
Introduction

Endovascular aortic repair (EVAR) has become the first-line 
treatment for aortic aneurysmal pathology in most patients 
with suitable anatomy and reasonable life expectancy.1 

Long-term durability of EVAR remains a concern, as the 
potential for adverse events over time mandates lifelong 
follow-up and reinterventions when needed.2,3 Although 
considered more durable, secondary interventions may also 
be required after open aortic repair (OAR).4 Open surgical 
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conversion for failure after prior infrarenal procedures 
(either EVAR and/or OAR) is associated with significant 
technical challenges, as well as often prohibitive periopera-
tive morbidity and mortality.5 This is especially true among 
patients with previous EVAR, who may have been deemed 
at high risk for open surgery at the time of their original 
treatment. Meanwhile, complex EVAR techniques have 
emerged to address aneurysms that involve the renal-mes-
enteric vessels, including pararenal (PRAA) and thoracoab-
dominal (TAAA) aortic aneurysms. Fenestrated-branched 
EVAR (F-BEVAR) can be used in a secondary procedure 
for rescue of failing EVAR/OAR by raising the proximal 
sealing zone to the visceral or thoracic aorta.6–9 However, 
the presence of an infrarenal surgical graft or endograft can 
increase the complexity of the F-BEVAR procedure which, 
in turn, may lead to lower technical success rates and wors-
ened durability as compared with F-BEVAR for native 
aneurysms.

Our aim was to evaluate the early and mid-term out-
comes of F-BEVAR in patients with prior infrarenal repair 
and compare these results against those that were obtained 
in patients who underwent treatment for native PRAA and 
TAAA.

Methods

Study Design

The study was performed with approval from the regional 
ethical review board. The main exposure variable was the 
presence of any prior infrarenal repair, either OAR or 
EVAR, which was noted, as was the indication for subse-
quent F-BEVAR. Therefore, the study cohort was divided 
into two groups for all subsequent analyses based on the 
presence or absence of prior infrarenal repair. Data of all 
consecutive F-BEVAR interventions performed after prior 
infrarenal repair at two tertiary academic institutions 
from Sweden (Uppsala University Hospital; Karolinska 
University Hospital) with high volume for complex endo-
vascular aortic operations (>30 cases/year) from January 
1, 2010, to July 1, 2019, were retrospectively reviewed 
and compared against primary F-BEVAR operations done 
at one of the two participating institutions (Uppsala 
University Hospital). Both centers shared similar patterns 

for referral, timing, and intervention in patients deemed 
suitable F-BEVAR candidates. Patients’ demographics and 
comorbidities were recorded, in addition to the size and 
type of aneurysm repaired according to the Crawford-Safi 
classification.10,11

Surgical Practice

Details on surgical technique have been previously pub-
lished; distal landing in the native or prosthetic infrarenal 
aorta was always selected when feasible to avoid standard 
iliac landing.12 All F-BEVAR procedures were per-
formed using Cook Medical endografts (Cook Medical 
Inc, Brisbane, Australia), including custom-made and off-
the-shelf endografts, as well as those which were physi-
cian-modified. The status of the procedure, that is, acute or 
elective, was noted, in addition to operative and radiologi-
cal data. Postoperative data, including hospital length-
of-stay (LoS) and complications, were also noted. All 
preoperative imaging consisted of high-resolution com-
puted tomography angiography (CTA), while the follow-
up protocol consisted of CTA at 1 month and then annually, 
unless altered by indications for reintervention.

Definitions and Endpoints

The primary endpoints were technical success, 30-day 
mortality, and overall survival. The secondary endpoints 
included major adverse events (MAE) and access-site com-
plications at 30 days, hospital LoS, freedom from type I/III 
endoleaks, freedom from reinterventions, and target vessel 
(TV) primary patency. Technical success was defined as 
successful deployment of the stent-graft by endovascular 
means only, the absence of type I/III endoleaks on comple-
tion angiography and patent TV. MAE were defined as per 
Society for Vascular Surgery reporting standards: cumula-
tive endpoint of any-cause mortality, myocardial infarc-
tion, new-onset congestive heart failure, blood loss >1L, 
acute kidney injury, stroke, spinal cord ischemia, or bowel 
ischemia.13 Loss of TV patency was diagnosed when 
thrombosis of the TV and/or bridging stent-graft was noted, 
or there was radiologic evidence of significant TV stenosis 
requiring reintervention.
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Statistical Analysis

