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Abstract

Objective—Isolated renal artery aneurysms are rare and controversy remains about indications 

for surgical repair. Little is known about the impact of endovascular therapy on patient selection 

and outcomes of renal artery aneurysms.

Methods—We identified all patients undergoing open or endovascular repair of isolated renal 

artery aneurysms in the Nationwide Inpatient Sample (NIS) from 1988 to 2011 for epidemiologic 

analysis. Elective cases were selected from the period of 2000 to 2011, to create comparable 

cohorts for outcome comparison. We identified all patients with a primary diagnosis of renal 

artery aneurysms undergoing open surgery (reconstruction or nephrectomy) or endovascular repair 

(coil or stent). Patients with a concomitant aortic aneurysms or dissections were excluded. We 

evaluated patient characteristics, management, and in-hospital outcomes for open and 

endovascular repair, and we examined changes in management and outcomes over time.

Results—We identified 6,234 renal artery aneurysm repairs between 1988 and 2011. Total 

repairs increased after the introduction of endovascular repair (8.4 in 1988 to 13.8 in 2011 per 

10million(M) US population, P=0.03). Endovascular repair increased from 0 in 1988 to 6.4 in 

2011 per 10M US population (P<.0001). However, there was no concomitant decrease in open 

surgery (5.5 in 1988 to 7.4 in 2011 per 10M US population, P=0.28). From 2000–2011 there were 

1,627 open and 1,082 endovascular elective repairs. Patients undergoing endovascular repair were 

more likely to have a history of coronary artery disease (18% vs. 11%, P<0.001), prior myocardial 

infarction (5.2% vs. 1.8%, P<0.001) and renal failure (7.7% vs. 3.3%, P<0.001). In-hospital 

mortality was 1.8% for endovascular and 0.9% for open reconstruction (P=0.037), and 5.4% for 

nephrectomy (P<.001 compared to all revascularization). Complication rates were 12.4% for open 
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repair vs 10.5% for endovascular repair (P=0.134), including more cardiac (2.2% vs. 0.6%, 

P=0.001) and peripheral vascular complications (0.6% vs. 0.0%, P=0.014) with open repair. Open 

repair had a longer length of stay (6.0 vs. 4.6 days, P<0.001). After adjustment for other predictors 

of mortality, age (OR 1.05 per decade, 95% CI 1.0–1.1, P=0.001), heart failure (OR 7.0, 95% CI 

3.1–16.0, P<.001) and dysrhythmia (OR 5.9, 95% CI 2.0–16.8, P=0.005), Endovascular repair was 

still not protective (OR 1.6, 95% CI 0.8–3.2, P=0.145).

Conclusion—More renal artery aneurysms are being treated with the advent of endovascular 

techniques, without a reduction in operative mortality or a reduction in open surgery. Indications 

for repair of renal artery aneurysms should be re-evaluated.

INTRODUCTION

Isolated renal artery aneurysms are rare, with an estimated incidence cited between 0.1 and 

1.3% in the general population.1–4 The natural history of these aneurysms is uncertain, and 

therefore the indications for surgical intervention remain controversial.5, 6 The majority of 

patients are asymptomatic at time of discovery of a renal artery aneurysms.4, 7 The increased 

rate of incidental discovery is largely attributable to the use of non-invasive imaging for 

evaluation of other conditions.6 Potential complications of renal artery aneurysms include 

rupture, distal embolization, infarction, hypertension, dissection, renal failure, and 

arteriovenous fistula.8, 9 The mortality rate of rupture is reported to be as high as 80%.10

Generally, intervention is undertaken for aneurysm diameter > 2.0 cm, ruptured aneurysm, 

dissection, localized symptoms, female gender within childbearing years, and renovascular 

hypertension.6, 11–15 Before the advent of endovascular techniques, open repair was the 

conventional method of treatment, with techniques including excision with primary repair or 

patch angioplasty, excision with reconstruction using bypass, extracorporeal reconstruction 

with autotransplantation, and nephrectomy.13, 16 The less invasive alternative, endovascular 

repair, includes coil embolization or the use of a stent graft. The technical success and safety 

of the endovascular treatment for renal artery aneurysms in experiences hands have been 

demonstrated, with a low morbidity and mortality.17–21

The purpose of this population based retrospective study is to evaluate the impact of the 

introduction of endovascular treatment on total repair rates in the United States, and 

compare mortality and morbidity outcomes between endovascular and open surgical repair.

