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Abstract

Objective: Fenestrated endovascular aneurysm repair (FEVAR) is a well-established treatment 

approach for juxtarenal and short neck infrarenal aortic aneurysms. Recommendations and clinical 

outcomes are lacking for offering FEVAR in patients with chronic kidney disease (CKD). We 

aimed to compare short and long-term outcomes for patients with none-to-mild versus moderate-

to-severe CKD undergoing FEVAR.

Methods: We retrospectively reviewed consecutive patients undergoing standard FEVAR with 

Cook devices at a single institution. The cohort was stratified by preoperative CKD stage none-

to-mild or moderate-to-severe (CKD 1–2 and CKD 3–5, respectively). The primary outcome 

was postoperative acute kidney injury. Secondary outcomes included 30-day perioperative 

complications, 1- and 5-year rates of overall survival, dialysis, renal target artery patency, 

endoleak, and reintervention assessed by Kaplan-Meier method. Aneurysm sac regression, number 

of surveillance computed tomography scans, and CKD stage progression were assessed at latest 

follow up. Multivariate Cox proportional hazards modeling was used to evaluate the association 

of CKD stage 3 and stage 4–5 with all-cause mortality, controlling for differences in baseline 

characteristics.

Results: From 2012–2022, 184 patients (of which 82% were male) underwent FEVAR with the 

Cook ZFEN device (mean follow-up 34.3 months). Group CKD 3–5 comprised 77 patients (42%), 

was older (75.2 vs 73.0 years, P=.04), had increased preoperative creatinine (1.6 vs 0.9 mg/dL, 

P<.01) and demonstrated increased renal artery ostial calcification (37.7% vs 21.5%, P=.02) 

compared with Group CKD 1–2. Perioperatively, CKD 3–5 sustained higher estimated blood loss 

(342 vs 228 ml, P=.01), longer operative times (186 vs 162 min, P=.04), and longer length of 
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stay (3 vs 2 days, P<.01). Kaplan-Meier 1- and 5-year survival estimates were lower for CKD 

3–5 (82.3% vs 95.1%, P<.01 and 55.4% vs 70.8%, P=.02). Fewer CKD 3–5 patients remained 

free from chronic dialysis at 1 year (94.4% vs 100%, P=.015) and 5 years (84.7% vs 100%, 

P<.01). There were no significant differences in postoperative AKI rate (CKD 1–2 6.5% vs CKD 

3–5 14.3%, P=.13), long-term renal artery patency, reinterventions, type I or III endoleak, mean 

sac regression, or total follow-up CT scans between groups. CKD stage progression occurred in 

47 patients (31%) at latest follow-up but did not differ between stratified groups (P=.17). On 

multivariable modeling, age (HR 1.05, 95%CI 1.01–1.09, P=.02) and CKD stage 4–5 (HR 6.39, 

95%CI 2.26–18.05, P<.01) were independently associated with mortality.

Conclusions: Preoperative CKD status did not negatively impact the durability nor technical 

success related to aneurysm outcomes after FEVAR. Worsening CKD stage was associated with 

lower 1- and 5-year overall survival and freedom from dialysis after FEVAR with no statistically 

significant differences in 30-day or long-term technical aneurysm outcomes.

1. Introduction

Fenestrated endovascular aneurysm repair (FEVAR), first described in 1999,1 has 

revolutionized the treatment of complex aortic aneurysms using minimally invasive, custom-

made devices specific to patient anatomy.2–6 The Cook Zenith fenestrated endovascular 

graft (ZFEN; Cook Medical, Inc, Bloomington, IN) received FDA approval in 2012 and 

is the only commercially-available device to treat juxtarenal and short-neck infrarenal 

aneurysms.7,8 While endovascular repair is increasingly used to treat complex aneurysms in 

patients unfit to undergo open repair often with multiple medical comorbidities,9 guidelines 

are lacking for treating patients with chronic kidney disease (CKD), who often present with 

these complex aneurysms amenable to endovascular repair and are poor candidates for open 

repair.

CKD affects more than 15% of US population10 and is an established risk factor for poor 

outcomes after both open and endovascular abdominal aortic aneurysm repair.11 However, 

no specific Society for Vascular Surgery (SVS) guidelines exist for treating patients 

with moderate to severe CKD.11 Because FEVAR includes renal artery revascularization, 

improved understanding of renal-stratified outcomes is important for patient selection 

for this strategy. Therefore, this study aimed to compare short and long-term outcomes 

for patients with none-to-mild versus moderate-to-severe CKD and to determine the 

independent effect of moderate-to-severe CKD on long-term overall survival in patients 

undergoing FEVAR.

