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BACKGROUND: Endovascular aneurysm repair (EVAR) is often attempted in patients with 

marginal anatomy. These patients’ midterm outcomes are available in the Vascular Quality 

Initiative for analysis.

STUDY DESIGN: Retrospective analysis of prospectively collected data in the Vascular Quality 

Initiative from patients who underwent elective infrarenal EVAR between 2011 and 2018. Each 

EVAR was identified as either on- or off-instructions for use (IFU) based on aortic neck criteria. 

Multivariable logistic regression models were used to assess associations between aneurysm sac 

enlargement, reintervention, and type Ia endoleak with IFU status. Kaplan-Meier time-to-event 

models estimated reintervention, aneurysm sac enlargement, and overall survival.

RESULTS: We identified 5,488 patients with at least 1 follow-up recorded. Those treated off-IFU 

included 1,236 patients ([23%] mean follow-up 401 days) compared with 4,252 (77%) treated 

on-IFU (mean follow-up 406 days). There was no evidence of significant differences in crude 

30-day survival (96% vs 97%; p = 0.28) or estimated 2-year survival (97% vs 97%; log-rank p 

= 0.28). Crude type Ia endoleak frequency was greater in patients treated off IFU (2% vs 1%; p 

= 0.03). Off-IFU EVAR was associated with type Ia endoleak on multivariable regression model 

(odds ratio 1.84 [95% CI 1.23 to 2.76]; p = 0.003). Patients treated off IFU vs on IFU experienced 

had increased risk of reintervention within 2 years (7% vs 5%; log-rank p = 0.02), a finding 

consistent with results from the Cox modeling (hazard ratio 1.38 [95% CI 1.06 to 1.81]; p = 0.02).

CONCLUSIONS: Patients treated off IFU were at greater risk for type Ia endoleak and 

reintervention, although they had similar 2-year survival compared with those treated on 

IFU. Patients with anatomy outside IFU should be considered for open surgery or complex 

endovascular repair to reduce the probability for revision.

Endovascular aneurysm repair (EVAR) is the most frequent treatment for abdominal aortic 

aneurysms (AAA) in the US today.1 Decreased perioperative morbidity and improved short-

term overall survival with EVAR compared with open surgery are factors often cited for 

contributing to this shift.2 Level-I evidence established nearly 2 decades ago demonstrates 

survival between open and endovascular repair converging at 2 years, suggesting that patient 

factors or implantation technique may contribute to diminished benefit after EVAR beyond 

the 2-year follow-up.3

Anatomy often constrains the on-label application of EVAR detailed in the individual 

device manufacturer’s instructions for use (IFU). These criteria depend on infrarenal aortic 

neck length, neck diameter, infra- and suprarenal neck angle, and iliac artery diameter.4 

Technologic revision during the course of 25 years increased the proportion of patients 

with suitable anatomy, but anatomic contraindications to EVAR occur frequently in practice, 

particularly in women.5 Nonadherence to proximal IFU criteria approaches 50% in clinical 

practice because many physicians seek to avoid open surgery or complex endovascular 

repair despite lacking data on long-term outcomes after infrarenal EVAR performed off 

IFU.6–10

Several single-institution series found no difference in mortality or aneurysm-related 

interventions between off- and on-IFU infrarenal EVAR.7,10 Evidence from several 

multicenter series showed that nonadherence to IFU may increase the risk of long-term 

complications. A recent meta-analysis found no difference in reinterventions but did find 

Ramirez et al. Page 2

J Am Coll Surg. Author manuscript; available in PMC 2024 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



increased mortality in patients treated with off-IFU infrarenal EVAR.6,8,9 No clear guidance 

exists regarding the risk-benefit profile for off-IFU infrarenal EVAR in the elective setting. 

The aim of this study was to compare midterm (within 2 years) outcomes for patients 

treated with off-IFU infrarenal EVAR to outcomes for patients receiving on-IFU EVAR in 

the elective setting. We hypothesized that patients treated with EVAR off IFU had decreased 

midterm overall survival and lower risk of revision after EVAR compared to patients treated 

on IFU.

METHODS

Study design

This is a retrospective cohort study using data from the Society for Vascular Surgery 

Vascular Quality Initiative (VQI) database.11 The VQI database contains preoperative risk 

factors, intraprocedural variables and postoperative outcomes for several distinct vascular 

procedures, including EVAR. Data included in VQI datasets are from more than 780 

participating centers, including both community and academic practices. Information is 

available on patient aortic neck length, angle, and diameter, as well as graft characteristics. 