All data were evaluated for normality with quantile-quan-
tile plots. Continuous variables are expressed with either 
mean or median values, with corresponding standard devia-
tion (SD) or interquartile range (IQR). Categorical variables 
are presented as number with percentage. Univariable anal-
yses were carried out with either Student’s t test or Mann–
Whitney U test for continuous variables, and chi-square test 
or Fisher’s exact test for categorical variables. Time-
dependent outcomes were reported using life tables and 
presented as Kaplan-Meier curves; differences were deter-
mined by the log-rank test. Binary outcomes were evaluated 
first by univariable methods, with results reported as odds 
ratio (OR) with 95% confidence intervals (CI). Sensitivity 
analysis was carried out repeating all univariate analyses of 
interest in the restricted subgroup of patients who had been 
treated at one institution (Uppsala University Hospital), and 
for whom data on F-BEVAR procedures both with and 
without prior infrarenal repair were retrieved.

A multiple logistic regression model was built including 
significant covariates and confounders based on univariate 
screen or clinical significance (including aneurysm mor-
phology). Stepwise backward selection was then performed 
with a removal criteria of .05 and the resulting parsimoni-
ous model was not statistically significantly different from 
the full model (likelihood ratio test, p=.91). The model dis-
crimination was measured by the area under the operating 
curve, and the Hosmer-Lemeshow goodness-of-fit was not 
significant. Multivariable Cox proportional hazards was 
used to assess independent predictors for any-cause mortal-
ity, reinterventions, and endoleaks, with results reported as 
hazard ratio (HR) with 95% CI. Covariates for these models 
were selected based on previously described risk factors 
and univariate screen of all available potential confounders, 
using backward selection with a criterium of 0.25 to stay in 
the final models. The final models were tested for violation 
of proportional hazards assumptions using Schoenfeld 
residuals. By convention, statistical significance was set at 
p value of <0.05. Statistical analysis and graphing were 
performed with Stata/SE 16 software (StataCorp. 2019. 
Stata Statistical Software: Release 16. College Station, TX, 
USA: StataCorp LLC).

Results

Study Population

A total of 222 consecutive patients were included for analy-
sis; of these 58 (26.1%) had prior infrarenal repair 
(EVAR=33, OAR=25) and 164 (73.9%) had native PRAA/
TAAA. Reasons for F-BEVAR after prior infrarenal repair 
included 27 cases of type IA endoleak (1 rupture), 2 cases of 
endograft migration, and 29 cases of proximal degenera-
tion/pseudoaneurysm (2 ruptures).

At baseline, patients with prior infrarenal repair were 
older (mean age=75.1 vs 71.6 years, p=.005) and the pro-
portion of females was lower (8.6% vs 29.3%, p=.002). 
Chronic obstructive pulmonary disease was less frequent in 
patient who had prior infrarenal repair (19% vs 32%, p=.04) 
and the largest aneurysm diameter before treatment was 
higher in those with prior OAR/EVAR (67.5 vs 60.0 mm, 
p<.001), but no other significant differences were found 
between study groups (Table 1).

A high proportion (about 40%) of patients undergoing 
F-BEVAR after prior infrarenal repairwere referred from 
other centers. For those patients with available data on their 
initial EVAR/OAR (N=54), the median time from primary 
repair was 5.0 (IQR=6) years, with 9 years (IQR=6.5) fol-
lowing OAR and 5 years (IQR=4) following EVAR.

Procedural Details

No significant differences were found in operative time 
(313 vs 372.5 minutes, p=.27) or fluoroscopy time (114.5 vs 
95 minutes, p=.14), while contrast volume was significantly 
lower for F-BEVAR operations performed after prior infra-
renal repair (133.5 vs 195 mL, p<0.001; Table 2). Also, no 
significant differences were found in the distribution of 
number of TV incorporated, but F-BEVAR procedures 
following prior infrarenal repair were done more often 
with a single straight tube (29% vs 9%, p=.001). No other 
major procedural differences were noted between study 
groups.