2. Methods

We performed a single-institution, retrospective review of a prospectively maintained 

database of all consecutive FEVAR performed from September 2012 to January 2022. 

Patients treated with an FDA-approved Cook ZFEN or clinical-trial Cook Zenith p-Branch 

device, which is a fenestrated endograft configured with three fenestrations and one scallop 

(Cook Medical, Inc) were included. Those with any adjunctive modifications (e.g., chimney, 

snorkel, periscope, or laser fenestration) were excluded from the analysis. This study was 
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approved by the Stanford University Institutional Review Board for retrospective review of 

deidentified patient data.

The cohort was stratified by severity of CKD stage as none-to-mild CKD (defined as no 

CKD or stage 1–2) and moderate-to-severe CKD (defined as stage 3–5). CKD stage was 

determined using preoperative serum creatinine (sCr) and estimated glomerular filtration 

race (eGFR) calculated using the 2021 CKD-EPI-Creatinine Equation recommended by 

the National Kidney Foundation.12,13 CKD stages were defined based on eGFR as shown 

below:

Stage 1: Normal or increased (>90 mL/min/1.73m2)

Stage 2: Mild (60–89 mL/min/1.73m2)

Stage 3a: Moderate (45–59 mL/min/1.73m2)

Stage 3b: Moderate (30–44 mL/min/1.73m2)

Stage 4: Severe (15–29 mL/min/1.73m2)

Stage 5: Kidney failure (<15 mL/min/1.73m2 or dialysis)

In this study, CKD staging was determined based on preoperative eGFR alone and did not 

include preoperative urinalysis, which could suggest evidence of proteinuria and distinguish 

patients with normal eGFR but mild CKD. For this study, patients without CKD and CKD 

stage 1 and 2 were analyzed together as a single none-to-mild CKD group.

Baseline demographics, anatomic and device features, operative characteristics, 30-day 

postoperative events, and 1-year technical outcomes and survival, and long-term outcomes, 

including rates of dialysis, endoleak, sac regression, reintervention, and overall survival at 

latest follow-up, were obtained from the database. Comorbidities were assessed using the 

previously validated Society for Vascular Surgery (SVS) Comorbidity Severity Score.14 

Operative technical success was defined as all target vessels patent without proximal 

endoleak on completion angiogram.

The primary outcome was rate of postoperative acute kidney injury (AKI), defined 

by RIFLE criteria as 1.5x increase in sCr from baseline to hospital discharge.15 

Secondary outcomes included 30-day perioperative complications (myocardial infarction, 

stroke, bleeding, access complications, bowel ischemia, limb ischemia, new-onset dialysis, 

reintervention, and mortality) and 1-and 5-year overall survival and rates of dialysis, renal 

target artery patency, type I or III endoleak, and reintervention. These five-year outcomes 

were considered “long-term” outcomes in this cohort and consistent with the existing 

literature on FEVAR.16 Additional secondary endpoints assessed at latest follow-up included 

aneurysm sac regression, total number of surveillance computed tomography (CT) scans, 

and CKD stage progression. Progression of CKD stage was defined as worsening in CKD 

stage from baseline to latest follow-up by ≥1 stage (i.e., CKD stage 2 at baseline to stage 3 

at latest follow-up). CKD stage at latest follow-up was determined using last available serum 

creatinine, from which eGFR was then calculated using age at latest follow up, as described 

above.
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2.1. Statistical analysis

Analyses were stratified by severity of CKD: none-to-mild (CKD 1–2) or moderate-to-

severe (CKD 3–5) groups. Univariate analysis (CKD 1–2 vs CKD 3–5) was performed 

with t-tests for normally distributed continuous variables, Wilcoxon rank sum test for 

non-normally distributed continuous variables, and chi-squared or Fisher’s exact test for 

categorical values. All 30-day outcomes were calculated as standard frequencies and 

proportions. One and 5-year outcomes, including overall survival, were estimated using 

the Kaplan-Meier time-to-event method with cumulative incidence reported and differences 

compared using the log-rank test. Multivariate Cox proportional hazards modeling was used 

to assess for independent effect of CKD stage ≥3 on all-cause mortality at latest follow 

up, controlling for a priori clinically relevant preoperative baseline characteristics and those 

associated with an increased risk of CKD and mortality on univariate testing (P< .1). 

Different from our univariate analyses, in the multivariate model as part of our secondary 

analysis, CKD stage 3 and CKD stages 4–5 were analyzed separately to determine the 

independent effect of each stage on mortality. A two-tailed p-value threshold of 0.05 was 

used to determine statistical significance. Analyses were performed using SAS Studio, 

version 3.81 (SAS Institute Inc., Cary, NC) and Stata SE, version 14.1 (StataCorp LLC, 

College Station, TX).

