [1.9%; side-arm graft, n ¼ 8; native, n ¼ 1]; and anastomotic stricture, n ¼ 1) occurring at
4.7 6 4.5 years. Variables predictive of graft-related complication were type II extent (HR, 3.4; P ¼ .002) and distal aortic
perfusion and motor evoked potential monitoring (HR, 3.6; P ¼ .02). Freedom from aortic- or graft-related event was 80%
at 5 years. Freedom from any aortic or graft reintervention was 84% at 5 years. Aortic-relatedmortality after discharge was
2.7% and estimated to be 3.1% at 5 years. Overall survival was 67% and 44% at 5 and 10 years, respectively.

Conclusions: After type I-III TAAA repair, late aortic and graft-related events occur in 19% of patients. Native aortic disease
sequelae are more common than graft complication. Aortic events are predicted by complex operation and degree of
remaining aorta. Extensive reconstruction drives graft-related events. Ultimately, reintervention is rare and aorta-related
mortality low. These findings verify durability of extensive TAAA repair, serving as benchmarks for endovascular repair. (J
Vasc Surg 2019;70:413-23.)

Keywords: Thoracoabdominal aneurysm; Open repair; Outcome study; Aortic graft complications

The impact of late graft- and aortic-related events after
type I-III thoracoabdominal aortic aneurysm (TAAA)
repair is unclear. After discharge, patients remain at risk
for native aortic disease processes such as further aneu-
rysmal degeneration and expansion, atheroembolism,
and dissection, as well as graft-related complications
such as infection, anastomotic aneurysm, and side-arm
thrombosis. Fifteen years ago, our group described aortic

and graft events occurring in 11% of patients undergoing
TAAA repair of all extents.1 Furthermore, up to half of pa-
tients undergoing TAAA repair may have other aneu-
rysmal segments of aorta distant from the segment
repaired.1 As endovascular experience matures, surgeons
are becoming more aggressive with total endovascular
repair of these complex lesions.2-6 It is important to thor-
oughly define the natural history and clinical course of
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Dr. Safi– 1896 patients
30 Day Mortality 16%
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A Quarter Century of Organ Protection in Open
Thoracoabdominal Repair

Anthony L. Estrera, MD, Harleen K. Sandhu, MD, MPH, Kristofer M. Charlton-Ouw, MD,
Rana O. Afifi, MD, Ali Azizzadeh, MD, Charles C. Miller III, PhD, and Hazim J. Safi, MD

Introduction: Thoracoabdominal aortic aneurysm (TAAA) remains a chal-

lenging problem. We sought to examine our experience with thoracic and

thoracoabdominal aortic repairs over a 24-year period.
Methods: Patient information was collected in a prospective database and

analyzed retrospectively. Univariate and multivariable analysis was performed.

Results: Between January 1991 and December 2014, we repaired 1896

descending thoracic (DTAA) or TAAA in 1795 patients. Mean age was
64.2! 13.8, and 702 (37%) were women. Of 1896 operations, 646

(34.1%) were DTAA, 316 (16.7%) TAAA extent I, 310 (16.4%) TAAA

extent II, 187 (9.9%) TAAA extent III, 348 (18.4%) TAAA extent IV, and 112

(5.9%) TAAA extent V. Adjunct [cerebrospinal fluid drainage (CSFD)þ dis-
distal aortic perfusion (DAP)] was used in 78.4%. Mean preoperative glo-

merular filtration rate (GFR) was 75.1! 14.9 mL/min/1.73 m2. Renal

dysfunction occurred in 461 (24.3%). Immediate neurodeficit (IND) occurred
in 79 (4.2%) and delayed in 104 (5.5%). Of these, 47/104 (45%) recovered by

discharge. Postoperative stroke was 95/1896 (5%). Early mortality was 302/

1896 (15.9%). Mortality with GFR >95.3 was 28/457 (6.1%), and 131/432

(30.3%) was with GFR< 48.3 (P< 0.0001). Predictors of early mortality
were age (P< 0.02), GFR (P< 0.0001), TAAA2 or 3 (P¼ 0.001), coronary

artery disease (P¼ 0.001), and emergency (P< 0.0001).

Conclusions: Open DTAA and TAAA repair can be performed with accept-

able early and late outcomes. This study provides important early- and long-
term data on open repair, allowing for better risk stratification of patients with

DTAA and TAAA. It is the high-risk subgroup that can now be targeted for

endovascular techniques.