Technical success was 97.8% (n=217) in the entire 
cohort, without any significant differences between study 
groups (94.8% vs 98.8%, p=.08). There were two failures of 
left renal artery cannulation (both occurring in patients 
undergoing F-BEVAR for native aneurysms, one of which 
was performed using a physician-modified endograft in 
acute setting), one failure to cannulate the celiac trunk (in a 
patient undergoing elective F-BEVAR after prior endovaas-
cular infrarenal repair), and two failures to cannulate the 
superior mesenteric artery (both occurring in patients 
undergoing F-BEVAR after prior infrarenal repair, one 
OAR and one EVAR, the former performed in acute setting 
using a physician-modified endograft). The two renal arter-
ies that were not stented required an iliorenal bypass that 
was successful in restoring blood flow to the kidney. In the 
case where a branch to the celiac trunk could not be bridged, 
the branch was plugged using an Amplatzer Plug (Medtronic 
Inc, Santa Rosa, CA); the patient was readmitted one month 
later with acute mesenteric ischemia (owing to occlusion of 
the superior mesenteric artery bridging stent that had been 
compressed by the above plug), which resulted in death of 
the patient. The superior mesenteric artery was rescued in 
one case with bailout chimney stenting, while in the other 
case backflow filling from collaterals originating from the 
celiac trunk was evident on completion angiography, both 
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patients were discharged alive and did not develop any late 
abdominal complications.

Morbidity and Mortality

At 30 days, there were no significant differences between 
patients with prior infrarenal repair as compared to those 
without in the rates of overall mortality (3.5% vs 1.8%, 
p=.48), MAE (44.8% vs 54.9%, p=.59), or access-site com-
plications (8.6% vs 13.4%, p=.16). In-depth analysis of all 
MAE revealed no significant differences between patients 
with prior infrarenal repair as compared to subjects without, 
except for blood loss >1L which represents 78% of all 
MAE (Table 3). Total hospital LoS was shorter in patients 
with previous infrarenal procedures (5 vs 6 days, p=.01). In 
multivariate analysis (Supplementary Table 1), significant 
predictors for MAE included aortic diameter (OR for each 

additional 5mm increase=1.18, 95% CI: 1.02–1.37, p=.03) 
and TAAA (OR=2.61, 95% CI: 1.24–5.49, p=.01). Prior 
infrarenal repair was not an independent predictor for in-
hospital major morbidity.

The 5-year estimate of survival for the entire cohort was 
61.3% (95% CI: 51.1–70.1). For those who underwent 
treatment of native PRAA-TAAA, the estimate was 61.6% 
(95% CI: 50.0–71.4), while for those who had a previous 
infrarenal repair, the estimate was 61.3% (95% CI: 39.4–
77.4). There was no statistical significance in survival prob-
ability between the two groups (p=.67; Figure 1). After 
multivariate adjustments detailed in Supplementary Table 
2, presence of larger aneurysm diameter remained as a sig-
nificant predictor of any-cause mortality (HR for each addi-
tional 5mm increase=1.23, 95% CI: 1.10–1.36, p<001; 
respectively). Presence of previous infrarenal repair was not 
associated with increased hazards of mortality.

Table 1.  Baseline Characteristics and Comorbidities for the 222 Patients, 2010–2019, Who Underwent Complex Endovascular 
Aortic Repair, Either as a Primary Repair or Following a Failed Previous Open or Endovascular Repair.

Variable
All patients 

(n=222)

Any previous 
infrarenal repair 

(n=58)

No previous 
infrarenal repair 

(n=164) p value

Demographics
  Age, years (mean ± SD) 72.5 ± 8.2 75.1 ± 6.2 71.6 ± 8.7 0.005
  Octogenarians (%) 40 (18.0) 14 (24.1) 26 (15.9) 0.16
  Female sex (%) 53 (26.2) 5 (8.6) 48 (29.3) 0.002
  BMI, kg/m2 (median, IQR) 25.8 (5.9) 24.8 (5.4) 25.9 (5.9) 0.35
  Obese (BMI>30) (%) 46 (20.8) 10 (21.7) 36 (22.0) 0.48
Comorbidities
  IHD (%) 74 (33.3) 23 (39.7) 51 (31.1) 0.24
  Atrial fibrillation (%) 47 (21.2) 16 (27.6) 31 (18.9) 0.16
  CHF (%) 30 (13.5) 7 (12.1) 23 (14.0) 0.71
  Hypertension (%) 197 (88.7) 51 (87.9) 146 (89.0) 0.82
  COPD (%) 64 (28.8) 11 (19.0) 53 (32.3) 0.04
  DM (%) 22 (9.9) 5 (8.6) 17 (10.4) 0.70
  Previous stroke/TIA (%) 21 (9.5) 6 (10.3) 15 (9.2) 0.79
  Smoking (%)
    Never 39 (17.9) 9 (16.7) 30 (18.3) 1.00
    Previous 110 (50.5) 29 (53.7) 81 (49.4) 1.00
    Current 67 (30.7) 16 (29.6) 51 (31.1) 1.00
  Baseline eGFR, mL/min/1.73m2 (median, IQR) 73.3 (30.7) 74.9 (23.8) 73.6 (31.9) 0.65
  CKD stage III–V (eGFR<60) (%) 51 (25.2) 8 (21.1) 43 (26.2) 0.51
Anatomy
  Largest AAA diameter, mm (median, IQR) 61.0 (12.0) 67.5 (19.0) 60.0 (8.5) <0.001
  Extent of disease
    Para/suprarenal AAA (%) 140 (63.1) 36 (62.1) 104 (63.4) 1.00
    Extent 1-3 TAAA (%) 68 (30.6) 16 (31.0) 50 (30.5) 1.00
    Extent 4 TAAA (%) 14 (6.3) 4 (6.9) 10 (6.1) 1.00