3. Results

3.1. Baseline characteristics

Of 244 consecutive FEVAR performed from September 2012 to January 2022, 184 were 

treated with FDA-approved Cook ZFEN or clinical-trial Cook Zenith p-Branch fenestrated 

devices without adjunctive modification and included in our analysis. Of these, 107 patients 

(58%) had none-to-mild CKD (CKD 1–2) at baseline, while 77 patients (42%) had 

moderate-to-severe CKD (CKD 3–5). Overall, the mean age was 73.9 ± 7.6 years and 

82% of patients were male (Table I). Patients with CKD 3–5 were significantly older (75.2 

± 7.1 vs 73.0 ± 7.9 years, P=.04), with higher preoperative serum creatinine (1.6 ± 0.5 vs 

0.9 ± 0.2 mg/dL, P<.01) and lower eGFR (44.0 ± 10.9 vs 81.0 ± 12.8 mL/min/1.73m2, 

P<.01) as expected, and with higher SVS Comorbidity Score (10.5 ± 4.6 vs 7.7 ± 4.5, 

P<.01). There were no statistically significant differences in any comorbidities other than 

CKD between groups. Preoperative medication use was similar, except for a higher rate of 

calcium channel blocker and diuretic prescriptions in the CKD3–5 group (40.3% vs 26.2%, 

P=.04 and 42.9% vs 21.5%, P<.01, respectively). There were no significant aneurysm or 

anatomic differences between groups except for a higher proportion of patients with renal 

artery ostial calcification on preoperative CT angiography in the CKD3–5 group (37.7% vs 

21.5%, P=.02).

3.2. Operative characteristics

Operative details are presented in Table II. Patients with CKD 3–5 had significantly fewer 

target arteries incorporated into their repair (2.8 ± 0.5 vs 2.9 ± 0.5, P=.03), smaller renal 

artery stent diameters (right 6.1 ± 0.6 vs 6.3 ± 0.5, P=.03; left 6.2 ± 0.6 vs 6.4 ± 0.6, P=.03), 

higher blood loss (342 ± 330 mL vs 228 ± 239 mL, P=.01), longer operating room time 

(186 ± 83 min vs 162 ± 71 min, P=.04), and longer median [IQR] hospital length of stay 
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(3 [2] days vs 2 [2] days, P<.01). Overall technical success was 97.3% and did not differ 

significantly between groups (CKD 1–2 99.1% vs CKD 3–5 94.8%, P=.16). There were no 

significant differences in device size, percutaneous or upper extremity access, fluoroscopy 

time, radiation dose, or contrast volume between CKD 1–2 and CKD 3–5 groups.

3.3. Primary outcome

The rate of postoperative AKI did not significantly differ between CKD 1–2 and CKD 3–5 

groups (6.5% vs 14.3%, P=.13), though AKI occurred at more than double the rate in CKD 

3–5 patients (Table III).

3.4. Secondary outcomes

Additional 30-day perioperative events were similar between groups (Table III). No 

significant differences were observed in rates of new onset dialysis, any major adverse event, 

reintervention, or mortality at 30 days. The overall 30-day mortality rate was 2.2% with 4 

deaths occurring in 1 patient with baseline CKD stage 2, 2 patients with CKD stage 3, and 1 

patient with CKD stage 4. On Kaplan-Meier analysis, overall survival at 1 and 5 years was 

significantly lower for the CKD 3–5 group compared to CKD 1–2 (82.3% vs 95.1%, P<.01; 

Fig 1A and 55.4% vs 70.8%, P=.02; Fig 1B). Freedom from new-onset chronic dialysis 

was also significantly lower for CKD 3–5 at 1 year (94.4% vs 100%, P=.02; Fig 2A) and 5 

years (84.7% vs 100%, P<.01; Fig 2B). There were no significant differences in long-term 

technical outcomes, including renal artery patency, reinterventions, or type I or III endoleak 

at 1 and 5 years (Fig 3A–C).