Keywords: DAP, descending thoracic aortic aneurysm, distal aortic perfusion,
DTAA, TAAA, thoracoabdominal aortic aneurysm, thoracoabdominal repair

(Ann Surg 2015;262:660–668)

D espite advancements in the surgical care, thoracoabdominal
aortic aneurysm (TAAA) repair continues to be a formidable

challenge. Currently, early mortality from open repair remains
significant, ranging from 5% to 19%, with no dramatic improvement
in outcomes provided by endovascular or hybrid techniques.1–10

Since Crawford’s initial experience with open TAAA repair, the
primary focus has been on the prevention of paraplegia.11 Little has
changed today.

In 2003, we examined our experience with repairs of the
thoracic and thoracoabdominal aorta and reported the risk factors for
paraplegia and mortality.2 During the first decade of our experience,
we confirmed the benefit of the adjuncts of distal aortic perfusion
(DAP) and cerebrospinal fluid drainage (CSFD) on the prevention of
paraplegia and the positive impact of these adjuncts on early and late
mortality. In addition, we identified the importance of preoperative
renal function and extent of replacement, specifically for extent II, on
early and late outcomes.2

Since that report, we observed that the presenting disposition of
our patients has changed, which may have been the result of the shift from
open to endovascular treatments of the thoracic aorta.12–14 In addition,
our technique has evolved, incorporating changes in monitoring and
organ protection.15–17 Thus, the purpose of this report was to reexamine
our experience with open thoracic and TAAA repair to determine the
potential impact of the changes on mortality and morbidity.

METHODS
The Committee for Protection of Human Subjects, the local

institutional review board, approved this study. Requirement of informed
consent was waived. Between 1991 and 2014, open repairs of the
descending thoracic and thoracoabdominal aorta were retrospectively
identified from the departmental database. Descending thoracic aortic
repairs included ones that included the proximal descending aorta at the
left subclavian artery distally to the 12th intercostal space. Thoracoab-
dominal aortic aneurysm were classified according to Figure 1.18

Definitions
Operative mortality included in-hospital death and death occur-

ring within 30 days of surgery. Postoperative immediate neurologic
deficit (IND) was defined as paraplegia or paraparesis observed upon
the patient awakening from anesthesia, regardless of severity. Delayed
neurological deficit (DND) was defined as new paraplegia or para-
paresis occurring postoperatively in a previously neurologically intact
patient. The paraplegia was determined by the modified Tarlov score:
0, 1, 2 was deemed paraplegia, and 3, 4 was paraparesis.19 Patients with
stroke, identified by a thorough neurologic examination and compu-
terized tomography (CT) or magnetic resonance imaging (MRI) of the
head were excluded from the neurologic deficit group.

The glomerular filtration rate (GFR) was calculated by the
Cockcroft-Gault method, and definitions of other variables were
described in previous reports.20,21 ‘‘Redo’’ was defined before
aneurysm repair in the cavity of the index TAA repair. Prolonged
intubation ($72 hours), tracheostomy and reintubation defined
respiratory insufficiency.

Surgical Approach
Our approach to thoracoabdominal repair has been previously

reported and will be summarized here with an emphasis on changes that
have occurred since 2003. (Supplemental Fig. 1, http://links.lww.com/
SLA/A847)

From the Department of Cardiothoracic and Vascular Surgery, University of Texas
Medical School at Houston, Memorial Hermann Hospital, Houston, TX.

Supplemental digital content is available for this article. Direct URL citations appear in
the printed text and are provided in the HTML and PDF versions of this article on the
journal’s Web site (www.annalsofsurgery.com).

Disclosure: The authors report no conflicts of interest.
Presented at the 135th American Surgical Association Meeting, San Diego, CA.
Reprints: Anthony L. Estrera, MD, Department of Cardiothoracic and Vascular

Surgery, The University of Texas Houston Medical School, 6400 Fannin St.,
Suite 2850, Houston, TX 77030. E-mail: Anthony.L.Estrera@uth.tmc.edu.

Copyright ! 2015 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0003-4932/14/26105-0821
DOI: 10.1097/SLA.0000000000001432

660 | www.annalsofsurgery.com Annals of Surgery % Volume 262, Number 4, October 2015

ASA PAPER

Ann Surg. 2015.

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)

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%)
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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)
• Protection from rupture and from sac enlargement is excellent 
• “Open repair is the gold standard.” Really???  Enough is enough, 

it no longer is.
• Limitations of F/BEVAR are important to acknowledge: 

secondary intervention, limited access, regulatory hurdles, cost, 
and need for surveillance
• The US ARC has established a higher level of evidence supporting 

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

Thank You.