Continuous data are provided as mean values ± standard deviation or median values (interquartile range), while categorical values are given as 
absolute counts (percentages).
Abbreviations: AAA, abdominal aortic aneurysm; BMI, body mass index; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; IHD, ischemic heart disease; IQR, interquartile range; 
TAAA, thoracoabdominal aortic aneurysm; TIA, transient ischemic attack.
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Type I-III Endoleaks, Reinterventions, Target 
Vessels Patency, and Aneurysm Sac Changes

As shown in Figure 2, the 5-year freedom from endoleaks I/
III estimates were significantly lower in patients undergoing 
F-BEVAR after prior infrarenal repair as compared with 
patients undergoing treatment of native aneurysms (57.1% vs 
66.1%, p=.03). On aggregate analysis of the specific types of 
type I/III endoleaks observed, 64.7% (n=22) were type IC 
(n=9) or type IIIC (n=13) that resulted from inadequate seal 
at the junction of a bridging stent-graft with a TV or from 
inadequate seal of a fenestration/branch with a bridging stent-
graft, respectively. There was a significant difference (p=.03) 
between patients with previous infrarenal repair (n= 10; 
17.2%) or without (n=12;7.3%). Proximal (type IA) or distal 
(type IB) seal failure occurred in only 5.0% (n=11) of all 
patients studied, without any difference between patients 
with or without prior infrarenal repair (p=.93). After 

multivariate adjustments detailed in Supplementary Table 3, 
presence of prior infrarenal repair was not found as indepen-
dent predictor for the occurrence of type I/III endoleaks.

No significant differences were found between study 
groups in rates of reinterventions and TV primary patency 
(Figures 3 and 4), and prior EVAR/OAR was not confirmed 
as independent predictor for the occurrence of either event 
(Supplementary Tables 4 and 5). However, aneurysm size 
was associated with higher hazards of reinterventions after 
multivariate adjustment (HR for each additional 5 mm 
increase=1.16, 95% CI: 1.05–1.30, p=.006).

The 5-year estimates of freedom from sac increase 
>5mm were significantly lower in patients who received 
F-BEVAR after previous infrarenal repair as compared 
with those who underwent treatment of native aneurysms 
(48.6% vs 77.5%, p=.002; Figure 5). After multivariate 
adjustments detailed in Supplementary Table 6, prior infra-
renal repair was independently associated with higher risk 

Table 2.  Procedural Details for All Complex Endovascular Aortic Repairs.

Variable
All patients 

(n=222)

Any previous 
infrarenal 

repair (n=58)