For patients with available postoperative surveillance imaging (N=167), mean aneurysm 

sac regression at latest follow-up was 10.8 ± 10.3 mm for the overall cohort and did not 

significantly differ between groups (CKD 1–2 10.5 ± 10.9 mm vs CKD 3–5 11.3 ± 9.2 

mm, P=.58). The mean number of CT scans during follow-up was not significantly different 

between CKD 1–2 vs CKD 3–5 groups (4 ± 2 scans vs 3 ± 2 scans, P=.11). For patients with 

at least one serum creatinine value available at ≥30 days (N=153), CKD stage progression 

occurred in 47 patients (30.7%) at latest follow-up but did not differ between stratified 

groups (CKD 1–2 36.0% vs CKD 3–5 23.4%; P=.17; Table IV). Of note, 24 patients 

(15.7%) were observed to have improved their CKD stage by ≥1 stage at latest follow-up. 

The mean follow-up time for the overall cohort was 34.3 ± 24.5 months (range 0 to 101 

months or 8.4 years).

3.5. Multivariate analysis of mortality

As part of our secondary outcome analysis, multivariable Cox proportional hazards 

modeling was used to determine the independent effect of CKD stage 3, CKD stage 4–5, 

and other baseline preoperative characteristics on all-cause mortality. Increased age (HR 

1.05, 95% CI 1.01–1.09, P=.02) and CKD stage 4–5 (HR 6.39, 95% CI 2.26–18.05, P<.01) 

were independently associated with mortality (Table V). Of note, CKD stage 3, female sex, 

and renal artery ostial calcification on preoperative imaging did not appear significantly 

predictive of mortality.
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3.6. Causes of mortality

There were 49 deaths during the follow-up period (26.6% of the total cohort) with 4 

of these deaths occurring within 30 days of the index FEVAR procedure (2.2% of total 

cohort). Of the 49 total deaths, 6 were aortic aneurysm related. These included aortic graft 

infection (n=1), bowel ischemia (n=2), hemorrhagic shock (n=1), cardiogenic shock after 

reintervention for endoleak (n=1), and renal stent occlusion with attempted embolectomy at 

outside hospital complicated by perforation leading to hemorrhagic shock and multisystem 

organ failure (n=1).

The other 43 causes of death included unknown (n=23), cancer (n=4), MI or heart failure 

(n=8), proximal acute aortic dissection (n=1), endocarditis with embolic stroke (n=1), 

stroke (n=1), pulmonary embolism (n=1), pneumonia (n=1), sepsis (n=1), acute on chronic 

mesenteric ischemia (n=1), and motor vehicle accident (n=1). While there were no deaths 

specifically attributed to chronic kidney disease or dialysis needs in this cohort, we can only 

postulate that chronic renal dysfunction may have contributed to some of the disease states 

and causes of mortality as listed above.

4. Discussion

FEVAR has emerged as a first-line treatment strategy for complex aortic aneurysm 

pathology across many centers in the United States and even more so in Europe with high 

technical success, low perioperative mortality, and promising mid and long-term technical 

outcomes and survival with ongoing surveillance.4,17,18 However, rates of AKI after FEVAR 

vary from 5% to 30% based on the extent of repair.19 Identifying rates of postoperative AKI 

stratified by preoperative CKD stage may be useful for risk-stratification of patients prior to 

undergoing FEVAR.

In our series of 184 consecutive patients undergoing commercially available FEVAR, 

the rate of postoperative AKI was 10% and did not differ significantly between none-to-

mild and moderate-to-severe CKD groups (6.5% vs 14.3%). Additional 30-day secondary 

outcomes and long-term technical outcomes were similar between CKD stage groups. 

However, as hypothesized, baseline CKD stage 3–5 was associated with lower overall 

survival and freedom-from dialysis across all time points out to 5 years. Moreover, on 

multivariate analysis, CKD stage 4–5 increased the hazard of death over six-fold, while 

CKD stage 3 was not independently associated with mortality after FEVAR.

The overall AKI rate of 10% after FEVAR in the present study is consistent with, if not 

slightly lower than, prior reports.20–24 Our group previously reported an AKI rate of 23% in 

110 patients treated with FEVAR for juxtarenal or paravisceral aneurysms from 2012–2015 

with mean follow up 11 months, in collaboration with a second institution.21 While rates 

of AKI were not reported based on baseline CKD stage, moderate CKD defined as stage 

≥3 was present in 51% of patients preoperatively with mean eGFR 60.0 mL/min/1.73 m2. 

It is interesting to put these earlier findings in the context of this present study for a few 

reasons. First, this seems to indicate that there may be a learning curve effect with respect 

to the rate of postoperative AKI as patients treated by us from 2012–2015 at the start of 

our experience performing FEVAR had two-times as a high a rate of developing AKI as 
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compared to all patients treated from 2012–2022 (23% vs 10%, respectively). However, in 

Tran et al.’s earlier study over 50% of patients had baseline CKD stage ≥3, while in our 

current study this rate was lower at 42% (77/184 patients) and our preoperative eGFR was 

correspondingly slightly higher at 66 mL/min/1.73 m2. As the present study has a lower 

overall rate of patients with moderate-to-severe CKD, together, this suggests a potential 

learning curve effect with respect to patient selection for FEVAR as well. While a specific 

learning curve analysis is out of the scope of this present study, this would be an interesting 

area of future work.