Each EVAR procedure recorded in VQI captures the graft length and diameter in addition 

to the patient’s proximal AAA neck characteristics, which can allow for the identification 

of grafts based on the companies’ different specifications. Graft diameters and lengths, as 

well as iliac limb characteristics, each patient’s graft manufacturer was determined. We 

then used anatomic measurements of the proximal AAA neck present in VQI compared 

to the manufacturer’s IFU criteria (see Table, Supplemental Digital Content 1, http://

links.lww.com/JACS/A282), to determine whether or not implantation adhered.

The study cohort was developed by identifying all patients who underwent endovascular 

infrarenal AAA repair during 2011 through 2018. Only patients with 1 or more follow-up 

visits were included. Patients in whom levels of urgency were designated as urgent or 

emergent were excluded. This resulted in 21,226 unique patients excluded from analyses. 

Proximal neck anatomy including diameter, length, and angulation, were compared with the 

IFU dimensions specific to the devices deployed in each case; a case was designated off 

IFU if any of the aneurysm neck dimensions differed from those prescribed by the device 

manufacturer’s IFU. Iliac anatomy was underreported in the database and was not included 

as part of the IFU determination. (For a summary of the IFU criteria associated with devices 

in this study, see Table, Supplemental Digital Content 1, http://links.lww.com/JACS/A282.)

The Institutional Review Board at the University of California San Francisco approved this 

study and waived informed consent requirements because this was a retrospective analysis of 

a de-identified data source.

Study outcomes

The primary outcomes of this study were midterm survival and freedom from reintervention. 

We define “midterm” as the period between 30 days postprocedure and 5 years follow-up, 

when long-term outcomes customarily begin in surgical literature. Secondary outcomes 

included AAA sac enlargement, intraoperative and type Ia endoleak, and 30-day survival. 
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For midterm follow-up, the index operation was time zero and the last follow-up was based 

on what was collected by the VQI at the time of data query.

Statistical analysis

Outcomes were compared between the on- vs off-IFU groups using univariable analysis 

including χ2 for categorical variables, Student’s t-test for continuous variables with 

approximately normal distributions as determined graphically, and Mann-Whitney test for 

continuous variables with other distributions. Variables with more than 5% of values missing 

were excluded from the analysis. Cox proportional hazards models were used for time-to-

event analyses. A multivariable logistic regression model was used to assess patient factors 

(anatomic, technical, and comorbidities) that may have ultimately resulted in a type Ia 

endoleak. Explanatory variables with p < 0.05 in the univariable comparison were included 

in multivariable Cox proportional hazards models aimed at modeling AAA sac enlargement 

and reintervention at 2 years postprocedure. Significant characteristics were also included 

in a multivariable logistic regression model to identify variables statistically associated with 

type Ia endoleak. Multivariable models were adjusted for log of the average yearly center 

volume, physician, sex, previous infrarenal aortic surgery, procedure time, fluoroscopy time, 

contrast volume, infrarenal neck length, diameter, and angle, as well as deidentified grafts. 

These variables were all included in the initial models and removed via backwards stepwise 

elimination if p > 0.1. Variables that changed measures of model discrimination, including 

area under the receiver operating curve, multivariable logistic regression, or Harrell’s c-

statistic (Cox), more than 0.1 on removal were returned to the model. Hosmer-Lemeshow 

goodness of fit assessed the ability of the equation generated from a multivariable model 

to fit the data range. Somers’ D reports the strength of association between the exposure 

and outcome variables incorporated into the Cox models. Kaplan-Meier time-to-event curves 

with log-rank tests were used to summarize and compare freedom from reintervention, AAA 

sac enlargement, and survival for on- vs off-IFU patient groups in unadjusted univariate 

analysis.

All statistical analyses were performed using Stata v.15.1 (StataCorp LP, College Station, 

TX). A 2-sided p < 0.05 was considered to be statistically significant for reporting analyses 

in this study. There was no adjustment for multiple testing.

RESULTS

Baseline demographics and preoperative characteristics

There were 26,714 unique patients collected in the VQI EVAR dataset between 2011 and 

2018, with 5,488 patient records having at least 1 follow-up visit recorded and containing 

anatomy and graft information allowing for classification of either on IFU or off IFU. 