No previous 
infrarenal 

repair (n=164) p value

Status (%)
  Elective 193 (86.9) 49 (84.5) 161 (98.8) 1.00
  Subacute 17 (7.7) 6 (10.3) 11 (6.7) 1.00
  Acute 12 (5.4) 3 (5.2) 9 (5.5) 1.00
Total operation time, minutes (Median, IQR) 354 (224) 313 (171) 372.5 (234) 0.27
Total fluoroscopy time, minutes (Median, IQR) 101.5 (61) 114.5 (77) 95 (57.5) 0.14
Contrast volume, mL (Median, IQR) 180 (118) 133.5 (117.5) 195 (108) <0.001
Proximal Landing Zone (%)
  Proximal Thoracic 58 (26.1) 12 (20.7) 46 (28.1) 0.82
  Mid Thoracic 32 (14.4) 11 (19.0) 21 (12.8) 0.75
  Distal Thoracic 132 (59.5) 35 (60.3) 97 (59.2) 1.0
Type of device (%)
  Custom-made 179 (80.6) 45 (77.6) 134 (81.7) 1.0
  Off-the-shelf 36 (16.2) 11 (19.0) 25 (15.2) 1.0
  Physician-modified 7 (3.2) 2 (3.5) 5 (3.1) 1.0
Design of device (%)
  Fenestrations Only 154 (69.4) 39 (67.2) 115 (70.1) 1.0
  Branches Only 52 (23.4) 16 (27.6) 36 (22.0) 1.0
  Combined 16 (7.2) 3 (5.2) 13 (7.9) 1.0
Number of target vessels (%)
  2 37 (16.7) 5 (8.6) 32 (19.5) 0.17
  3 89 (40.1) 24 (41.4) 65 (39.6) 1.0
  4 or more 96 (43.2) 29 (50.0) 67 (40.9) 1.0
Infrarenal distal landing zone (%) 26 (12.9) 11 (29.0) 15 (9.2) 0.001
Percutaneous groin access (%)
  Unilateral 95 (47.0) 12 (31.6) 83 (50.6) 0.10
  Bilateral 68 (33.7) 17 (44.7) 51 (31.1) 0.68
Brachial Access (%) 71 (32.0) 20 (34.5) 51 (31.1) 0.64
Prophylactic spinal drain (%) 87 (39.2) 25 (43.1) 62 (37.8) 0.48

Continuous data are provided as mean values ± standard deviation or median values (interquartile range), while categorical values are given as 
absolute counts (percentages).
Abbreviation: IQR, interquartile range.
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for late sac expansion (HR=3.28, 95% CI: 1.35–7.97, 
p=.009).

Sensitivity analysis as previously specified in the restricted 
subgroup of patients from one institution confirmed the 
original findings (data not shown).

Discussion

It is well documented that both EVAR and OAR, albeit 
with differing incidence and etiology, are associated with 

Table 3.  Thirty-Day Outcomes.

Variable
All patients 

(n=222)

Any previous 
infrarenal repair 

(n=58)

No infrarenal 
repair 

(n=164) p value

Technical Success (%) 217 (97.8) 55 (94.8) 162 (98.8) 0.08
Any MAE (%) 116 (52.3) 26 (44.8) 90 (54.9) 0.19
Mortality (%) 5 (2.3) 2 (3.5) 3 (1.8) 0.48
EBL>1000 mL (%) 90 (40.7) 17 (29.3) 73 (44.8) 0.04
MI (%) 5 (2.3) 2 (3.5) 3 (1.8) 0.48
New CHF (%) 2 (0.9) 0 2 (1.2) 0.40
Respiratory failure (%) 22 (9.9) 2 (3.5) 20 (12.2) 0.06
Stroke (%) 8 (3.6) 3 (5.2) 5 (3.1) 0.46
SCI (%)
  Transient 10 (4.5) 1 (1.7) 9 (5.5) 0.71
  Permanent 7 (3.2) 2 (3.5) 5 (3.1) 1.0
  Any SCI 17 (7.7) 3 (5.2) 14 (8.5) 0.41
AKI (%)
  Without dialysis 23 (10.4) 4 (6.9) 19 (11.6) 1.0
  New-onset dialysis 14 (6.3) 2 (3.4) 12 (7.3) 1.0
  Any AKI 37 (16.7) 6 (10.3) 31 (18.9) 0.13
Bowel Ischemia (%)
  No resection 5 (2.3) 1 (1.7) 4 (2.4) 1.0
  With resection 5 (2.3) 1 (1.7) 4 (2.4) 1.0
  Any bowel ischemia 8 (4.5) 2 (3.5) 8 (4.9) 0.65
Access-site major complications (%) 27 (12.2) 5 (8.6) 22 (13.4) 0.56
Total LoS, days (Median, IQR) 6.0 (5.0) 5.0 (5.0) 6.0 (6.0) 0.01

Continuous data are provided as mean values ± standard deviation or median values (interquartile range), while categorical values are given as 
absolute counts (percentages).
Abbreviation: MAE, major adverse events; EBL, estimated blood loss; CHF, congestive heart failure; SCI, spinal cord ischemia; AKI, acute kidney injury; 
LoS, length of stay; IQR, interquartile range.