The association of baseline CKD stage with outcomes after FEVAR has been explored 

by only one prior European study to our knowledge, however with notable differences. 

D’Oria et al. reported their 8-year experience of fenestrated-branched endovascular aortic 

repair (F-BEVAR) for pararenal and thoraco-abdominal aortic aneurysms, including 202 

consecutive elective and non-elective patients.25 They found an overall postoperative AKI 

rate of 18%, which differed for moderate-to-severe CKD patients as compared to those 

without preoperative CKD (37% vs. 12%, P<.01). Importantly, while their rate of AKI 

was higher than that of our study (18% vs 10%), D’Oria et al. included more complex 

aneurysms (pararenal 37% and thoracoabdominal 63%) and included urgent/emergent cases, 

both of which may be associated with worse renal outcomes. In our current study, most 

aneurysms were juxtarenal (81%) with only 7% pararenal and 5% thoracoabdominal. We 

further included only elective repairs, and thus our lower rate of AKI may be explained 

by the potentially lower-risk cohort at baseline. The authors utilized similar definitions for 

AKI (i.e., RIFLE) and CKD staging as our present study, however, with a slightly larger 

patient cohort, they found a significantly higher rate of postoperative AKI for patients with 

CKD stage ≥3 (19/51 patients, 37%) as compared to those without baseline CKD (18/151 

patients, 12%) with over three-fold difference. We similarly found a two-fold higher rate 

of AKI in the CKD 3–5 group as comparted to CKD 1–2 group (11/77, 14% vs 7/107, 

6.5%). However, this finding did not reach statistical significance, and thus we may have 

been underpowered to detect a significant difference between groups.

D’Oria et al. also reported a lower overall 3-year survival for patients with moderate-to-serve 

CKD as compared to those without baseline CKD (57% vs. 82%, P= .010), which is 

comparable to our findings of significantly lower 1- and 5-year survival for CKD 3–5 

patients (82% vs 95% and 55% vs 71%, respectively). On multivariate analysis, CKD stage 

≥3 was independently associated with all-cause mortality (HR 3.2, 95% CI 1.2–8.6, P=.020), 

however their model did not distinguish CKD stage 3 from CKD stage 4–5 as we do in the 

present study. The findings of our secondary analysis demonstrate that CKD stage 4–5 was 

independently associated with over 6-fold higher hazard of all-cause mortality, and CKD 

stage 3 alone did not appear to be an independent predictor of mortality.

An unexpected finding of our study relates to CKD stage progression following FEVAR. 

We found that 31% of patients experienced CKD stage progression, by one or more stages, 

at latest follow-up (mean follow up 34 months), but the rate of progression was similar 

between none-to-mild and moderate-to-severe CKD stage groups (36% vs 23% respectively, 

P =.17). Of note, 16% of the cohort had an improvement in their CKD stage from baseline 

to latest follow-up after FEVAR, and 54% had no change in CKD stage. Improvement 
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in renal function may be secondary to the effects of the index revascularization and/or 

postoperative surveillance practices that can identify new lesions for early treatment. Tran et 

al. similarly found that during mean follow up of 11 months, 24% of patients had CKD stage 

progression by one stage, and 74% of patients had no change or improved renal function 

by CKD stage.21 D’Oria et al. did not report on rate of CKD stage progression specifically, 

however their study demonstrated that 3-year freedom from renal function decline, defined 

as eGFR decline >20% or progression in CKD stage, was significantly lower in patients 

with moderate-to-severe CKD as compared to no baseline CKD (43% vs 80%, P=.020).25 

While this study’s endpoint is different from ours, and a direct comparison cannot be made, 

understanding the rate of long-term renal function decline in our cohort is an ongoing area of 

future work.