Characteristics of patients treated on and off IFU are summarized in Table 1. The off-IFU 

group included 1,236 patients (23%) compared to 4,252 (77%) that were treated on IFU. 

Patients treated off IFU were more frequently operated on at facilities with lower average 

annual EVAR volume (median 18 vs 19 patients per year), older (74 vs 73 years), female 

(27% vs 15%), non-White (10% vs 7%), and diagnosed with COPD (33% vs 30%; all p < 
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0.05). Additionally, off-IFU patients were less likely to smoke and had slightly lower mean 

BMI.

Compared with patients treated on IFU, those treated off IFU were more likely to be deemed 

unfit for open repair (18% vs 14%) by the implanting surgeon and have a history of previous 

infrarenal aortic surgery (7% vs 4%; all p < 0.05). Maximum aneurysm diameter and 

preoperative anticoagulation were similar between both groups. Proximal neck anatomy in 

the off-IFU group included shorter (21 vs 28 mm; p < 0.001), more angulated necks (38% vs 

13% with more than 45 degrees; p < 0.001).

Intraoperative details

Intraoperative characteristics are presented in Table 1. The off-IFU EVAR group had a 

significantly longer median operative time (120 vs 108 minutes), median fluoroscopy time 

(20 vs 18 minutes), and a higher mean contrast volume (100 vs 89 mL) when compared 

with the on-IFU group (all p < 0.05). Bifurcated grafts were less common in the off-IFU 

group (93% vs 95%), while uni-iliac (6% vs 4%) and aorto-aortic (2% vs 1%) configurations 

were used more frequently in off-IFU patients (all p < 0.05). Additionally, the off-IFU group 

had significantly more oversizing (median 21% vs 17%) and required more proximal aortic 

extensions (22% vs 16%) than the on-IFU group (all p < 0.05). Graft 2 was more frequently 

used in off-IFU patients while graft 3 was more common for those receiving on-IFU EVAR. 

Off-IFU EVAR patients demonstrated twice the frequency of type Ia endoleaks at the end of 

the index case in comparison with the on-IFU group (6% vs 3%; p < 0.001). Conversion to 

an open procedure rarely occurred (n = 2) and was not statistically different between the 2 

groups.

In-hospital outcomes

Postoperative complications, including stroke, myocardial infarction, new dysrhythmia, re-

intubation, or intestinal ischemia were not different between patients who underwent off- 

vs on-IFU EVAR (Table, Supplemental Digital Content 2, http://links.lww.com/JACS/A282). 

Acute kidney injury was more common after off-IFU EVAR (4% vs 2%; p = 0.008) although 

there was no difference in new dialysis requirements. In-hospital reintervention, hospital 

length of stay, and discharge disposition were not different between the 2 groups. Survival at 

30 days was not different between patients who underwent off-IFU and on-IFU EVAR.

Midterm outcomes

Midterm outcomes after both off- and on-IFU EVAR are presented in Table 2. Average 

follow-up was 401 days in the off-IFU group and 406 days in the on-IFU group (p = 0.38). 

Estimated survival at 2 years was not different between the 2 groups (97% [95% CI 96 to 

98] vs 97% [95% CI 97 to 98]; log-rank p = 0.44; Fig. 1). The frequency of type Ia endoleak 

identified on midterm follow-up among patients who underwent off-IFU EVAR was twice 

that of those whose EVAR was performed on IFU (2% vs 1%; p = 0.03) and the frequency of 

any postoperative reintervention was also significantly higher among off-IFU patients (6% 

vs 4%; p = 0.002). Those patients treated off IFU were estimated to have decreased freedom 

from reintervention at 2 years (93% [95% CI 91 to 94] vs 95% [95% CI 94 to 96]; log-rank 

p = 0.02, Fig. 2). Other graft-related complications were similar between the 2 groups and 
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there was no difference in the freedom from AAA enlargement at 2 years (86% [95% CI 84 

to 88] vs 87% [95% CI 86 to 88]; log-rank p = 0.27; Figure, Supplemental Digital Content 3, 

http://links.lww.com/JACS/A282).