Figure 1.  Kaplan-Meier estimates of overall survival. Figure 2.  Kaplan-Meier estimates of freedom from type I/III 
endoleaks.
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secondary complications and indications for secondary 
interventions.14 These secondary interventions are not with-
out operative risks, and they are often technically demand-
ing due to the presence of prior grafts and endografts. These 
patients are typically older and less fit than they were at the 
time of their initial repair, partially explaining the high mor-
bidity of open surgical conversion, particularly under urgent 
circumstances.15–20 Meanwhile, F-BEVAR has progres-
sively become the first-line option for management of 
PRAA-TAAA over the last decade, mainly owing to its 
reduced invasiveness, thereby extending potential treatment 
to patients who would have been deemed unfit for open sur-
gical repair.21–23 With increasing experience, as well as per-
sistent technological refinements, F-BEVAR indications 
have expanded to include secondary rescue of failures after 

prior infrarenal procedures, but relevant outcomes in this 
clinical scenario have only recently emerged.24,25

The main findings of this study, obtained at two high-
volume aortic centers over 10 years, were that the use of 
F-BEVAR in patients with prior EVAR/OAR did not differ 
significantly regarding early and mid-term outcomes as 
compared with those undergoing treatment for native aortic 
aneurysms. Indeed, F-BEVAR in patients with prior infrare-
nal procedures (either open or endovascular) was equally 
safe and feasible, and its effectiveness remained satisfac-
tory over a median follow-up of 3 years, with no differences 
noted in the rates of TV patency loss and need for reinter-
ventions. Although type I/III endoleaks occurred more fre-
quently after failure of previous infrarenal procedures, the 
analysis of specific types of I/III endoleaks revealed that 
only a minority resulted from inadequate proximal seal 
while a higher proportion of endoleaks from TV-endograft 
junctions were noted in the group of subjects receiving 
F-BEVAR following prior infrarenal repair. When evalu-
ated in the clinical context, this is highly relevant, as the 
main indication for F-BEVAR after prior infrarenal repair in 
the study cohort was loss of, or inadequate, proximal seal 
from the prior infrarenal procedure; therefore, it is reason-
able to conclude that F-BEVAR procedures were successful 
for the specific indications for which they were applied and 
the higher incidence of TV-related endoleaks could be 
related to the expected increased level of technical com-
plexity. Owing to the overall low number of adverse events 
that were reported, no other specific explanations could be 
reasonably hypothesized to explain the increased number 
of TV-related endoleaks among F-BEVAR procedures per-
formed in patients who had prior infrarenal repair. Further 
research could shed further light on the specific risk factors 
for such endoleaks and how to possibly prevent their 

Figure 3.  Kaplan-Meier estimates of freedom from 
reinterventions.

Figure 4.  Kaplan-Meier estimates of target vessels primary 
patency.

Figure 5.  Kaplan-Meier estimates of freedom from sac 
expansion>5mm.
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occurrence. Until then, this potential safety signal could 
alert physicians to the potential need for stricter follow-up 
in patients undergoing F-BEVAR after prior infrarenal 
repair. Nevertheless, since all these endoleaks could be suc-
cessfully managed with new endovascular interventions, 
they would not detract from the minimal invasiveness and 
overall effectiveness of treatment, provided they are readily 
detected and adequately managed.

These results are in line with previously published series 
evaluating the role of F-BEVAR after failed infrarenal 
repair,26–29 supporting the notion of F-BEVAR as the first-
line option for rescue of infrarenal failure in anatomically 
suitable patients. There are, however, scenarios where open 
surgical treatment will remain the preferred treatment. For 
instance, in the presence of graft/endograft infections, clas-
sical surgical treatment can provide definitive control and 
eradication of the infective focus.30,31 Although complex 
endovascular techniques have recently been reported as a 
feasible alternative solution in selected cases, more experi-
ence and longer follow-up are warranted before any defini-
tive conclusion can be reached.32 Another limitation to the 
use of custom-made devices might be the presence of symp-
toms or frank rupture, given the time delay required for 
manufacturing and delivery. In this setting, other endovas-
cular techniques (including chimneys-snorkels,33,34 off-the-
shelf multibranched stent-grafts,35 and physician-modified 
endografts) may all play a role as bridging measures to 
stabilize the patient, but these should be employed by ade-
quately trained physicians in patients without other reason-
able options.