Our study has important implications for the ongoing study of FEVAR for the treatment 

of complex aortic aneurysms. Preoperative risk assessment practices based in shared 

surgeon-patient decision making are critical but currently lacking for fenestrated and 

branched endovascular repair.26 Prior studies have demonstrated that baseline chronic renal 

insufficiency (defined as eGFR <60 or CKD stage ≥ 3) significantly predicted late all-cause 

mortality among octogenarians undergoing complex EVAR.27 This study further establishes 

that preoperative CKD stage 4 or 5, specifically, is an independent predictor of long-term 

mortality. Future work is needed to differentiate outcomes between CKD stage 3A and 3B 

patients and those with and without baseline proteinuria, as well as to better characterize 

predictors of patients with worsening vs improving CKD stage following FEVAR. These 

findings are relevant to health care policy given the high cost of complex endovascular 

repair28 and the need for further secondary interventions following the index procedure 

in approximately 25% of patients.29,30 Patients with CKD have an increased risk of 

cardiovascular and all-cause mortality in addition to progression to end-stage renal disease 

as compared to the general population.31 The significantly worse outcomes in patients with 

CKD stage 4 and 5 should caution against elective FEVAR, similar to SVS guidelines that 

advise against carotid revascularization for asymptomatic patients with less than three years 

life expectancy.32

4.1. Study limitations

This was a single-center, prospective dataset but some data had to be collected 

retrospectively, which may have led to an unequal comparison in some instances. Second, 

the CKD 1–2 group was determined by eGFR only and included patients with both no 

CKD and mild CKD at baseline. These patients were not separated out further as this would 

require inclusion of preoperative urinalysis for proteinuria, which was not available in this 

current dataset. The CKD 1–2 group is a heterogeneous group of patients that cannot be 

further accurately separated into true no CKD and true mild CKD. Third, our definition of 

AKI used the maximum serum creatinine from the index hospitalization and did not include 

AKI occurring after discharge but within 30 days. This allowed us to capture postoperative 

creatinine for the entire cohort, however, our finding may thus underestimate the rate of AKI 

within 30 days, which has been used by some prior studies.19 Finally, the low event rate for 

our primary outcome of AKI is clinically encouraging but may represent a potential type II 

error. We found no statistically significant difference in rate of AKI between groups, though 
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the CKD 3–5 group had more than twice the rate of AKI as compared to the CKD 1–2 

group.

5. Conclusion

Over 40% of patients undergoing FEVAR had baseline CKD stage ≥3 with associated 

worse 1 and 5-year survival but acceptable 30-day and long-term technical outcomes—

likely reflecting the underlying disease course of CKD. While no significant difference was 

observed in the primary outcome of postoperative AKI, patients with baseline CKD stage 

3–5 had more than twice the rate of AKI. Nevertheless, careful patient selection remains 

critical, and for patients with CKD stage 4–5 (i.e., eGFR <30 mL/min/1.73m2), a higher 

threshold for elective FEVAR should be considered. Future studies aimed at validating these 

findings in larger cohorts will be essential to create clinical practice guidelines for aneurysm 

repair in patients with moderate-to-severe CKD.
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Highlights:

• Postoperative acute kidney injury (AKI) occurred in 10% of patients 

undergoing fenestrated endovascular aneurysm repair (FEVAR) and did not 

differ significantly for those with moderate-to-severe stage chronic kidney 

disease (CKD 3–5) compared to those with none-to-mild stage CKD at 

baseline (CKD 1–2).

• CKD 3–5 patients had significantly lower 1 and 5-year survival but acceptable 

30-day and long-term technical outcomes—likely reflecting the underlying 

disease course of CKD.

• CKD stage 4–5 was independently associated with an over six-fold increased 

hazard of all-cause mortality; a higher threshold for elective FEVAR should 

be considered in these patients.
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Fig 1. 
Kaplan-Meier estimates of overall survival at (A) 1 year and (B) 5 years.
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Fig 2. 
Kaplan-Meier estimates of freedom-from new-onset chronic dialysis at (A) 1 year and (B) 5 

years.
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Fig 3. 
Kaplan-Meier estimates of (A) renal target artery patency, (B) freedom from type I or III 

endoleak, and (C) freedom from reintervention at 5 years.
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Table I.

Baseline demographics, comorbidities, medications, and anatomic characteristics stratified by none-to-mild vs 

moderate-to-severe CKD.

Total (N=184) CKD 1–2 (N=107) CKD 3–5 (N=77) P value

Age, years 73.9 ± 7.6 73.0 ± 7.9 75.2 ± 7.1 .04

Male sex 150 (81.5) 91 (85.1) 59 (76.6) .15

BMI, kg/m2 27.6 ± 5.1 27.3 ± 5.0 28.1 ± 5.3 .30

Preoperative serum creatinine, mg/dL 1.2 ± 0.5 0.9 ± 0.2 1.6 ± 0.5 <.01

Preoperative eGFR, mL/min/1.73m2 65.5 ± 21.9 81.0 ± 12.8 44.0 ± 10.9 <.01

Preoperative CKD stage ≥3 77 (41.8) 0 (0) 77 (100) N/A

 Stage 3a 41 (53.2)