METHODS

DATASET

All patients who had an isolated renal artery aneurysm in the period from 1988 to 2011 were 

extracted from the Nationwide Inpatient Sample (NIS). The NIS is the largest US all-payer 

inpatient database, and has been collected as part of the Healthcare Cost and Utilization 

Project (HCUP). It represents 20% of U.S. hospitalizations, and contains sampling weights 

to approximate total U.S. population estimates. The sampling weights were applied on our 

entire analysis. The NIS database contains de-identified data only without any protected 

health information. Therefore Institutional Review Board approval and patient consent were 

waived.

Buck et al. Page 2

J Vasc Surg. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PATIENTS

Using the International Classification of Diseases, edition 9 (ICD9) code 442.1, we 

identified all patients with a primary diagnosis of renal artery aneurysm undergoing open or 

endovascular repair in the NIS from 1988 to 2011. We excluded patients with concomitant 

diagnoses of aortic aneurysms, as well as those with a thoracic aneurysm and/or aortic 

dissection (ICD9 441, 441.0, 441.1, 441.2, 441.3, 441.4, 441.5, 441.6, 441.7, 441.9, 441.00, 

441.01, 441.02, 441.03). The open repair cohort consisted of patients who underwent either 

nephrectomy (ICD9 554, 555.1, 555.2) or an open reconstruction (ICD9 380.6, 381.6, 383.6, 

384.6, 386.6, 388.6, 392.4, 392.6, 395.0, 395.2, 395.5) and the endovascular cohort 

consisted of patients who had a coil embolization (ICD9 397.9) or a stent placement (ICD9 

399.0, 397.1). We documented demographics including age, sex, race, and co-morbid 

conditions including but not limited to coronary artery disease, hypertension, dysrhythmia, 

prior myocardial infarction, heart failure, chronic obstructive pulmonary disease, acute renal 

failure, chronic renal failure, and peripheral vascular disease.

OUTCOMES

We examined trends in management of total repairs and the proportion of elective and 

urgent open vs. endovascular repairs during our entire study period (1988–2011). However, 

for our outcomes comparison, we limited our analysis to elective repairs during the years 

2000 to 2011, to create contemporaneous comparable cohorts with results relevant to current 

patient care. Since outcomes for open repair improved over time, inclusion of the results 

from a period no longer representative of current outcomes would unfairly bias against open 

surgery. We compared open surgical revascularizations to endovascular interventions and 

subsequently compared nephrectomy to all other repairs. Outcomes included in-hospital 

deaths, post-operative complications and length of stay. Multivariable logistic regression 

was used to adjust for other potential predictors of mortality including age, coronary artery 

disease, prior myocardial infarction, chronic renal failure, peripheral vascular disease, heart 

failure, and dysrhythmia. Nephrectomy patients were included in the multivariable analysis.

STATISTICAL ANALYSIS

Statistical analysis was completed using SPSS statistical software (version 20; IBM Corp, 

Armonk, NY). Where appropriate, continuous variables were compared using two-tailed 

independent sample t-test, and Chi-square or Fischer’s exact test were used for categorical 

variables. The Cochran-Armitage test for trend was used to determine changes over time. 

Statistical significance was defined as P < 0.05.

RESULTS

EPIDEMIOLOGIC TRENDS

We identified 6,234 patients undergoing renal artery aneurysm repairs between 1988 and 

2011, encompassing both elective and urgent procedures. Both the overall total repair rate 

and the endovascular repair rate were noted to increase steadily over time (total repairs from 

8.4 in 1988–1990 to 13.8 in 2009–2011 per 10M US population, P=0.03 and endovascular 

repairs from 0 in 1988–1990 to 6.4 in 2009–2011 per 10M US population, P<.0001) shown 
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in Figure 1. After the introduction of endovascular repairs, the rate of open repair did not 

decrease significantly (5.5 in 1988–1990 to 7.4 in 2009–2011 per 10M US population, P 

=0.28), indicating that endovascular procedures are not replacing open procedures.

ELECTIVE ENDOVASCULAR VS. OPEN REPAIR 2000–2011

There were 2,709 elective procedures from 2000 to 2011; 1,627 open repairs and 1,082 

endovascular repairs. Patients undergoing endovascular repair were more likely to have a 

history of coronary artery disease (18% vs. 11%, P<0.001), prior myocardial infarction 

(5.2% vs. 1.8%, P<0.001), chronic renal failure (7.7% vs. 3.3%, P<0.001) and dysrhythmia 

(4.0 vs. 2.4%, P=0.019) and less likely to have peripheral arterial disease (9.2% vs.14%, 

P<0.01). Age and other pre-operative comorbidities, including hypertension, heart failure, 

and chronic pulmonary disease, were comparable between the two groups, as demonstrated 

in Table I.