This study also highlights that, at highly specialized 
endovascular aortic centers, a significant proportion of 
patients undergoing F-BEVAR receive this treatment after 
failed EVAR or OAR (almost one fourth of all F-BEVAR 
treated patients in this series), and the proportion seems to 
be increasing over time (Supplementary Figure 1). Several 
factors may contribute to this phenomenon, including 
increasing expertise with complex endovascular tech-
niques as well as more liberal use of stent-grafts outside 
their instructions-for-use or the intrinsically progressive 
nature of aneurysmal disease, although caution should be 
exercised when drawing conclusions.36 Thereby, it is 
likely that a learning curve effect for these secondary pro-
cedures had already been achieved by performing physi-
cians given the high volume of aortic cases at participating 
institutions. As many patients were referred from other 
centers with details of the primary procedures lacking, it is 
not possible to delineate factors predicting the need for 
F-BEVAR after prior infrarenal repair. More secondary 
F-BEVAR procedures were performed after prior EVAR 
(n=33) than OAR (n=25), but a detailed analysis of differ-
ences is not possible given the limited number of cases. 
Although OAR does not completely protect against the 
need for future F-BEVAR, our data would suggest that 

time to proximal regrafting might be longer as compared 
with standard EVAR.

Whereas F-BEVAR after prior infrarenal repair is safe, 
feasible, and effective with encouraging short-term and 
mid-term outcomes which are largely comparable with 
those obtained in native PRAA/TAAA, caution is needed 
not to interpret these findings as justification to push the 
boundaries of conventional infrarenal repair; especially 
with EVAR devices placed in cases with hostile or dubious 
aortic anatomy or outside their instructions-for-use. In fact, 
in patients with a reasonably long life expectancy, more 
complex repairs in the first place might offer potential sav-
ings in terms of clinical efficacy and cost-effectiveness.37 In 
that sense, the goal of treatment must always be for the first 
operation to be the right operation.38 With no strict “instruc-
tions for use” among fenestrated and branched devices, 
adequate proximal sealing is typically equated with a goal 
of achieving two sealing stents, regardless of whether it is a 
primary or secondary procedure. When a prior infrarenal 
repair is already present, the proximal sealing might some-
times be (at least partly) achieved in the previously placed 
graft/endograft. Regarding the distal sealing, we always 
aim to achieve a >20mm-zone to ensure durability of 
repair. Although this can at times be achieved within the 
infrarenal aorta, it is more commonly seen when a prior 
graft-endograft is already present and could explain why a 
significantly higher proportion of F-BEVAR devices could 
be planned as straight tube (without need for a distal bifur-
cated body) in the group of patients with prior infrarenal 
repair. This technique could contribute to reduce technical 
complexity and costs, and should be carefully considered 
when morphologically suitable.

When performing F-BEVAR procedures in the presence 
of prior infrarenal grafts/endografts, higher technical com-
plexity should be anticipated, and several anatomical chal-
lenges can be expected. Presence of suprarenal bare stent 
from prior EVAR can make TV cannulation more difficult 
because of suprarenal stent struts encroaching on the TV 
origins (Supplementary Figure 2). However, whether rates 
of technical failure of TV-related endoleaks might be higher 
in patients who had prior EVAR with suprarenal fixation 
(versus those that were originally treated using EVAR 
devices with infrarenal fixation) could not be ascertained in 
the current study owing to the overall low number of cases 
and would require further research endeavors.

Another difficulty in the setting of F-BEVAR after prior 
infrarenal repair might be related to the short distance 
between the proximal anastomosis or edge of endograft and 
the graft/endograft bifurcation. The incessant improve-
ments of endovascular technology along with increased 
skills and confidence from operators have improved the 
capabilities of overcoming most issues that can be encoun-
tered. In our practice, we usually implement dual diameter-
reducing ties when planning F-BEVAR devices for patients 
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with prior infrarenal repair, to better accommodate the need 
for rotational adjustments in the already placed graft-endo-
graft. Furthermore, in the last years we have introduced rou-
tine application of steerable sheaths for cannulation of 
target vessels and intraoperative navigation with fusion 
imaging technology for all f-BEVAR interventions. Other 
advanced techniques, such as the use of preloaded and 
indwelling wires and catheters or low-profile devices, are 
also made available on a case-by-case basis when needed to 
accommodate specific anatomic challenges. As ever the 
case in endovascular procedures, and even more so with 
complex ones, meticulous preoperative planning, careful 
intraoperative manipulation, and strict postoperative sur-
veillance are all key to achieving technical success and sus-
tained durability.