Modeling midterm outcomes

Independent predictors for type Ia endoleak based on multivariable logistic regression are 

presented in Table 3. A multivariable logistic regression model correlating IFU status 

and type Ia endoleak adjusted for statistically and clinically significant demographic and 

anatomic variables in Table 1 resulted in an area under the receiver operating curve of 0.74 

with a Hosmer-Lemeshow goodness of fit test of 9 (p = 0.37). Patients treated with off-IFU 

EVAR exhibited double the risk for developing a type Ia endoleak on follow-up (OR 1.84 

[95% CI 1.23 to 2.76]; p = 0.003). Additional independent risk factors for type-1a endoleak 

included a longer procedure time, an infrarenal neck length of 10 to 15 mm vs more than 15 

mm, an infrarenal neck angle of 45 to 60 degrees or 76 to 90 degrees compared with less 

than 45 degrees, and stent-graft from Graft 4 (all p < 0.05). Factors associated with lower 

risk of type-1a endoleak included female sex and an infrarenal neck diameter less than IFU 

(all p < 0.05).

Risk factors associated with AAA sac enlargement and reintervention within 2 years based 

on multivariable Cox modeling (Harrell’s c = 0.61; Somers’ D = 0.23) are presented in 

Tables 4 and 5. A single proximal aortic extension during index operation correlated with 

increased AAA sac enlargement within 2 years (hazard ratio [HR] 1.45 [95% CI 1.13 to 

1.86]; p = 0.003) as did a longer procedure time (HR 1.12 [95% CI 1.04 to 1.20]; p=0.002). 

An infrarenal neck diameter smaller than IFU was associated with a lower risk for AAA sac 

enlargement (HR 0.67 [95% CI 0.47 to 0.97]; p = 0.03) as well as the use of a stent graft 

from Graft 2 (HR 0.58 [95% CI 0.45 to 0.76]; p < 0.001).

Cox modeling identifying factors associated with re-intervention (Harrel’s c = 0.62, Somers’ 

D = 0.25) within 2 years included off-IFU EVAR (HR 1.38 [95% CI 1.06 to 1.81]; p = 0.02), 

a history of infrarenal aortic surgery (HR 1.73 [95% CI 1.12 to 2.68]; p = 0.01), a longer 

procedure time (HR 1.22 [95% CI 1.12 to 1.33]; p < 0.001), and stent-graft from graft 3 (HR 

1.81 [95% CI 1.38 to 2.38]; p < 0.001).

DISCUSSION

The current analysis provides several important observations in a large, national dataset. 

First, approximately one-quarter of elective infrarenal EVAR operations are performed 

with proximal neck IFU violations. Second, patients treated with off-IFU EVAR are at a 

significantly increased risk for type Ia endoleak and reintervention on midterm follow-up. 

Finally, there is no statistically significant difference in survival at 30 days or 2 years 

between off- and on-IFU infrarenal EVAR in the elective setting. These findings suggest 

that AAA patients with infrarenal necks not falling within the device’s IFU have inferior 

outcomes compared with patients receiving on-IFU treatment; alternative procedures should 

be considered.
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As vascular specialists continue to embrace minimally invasive therapies for aortic disease, 

shared decision-making with patients becomes ever more important, particularly on the topic 

of device failure. Our study demonstrates that roughly 25% of the elective EVAR procedures 

performed in the US violated the device manufacturer’s proximal IFU and that these patients 

experienced an absolute 1% per year increase in device failure compared with similar 

patients treated on IFU. Amortized over a median life expectancy of 10 years in a patient 

treated for AAA in the US today,12 this translates into a meaningful future workload and 

systemic cost. The differential durability and surveillance needs associated with successful 

open AAA surgery should also be presented before undertaking off-IFU EVAR, particularly 

for younger patients with low perioperative risk.13,14 Numerous treatment options with 

different risks and benefits exist for infrarenal AAA and all should be shared with patients 

before performing EVAR in violation of IFU.