In-hospital mortality was significantly higher for endovascular repairs compared to all open 

repairs (1.8% vs. 0.9%, P=0.037). (Table II) Overall complication rates were 12.4% for open 

repairs vs 10.5% for endovascular repairs (P=0.134). (Table II) This included more cardiac 

(2.2% vs. 0.6%, P=0.001) and peripheral vascular complications (0.6% vs. 0.0%, P=0.014) 

with open repair. The rates of respiratory complications, wound dehiscence, bleeding 

complications, and infection were not significantly different between groups, as shown in 

Table II. Open repair was associated with a longer length of stay (6.0 vs. 4.6 days, P<0.001).

Nephrectomy patients had a higher in hospital mortality than the overall repair group (5.4% 

vs. 1.3% p<0.001) and length of stay was longer (8 vs. 6 days, P<.001). (Table III) Infection, 

wound dehiscence, respiratory complications, and total complications were higher after 

nephrectomy.

Multivariable predictors of mortality after a renal artery aneurysm were heart failure (OR 

4.8, 95% CI 2.3–9.8, P<.001), dysrhythmia (OR 7.4, 95% CI 3.5–15.7, P<.001) and 

undergoing a nephrectomy (OR 9.4, 95% CI 2.9–30.7, P<.001). After adjustment, 

endovascular repair was neither protective nor predictive of mortality (OR 1.7, 95% CI 0.9–

3.4, P=0.110).

DISCUSSION

Our study shows that there has been an increase in total repairs since the introduction of 

endovascular techniques, without any decrease in open surgery. Patients undergoing 

endovascular repair had more pre-operative cardiac comorbidities and higher in-hospital 

mortality compared to open repair patients, although adjusted mortality was similar after 

accounting for differences in baseline characteristics. However, cardiac and peripheral 

complication rates were higher for the open repair group, and they had a longer length of 

stay. Henke et al reviewed 168 patients with 252 aneurysms, where 121 patients underwent 

surgery. Three patients presented with ruptured renal artery aneurysm. They found no 

perioperative deaths or late postoperative deaths due to renal artery aneurysm surgery.6 In a 

retrospective analysis of forty-four renal artery aneurysm repairs from 2000 to 2012, 

Tsilimparis et al. reported no mortality and equivalent perioperative complication rates of 
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15% and 17% for open repair and endovascular repair patients respectively. We found a 

lower rate of endovascular interventions for renal artery aneurysms than Tsilimparis et al., 

who found that 55% of renal aneurysms were treated in an endovascular fashion. This 

suggests that nationally, practitioners are not as aggressive with an endovascular approach as 

centers of excellence. Thus, a relative lack of experience with endovascular techniques may 

explain the lack of difference in mortality between open and endovascular repair seen 

previously. Furthermore, this study is reflective of general practice, rather than selected 

experiences at centers of excellence. Additionally, they showed that endovascular repair was 

associated with a significantly shorter hospitalization of 2.3 days, in comparison to 6.3 days 

for open repair, which was comparable to our findings.22 Zhang et al. endorse the use of 

endovascular repair as a first-line technique for renal artery aneurysm treatment.21 In their 

study of 15 patients treated with endovascular techniques, they had no peri-procedural 

mortality or major complications, with a technical success rate of 100%. While our analysis 

found fewer complications and shorter length of stay with endovascular techniques, we 

found no reduction in operative mortality.

The Low Frequency Disease Consortium reported an analysis in support of more 

conservative management and surveillance rather than aggressive surgical treatment, 

proposing that the current recommendations for renal artery aneurysm treatment at a 

diameter of 2 cm may be too aggressive.23 In their retrospective study of 40 patients, they 

found a rate of aneurysm rupture and death to be zero over a mean 36-month follow-up 

period, and a very low growth rate of 0.60 ± 0.16 mm/year.23

An analysis by Hislop et al. using the New York State inpatient database noted a significant 

increase in both the total number of renal artery aneurysm repairs as well as an increase in 

the proportion of endovascular repairs performed from 2000 to 2006.9 Our study confirms 

this finding with a longer time period including the pre-endovascular era and is 

representative of the entire United States. In their retrospective review of 215 patients 

undergoing renal artery aneurysm repair, endovascular therapy was also associated with a 

lower incidence of complications, and a significantly lower length of stay.9 Additionally, the 

favorable postoperative outcomes reported for the endovascular repairs were comparable to 

those observed in our analysis and lend support to the notion that endovascular repairs may 

also be economically more favorable as indicated by the lower median cost and earlier 

discharge. The mortality rate was 1.1% in their endovascular cohort and 3.2% in the open 