Designing initial OAR/EVAR ahead of potential second-
ary endovascular interventions might offer some advan-
tages. In that sense, avoiding placement of short main body 
during infrarenal reconstructions might allow easier 
F-BEVAR if required later during follow-up, although use 
of F-BEVAR devices with inverted limbs can often be help-
ful in this setting (Supplementary Figure 3). Also, manipu-
lation of the F-BEVAR device while working through a 
relatively stiff graft/endograft can hinder the ability to rotate 
the device freely. Despite these considerations, no obvious 
differences were found in this study in regard to main pro-
cedural metrics and technical success rates, thereby high-
lighting that with accurate preoperative planning and careful 
intraoperative manipulation satisfactory and durable results 
can still be expected by experienced operators. Nevertheless, 
the observed higher incidence of TV-related endoleaks in 
patients receiving F-BEVAR after prior infrarenal repair 
would suggest a more cautious approach be endorsed dur-
ing follow-up of these subjects, as these endoleaks might 
lead to sac size increase in the long-run.

Maximal aortic diameter was found to be an independent 
predictor for perioperative adverse events as well as mortal-
ity during follow-up. Although these findings have been 
reported by previous studies of infrarenal EVAR,39–41 others 
have not confirmed such association,42 and caution should 
be exercised before drawing conclusions. Whether aneu-
rysm size has a causal relationship with worse outcomes or 
is a marker of something else is still a matter of debate: 
patients with larger aneurysms are usually older, have more 
comorbidities, and are at higher surgical risk; all these fac-
tors could explain why these patients experience increased 
morbidity and mortality. In that sense, it is meaningful to 
notice that the baseline aneurysm diameter was larger in 
patients undergoing F-BEVAR interventions after prior 
infrarenal repair, and several explanations might be offered 
to analyze this finding. On one side, patients experiencing 
EVAR/OAR failure might have been those with lower com-
pliance to follow-up protocols which could explain in itself 
the larger sac size as compared with screening-detected 

native aneurysms. However, this might also be related to 
the older age and perceived higher complexity of subjects 
considered for F-BEVAR regrafting, which could lead phy-
sicians to consider a higher size threshold for treatment 
referral. Nevertheless, larger aneurysm size could be 
regarded as a negative prognostic marker both in the periop-
erative phase as well as during follow-up in order to imple-
ment proper pathways of care.

Study Limitations

Findings from this study must be interpreted in the context 
of its limitations. The study was retrospective, with a rela-
tively small sample size and limited follow-up owing to the 
increase of F-BEVAR cases performed in patients who had 
prior infrarenal repair in the later years of experience. 
Nevertheless, we report on >200 consecutive patients 
treated over a 10-year period with a median follow-up of 3 
years and virtually complete survival assessment due to 
cross-linkage with national death registry data, rendering 
the conclusions clinically accurate and meaningful. All 
patients included in this series were treated at two highly 
specialized endovascular aortic centers, which may limit 
the generalizability of study findings to less experienced 
operators. Although statistical significance was not reached 
likely reflecting type II error owing to the small sample 
size, more technical failures were noted in the group of 
patients undergoing F-BEVAR after prior infrarenal repair; 
for the same reasons, regression analysis for this outcome 
could not be performed. The low number of patients with 
prior EVAR or OAR did not allow any specific subanalysis 
for these subgroups, and detailed information on prior pro-
cedures was not available for this study thereby making it 
impossible to analyze the risk factors that led to failure of 
prior infrarenal repairs. Although we attempted to correct 
for known confounders using multivariate analysis, it is 
possible that unmeasured confounders still remained.

Conclusions

F-BEVAR is equally safe and feasible for treatment of 
patients with prior infrarenal repair as compared with those 
undergoing treatment for native aneurysms. A higher level 
of technical complexity can be expected, and increased 
rates of TV-related endoleaks were observed which could 
lead to lower freedom from aneurysm sac shrinkage during 
follow-up. Nevertheless, the 5-year rates of reinterventions 
and TV patency were similar, thereby indicating that overall 
effectiveness of treatment remained satisfactory at mid-
term. These results could support extended use of F-BEVAR 
as first-line option for treatment of OAR/EVAR failures in 
well-selected patients with suitable anatomy. The increas-
ing proportion of F-BEVAR interventions performed in 
patients with prior infrarenal repair over time highlights the 
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need for larger multicentric studies with extended follow-
up to allow sufficient power for further analyses.
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