 Stage 3b 28 (36.4)

 Stage 4 7 (9.1)

 Stage 5 1 (1.3)

SVS Comorbidity Severity Score, Total 8.9 ± 4.7 7.7 ± 4.5 10.5 ± 4.6 <.01

 Cardiac score 3.1 ± 3.2 3.1 ± 3.4 3.1 ± 3.0 .99

 Pulmonary score 1.0 ± 1.8 0.9 ± 1.8 1.2 ± 1.9 .33

 Renal score 1.0 ± 1.2 0.2 ± 0.6 2.2 ± 0.8 <.01

 Hypertension score 1.7 ± 1.1 1.6 ± 1.1 1.9 ± 1.0 .07

 Age score 2.0 ± 0.8 1.9 ± 0.8 2.2 ± 0.8 .02

Comorbidities

 Coronary artery disease 102 (55.4) 57 (53.3) 45 (58.4) .49

 Atrial Fibrillation 28 (15.2) 17 (15.9) 11 (14.3) .77

 Prior MI 50 (27.2) 30 (28.0) 20 (26.0) .76

 Congestive heart failure 37 (20.1) 22 (20.6) 15 (19.5) .86

 Hypertension 166 (90.2) 95 (88.8) 71 (92.2) .62

 Hyperlipidemia 148 (80.4) 84 (78.5) 64 (83.1) .44

 Current or prior smoking 130 (70.7) 77 (72.0) 53 (68.8) .65

 COPD 53 (28.8) 29 (27.1) 24 (31.2) .55

 Diabetes mellitus 30 (16.3) 14 (13.1) 16 (20.8) .16

 Prior stroke 25 (13.6) 14 (13.1) 11 (14.3) .81

 Peripheral arterial disease 46 (25.0) 25 (23.4) 21 (27.3) .55

Medications

 Aspirin 135 (73.4) 80 (74.8) 55 (71.4) .61

 Clopidogrel 32 (17.4) 17 (15.9) 15 (19.5) .53

 Anticoagulation 15 (8.2) 10 (9.4) 5 (6.5) .59

 Statin 141 (76.6) 83 (77.6) 58 (75.3) .72

 Nitrates 16 (8.7) 8 (7.5) 8 (10.4) .60

 Calcium channel blocker 59 (32.1) 28 (26.2) 31 (40.3) .04

 ACE inhibitor/ARB 95 (51.6) 61 (57.0) 34 (44.2) .09
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Total (N=184) CKD 1–2 (N=107) CKD 3–5 (N=77) P value

 Beta-blockers 106 (57.6) 59 (55.1) 47 (61.0) .42

 Diuretics 56 (30.4) 23 (21.5) 33 (42.9) .002

 Insulin 2 (4.2) 1 (3.3) 1 (5.6) 1.0

Prior AAA repair 25 (13.6) 14 (13.1) 11 (14.3) .81

Aneurysm size max diameter, mm 61.5 ± 12.2 61.4 ± 12.2 61.7 ± 12.2 .84

Aneurysm extent .87

 Infrarenal 9 (4.9) 6 (5.6) 3 (3.9)

 Juxtarenal 149 (81.0) 88 (82.2) 61 (79.2)

 Pararenal 13 (7.1) 6 (5.6) 7 (9.1)

 Paravisceral 2 (1.1) 1 (0.9) 1 (1.3)

 Thoracoabdominal 10 (5.4) 5 (4.7) 5 (6.5)

 Pseudoaneurysm 1 (0.5) 1 (0.9) 0 (0)

Renal artery ostial calcification 52 (28.3) 23 (21.5) 29 (37.7) .02

Native RRA diameter, mm 5.9 ± 0.8 6.0 ± 0.6 5.8 ± 1.0 .22

Native LRA diameter, mm 6.0 ± 0.8 6.0 ± 0.6 5.9 ± 1.0 .12

Infrarenal neck diameter, mm 25.9 ± 6.0 26.1 ± 6.1 25.8 ± 6.0 .85

Infrarenal neck length, mm 4.5 ± 3.8 4.9 ± 3.9 4.0 ± 3.5 .13

Infrarenal neck angle, degrees 26.7 ± 17.1 25.7 ± 16.5 27.9 ± 17.8 .39

Suprarenal neck angle, degrees 19.7 ± 16.5 18.9 ± 15.8 20.8 ± 17.4 .43

Proximal seal zone diameter,a mm 25.4 ± 3.0 25.3 ± 2.7 25.5 ± 3.2 .71

Proximal seal zone length, mm 33.2 ± 7.8 33.2 ± 6.8 33.2 ± 9.0 .97

Values reported as number (%) or mean ± standard deviation.