Instructions for use were developed by device manufacturers on the basis of preclinical 

engineering assessments and early-phase trials in order to maximize device performance 

and long-term durability as patients frequently have anatomy that may compromise graft 

apposition to the aortic wall, creating an inadequate seal.9 The landmark trials demonstrating 

the efficacy of EVAR required adherence to IFU guidelines, hence outcomes following 

endovascular repair performed off IFU were not assessed.15–18 Supposition as to the drivers 

behind broadening device application beyond IFU criteria runs the gamut, but our study 

echoes previous work showing a striking proportion of IFU nonadherence, ranging from 

38% to 69% in previous literature.7,9,19,20

Hostile aortic neck and iliac anatomy have been implicated in negative clinical outcomes 

after EVAR.21–26 While several studies did not identify a heightened risk of aneurysm-

specific complications or mortality associated with off-IFU EVAR, there is evidence that 

IFU nonadherence increases the risk of aneurysm-related complications.8,9 Our study 

found that proximal off-IFU EVAR was associated with a significant increased risk 

of type Ia endoleak by 84% and the risk for reintervention within 2 years by 38% 

compared with EVAR performed within IFU. A meta-analysis of 17 observational studies

—predominantly single institution—that were published before 2017 found no difference 

in perioperative mortality, aneurysm rupture, technical failure, type I endoleak, or aneurysm-

related reintervention, but did identify a signal for increased all-cause mortality associated 

with the use of off-IFU EVAR when compared with on-IFU EVAR.6 A recent multicenter 

study revealed that any IFU violation with elective EVAR increased the risk for graft-

related adverse events (ie a composite of reintervention, migration, endoleak, rupture, 

limb occlusion, sac enlargement, and aneurysm-related mortality).9 Our study confirms 

these findings in a national dataset and further emphasizes that proximal neck violations, 

postulated to have a smaller impact on poor outcomes compared with iliac anatomic 

constraints,27 nearly double the risk for a type Ia endoleak in a relatively short duration 

of follow-up compared with the timeframe the majority of off-IFU failures are expected to 

occur.

Vascular specialists have developed a broad array of techniques to treat complex abdominal 

aortic aneurysms with minimally invasive approaches.28–30 Aneurysms involving the reno-

visceral segment are frequently managed by fenestrated, branched, or physician-modified 
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endografts, which may be off-the-shelf or customized to a patient’s specific anatomy.31 

A recent analysis using VQI data demonstrated acceptable perioperative and long-term 

mortality as well as a low frequency of reinterventions associated with fenestrated EVAR or 

physician-modified endografts.32 Although the use of these techniques is typically limited to 

high-volume centers, patients lacking the anatomy for standard EVAR due to IFU violations, 

particularly those who are unfit for open repair, may benefit from a complex endovascular 

repair. For younger patients with low perioperative risk and long life expectancy, the 

durability of an open repair should also be considered, especially in the setting of hostile 

neck anatomy.

Anecdotally, surgeons choose to perform an EVAR off IFU in order to avoid an 

invasive open repair with the attendant physiologic challenge to the patient. However, a 

study comparing endovascular and open repair in patients with anatomy outside of IFU 

demonstrated increased long-term survival and decreased aneurysm-related mortality in 

patients who underwent open repair compared with off-IFU EVAR.8 Although EVAR 

confers an early survival advantage over open repair, this benefit is lost through time 

and a meta-analysis of the pivotal endovascular trials demonstrated that aneurysm-related 

mortality was higher among EVAR patients beyond 3 years.33–35 These results call into 

question employing EVAR in patients with unsuitable anatomy given the superior durability 

of the open approach. Younger patients with low perioperative risk and a long life 

expectancy may particularly benefit from an open repair, especially in the setting of hostile 

neck anatomy.

Limitations of this study include the retrospective nature of this analysis in a self-reported 

database, which may lead to selection bias. Certain variables are underreported in VQI, 

resulting in missing data and limiting the scope of our analyses. Particularly, information 

on iliac artery anatomy was underreported and therefore not used to determine IFU status, 

limiting the analyses to proximal neck violations and likely explaining the low frequency of 

IFU violations compared to historic reports. Furthermore, a portion of the on-IFU group may 

have been misclassified given the potential for iliac IFU violations among these patients. 

Finally, patients without at least 1 follow-up visit were excluded from the present analysis, 

which may explain the higher-than-expected long-term survival experienced by patients in 

both groups.