repair group.9 This however, was not significantly different. In our larger, national analysis 

of 2709 procedures, endovascular repairs had significantly higher in-hospital mortality than 

open repairs. This was in part attributed to the comorbidities of the patients who received an 

endovascular treatment compared to those in the open repair cohort. While this finding was 

unexpected, endovascular procedures may also be associated with technique-specific 

complications, including hemorrhage, renal artery dissection, postembolization syndrome 

and coil migration.21 Additionally, there is likely a publication bias in that centers may not 

choose to publish their results if they find that their endovascular patients fared worse than 

open surgical patients or worse than prior reports of endovascular treatment. This highlights 

the benefit of a national analysis such as this, which is reflective of general practice, rather 

than selected experiences at centers of excellence. While we are able to study a large sample 
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size, our study is limited in that it is not a randomized controlled trial. It is an observational 

study of administrative data and is subject to coding errors. Our data lack information on 

aneurysm diameter, renal size and the location of the renal artery aneurysm, whether it is 

found in the main renal artery or the hilum of the kidney, which renders us unable to 

comment on the appropriate threshold for intervention. After adjustment for co-existing 

conditions, the increased mortality with endovascular repair was no longer significant (OR 

1.7, 95% CI 0.9–3.4). The dataset provides in-hospital data only, with no information 

available regarding prior endovascular or open procedures or follow-up after discharge. It is 

possible that some patients undergoing endovascular procedures are being treated as 

outpatients and thus would not be included in the NIS. Although we feel this is unlikely, if 

this were a substantial proportion of procedures, this would likely cause our analysis to 

overestimate the procedural complication rate and underestimate the proportion of patients 

treated with endovascular means. Nevertheless, our study represents one of the larger 

American series and may be broadly generalizable due to both academic and community 

hospitals that the NIS incorporates.

CONCLUSION

This retrospective review demonstrates that more renal artery aneurysms are being treated 

after the introduction of endovascular techniques. Although there is evidence supporting a 

significantly lower rate of post-operative complications and a shorter length of stay with 

endovascular repair, there has not been a reduction in operative mortality nor has there been 

a reduction in open surgical procedures. Therefore, re-evaluation of the indications of repair 

of isolated renal artery aneurysms, by in particular endovascular, but also by open 

techniques, is warranted.
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Figure 1. 
Quantitative comparison of endovascular and open repairs (including both elective and 

urgent procedures)
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Table I

Pre-Operative characteristics of patients undergoing elective endovascular and open repair of renal artery 

aneurysm from 2000–2011

Pre-operative Demographics Open (N=1627) EVAR (N=1082) P-value

Age 57 58 0.087

Female 57% 42% <.001

Coronary Artery Disease 11% 18% <.001

Hypertension 61% 58% 0.168

Dysrhythmia 2.4% 4.0% 0.019

 Atrial fibrillation 6.6% 6.4% 0.837

Prior myocardial infarction 1.8% 5.2% <.001

Heart failure 5.0% 4.9% 0.922

Chronic obstructive pulmonary disease 6.2% 7.7% 0.123

Chronic Renal Failure 3.3% 7.7% <.001

Cardiovascular disease 0.9% 1.5% 0.133

Peripheral vascular disease 14% 9.2% <.001
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Table II

In hospital outcomes of elective endovascular and open renal artery aneurysm repairs from 2000–2011

Open (N=1627) Endo (N=1082) P-value

In-hospital Mortality 0.9% 1.8% 0.037

Cardiac complications 2.2% 0.6% 0.001

Respiratory complications 4.6% 4.3% 0.658

Peripheral vascular complications 0.6% 0.0% 0.014

Acute renal failure 10% 6.8% 0.001

Wound dehiscence 0.3% 0.0% 0.068

Bleeding complications 5.2% 5.0% 0.842

Infection 0.9% 0.8% 0.983

Any complication 12.4% 10.5% 0.134

Length of Stay (days) 6.0 4.6 <.001
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Table III

In hospital outcomes after nephrectomy versus any revascularization for renal artery aneurysm from 2000–

2011

Post-operative Outcomes Nephrectomy (N=459) All Repairs (N=2709) P-value

In-hospital Mortality 5.4% 1.3% <.001

Cardiac complications 2.4% 1.5% 0.169

Respiratory complications 19.6% 4.5% <.001

Peripheral vascular complications 0.0% 0.3% 0.217

Wound dehiscence 3.5% 0.2% <.001

Bleeding complications 5.4% 5.0% 0.721

Infection 2.2% 0.8% 0.009

Any complication 24.0% 11.6% <.001

Length of Stay (days) 7.9 5.5 <.001
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