BMI, body mass index; eGFR, estimated glomerular function; CKD, chronic kidney disease; SVS, Society for Vascular Surgery; MI, myocardial 
infarction; COPD, chronic obstructive pulmonary disease; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers; AAA, 
abdominal aortic aneurysm; RRA, right renal artery; LRA, left renal artery.

a
Proximal seal zone diameter is defined as the native aortic diameter at the level of the superior mesenteric artery.
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Table II.

Operative details and device characteristics

Total (N=184) CKD 1–2 (N=107) CKD 3–5 (N=77) P value

Number of target vessels 2.8 ± 0.5 2.9 ± 0.5 2.8 ± 0.5 .03

Device type .04

 Cook ZFEN 177 (96.2) 100 (93.5) 77 (100)

 Cook P-Branch 7 (3.8) 7 (6.54) 0 (0)

Device diameter, mm 30.4 ± 3.4 30.2 ± 3.4 30.6 ± 3.4 .44

Percutaneous access only 86 (46.7) 56 (52.3) 30 (39.0) .07

Brachial or axillary access 8 (4.4) 7 (6.5) 1 (1.3) .14

Right renal artery stent diameter, mm 6.3 ± 0.5 6.3 ± 0.5 6.1 ± 0.6 .03

Left renal artery stent diameter, mm 6.4 ± 0.6 6.4 ± 0.6 6.2 ± 0.6 .03

Estimated blood loss, mL 275 ± 285 228 ± 239 342 ± 330 .01

Median fluoroscopy time (IQR), min 52.1 (34.0) 50.9 (33.1) 56.7 (32.9) .19

Median radiation dose (IQR), mGy 3558 (3396) 3312 (3318) 3742 (3616) .17

Contrast volume, mL 94 ± 40 95 ± 42 93 ± 38 .64

Operating room time, min 172 ± 77 162 ± 71 186 ± 83 .04

Technical successa 179 (97.3) 106 (99.1) 73 (94.8) .16

Median length of stay (IQR), days 2 (2) 2 (2) 3 (2) <.01

Values reported as number (%) or mean ± standard deviation, unless otherwise indicated.

CKD, chronic kidney disease; IQR, interquartile range.

a
Technical success defined as all target vessels patent without proximal endoleak on completion angiogram.
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Table III.

Early perioperative outcomes (in hospital or <30 days)

Total (N=184) CKD 1–2 (N=107) CKD 3–5 (N=77) P value

Acute kidney injury 18 (9.8) 7 (6.5) 11 (14.3) .13

New dialysis 2 (1.1) 0 (0) 2 (2.6) .17

Any major adverse event 11 (6.0) 6 (5.6) 5 (6.5) 1.0

 Myocardial infarction 4 (2.2) 3 (2.8) 1 (1.3)

 Stroke 0 (0)

 Bleeding 1 (0.5) 1 (0.9) 0 (0)

 Access complications 1 (0.5) 0 (0) 1 (1.3)

 Paralysis 0 (0)

 Bowel ischemia 3 (1.6) 0 (0) 3 (3.9)

 Limb ischemia 2 (1.1) 2 (1.9) 0 (0)

Reintervention 11 (6.0) 7 (6.5) 4 (5.1) .76

Death 4 (2.2) 1 (0.9) 3 (3.9) .31

Values reported as number (%).

CKD, chronic kidney disease.
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Table IV.

Change in CKD stage from baseline to latest follow up after FEVAR

Total (N=153) CKD 1–2 (N=89) CKD 3–5 (N=64) P value

.17

No change 82 (53.6) 46 (51.7) 36 (56.3)

Worsened stage 47 (30.7) 32 (36.0) 15 (23.4)

Improved stage 24 (15.7) 11 (12.4) 13 (20.3)

Values reported as number (%).

CKD, chronic kidney disease.
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Table V.

Multivariate Cox proportion hazards model to determine independent effect of CKD stage 3–5 and other 

baseline preoperative characteristics on all-cause mortality

Variable Hazard Ratio 95% Confidence Interval P value

Age, per year 1.05 1.01–1.09 .02

Female sex 0.99 0.46–2.10 .97

Renal artery ostial calcification on CTA 1.42 0.73–2.76 .31

CKD stage 3 1.46 0.79–2.68 .23

CKD stage 4–5 6.39 2.26–18.05 <.01

CTA, computed tomography angiography; CKD, chronic kidney disease.
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