CONCLUSIONS

A significant proportion of infrarenal elective EVAR patients are treated outside of proximal 

device IFU on a national level. While these patients did not have a statistically significant 

survival difference at 2 years, IFU violations were associated with an increased risk of type 

Ia endoleak and reintervention. Patients with infrarenal AAA with proximal anatomy outside 

of device IFU should be offered complex endovascular repair or open surgery rather than 

standard EVAR, particularly for younger patients with a longer life expectancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

AAA abdominal aortic aneurysm

EVAR endovascular aneurysm repair

IFU instructions for use

VQI Vascular Quality Initiative
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Figure 1. 
Kaplan-Meier curve for overall survival for patients treated on- vs off-IFU endovascular 

aortic repair.
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Figure 2. 
Kaplan-Meier curve for reintervention for patients treated with on- vs off-IFU endovascular 

aortic repair.
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Table 3.

Multivariable Logistic Regression Model Assessing Factors Associated with Type Ia Endoleak for Patients 

with Infrarenal Abdominal Aortic Aneurysm Treated with On- vs Off-IFU Endovascular Aneurysm Repair (n 

= 5,424)

Variable Odds ratio 95% CI p Value

Off IFU 1.84 1.23–2.76 0.003

Graft 4 2.18 1.37–3.46 0.001

Contrast, mL 1.01 1.00–1.01 <0.001

Procedure time, h 1.20 1.08–1.33 0.001

Infrarenal neck length

 >15 mm 1 (Ref) — —

 10–15 mm 1.55 1.08–2.22 0.02

 <10 mm 1.13 0.62–2.07 0.68

Neck diameter

 IFU 1 (Ref) — —

 Smaller than IFU 0.44 0.23–0.84 0.01

Neck angle

 <45 degrees 1 (Ref) — —

 45–60 degrees 1.91 1.33–2.75 <0.001

 61–75 degrees 0.85 0.40–1.81 0.68

 76–90 degrees 2.05 1.08–3.92 0.03

 >90 degrees 1.49 0.62–3.56 0.37

Female sex 0.42 0.31–0.56 <0.001

Adjusted for log of the average yearly center volume, physician, sex, previous infrarenal aortic surgery, procedure time, fluoroscopy time, 
contrast volume, infrarenal neck length category, infrarenal neck diameter category, infrarenal neck angle and company. AUROC = 0.74, Hosmer-
Lemeshow goodness of fit = 9; p = 0.37.

IFU, instructions for use.
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Table 4.

Cox Proportional Hazards Model Assessing Factors Associated with Abdominal Aortic Aneurysm Sac 

Enlargement for Patients with Infrarenal Abdominal Aortic Aneurysm Treated with On- vs Off-IFU 

Endovascular Aneurysm Repair

Abdominal aortic aneurysm sac enlargement* Hazard ratio 95% CI p Value

Off IFU 1.19 0.96–1.47 0.11

Proximal cuff x1 1.45 1.13–1.86 0.003

Physician 1.00 1.00–1.00 0.001

Procedure time, h 1.12 1.04–1.20 0.002

Neck diameter

 IFU 1 (Ref) — —

 Smaller than IFU 0.67 0.47–0.97 0.03

Graft 2 0.58 0.45–0.76 <0.001

Harrell’s C = 0.61; Somers’ D = 0.23. Adjusted for log of the average yearly center volume, physician, sex, tobacco abuse, COPD, previous 
infrarenal aortic surgery, procedure time, fluoroscopy time, contrast volume, infrarenal neck length category, infrarenal neck diameter category, 
infrarenal neck angle, company, endoleak type 1a, 1b, or 3 on completion, and proximal aortic cuffs.

*
n = 5,471.

IFU, instructions for use.
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Table 5.

Cox Proportional Hazards Model Assessing Factors Associated with Reintervention for Patients with 

Infrarenal Abdominal Aortic Aneurysm Treated with On- vs Off-IFU Endovascular Aneurysm Repair

Reintervention* Hazard ratio 95% CI p Value

Off IFU 1.38 1.06–1.81 0.02

Graft 6 2.23 0.91–5.48 0.08

Graft 3 1.81 1.38–2.38 <0.001

Previous infrarenal aortic surgery 1.73 1.12–2.68 0.01

Physician 1.00 1.00–1.00 0.004

Procedure time, h 1.22 1.12–1.33 <0.001

Harrell’s C = 0.62; Somers’ D = 0.25. Adjusted for log of the average yearly center volume, physician, sex, previous infrarenal aortic surgery, 
procedure time, fluoroscopy time, contrast volume, infrarenal neck length category, infrarenal neck diameter category, infrarenal neck angle, and 
company.

*
n = 5,477.

IFU, instructions for use.
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