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Abstract

Purpose: To determine the impact of renal function trajectory, defined as the change in renal 

function over time before and after renal artery stent placement, on long-term risk for renal 

replacement therapy (RRT) and mortality.

Materials and methods: Estimated glomerular filtration rate (eGFR) 6–12 months prior to 

renal artery stent placement, at the time of intervention, and 6–12 months after intervention, was 

determined. A total of 398 patients were included in the study. The effect of eGFR change before 

and after renal artery stent placement was calculated. Cox proportional hazard ratio was used to 

determine the risk for RRT and all-cause mortality.

Results: The risk for RRT was significantly influenced by eGFR change from the time of 

intervention to follow-up at 6–12 month after treatment (P=0.02). Furthermore, among patients 

with a post-intervention eGFR ≤ 40 ml/min/1.73m2, for every 1 unit of eGFR increase there was a 

significant decrease in RRT and all-cause mortality (P < 0.001 and P<0.001, respectively). 

Secondary parameters that increased RRT risk included diabetes at the time of intervention 

(P=0.03), increased baseline proteinuria (P<0.001) and stage 4 chronic kidney disease (CKD) 

(P=0.01) and stage 5 CKD (P=0.003). Multivariate analysis demonstrated higher all-cause 

mortality rates among patients with diabetes at time of intervention (P=0.009).

Conclusion: Post-intervention eGFR trajectory improvement approaching 40 ml/min/1.73m2 

was associated with decreased RRT and mortality risk. These findings suggest that patients with 

advanced CKD and renal artery stenosis may benefit from revascularization regardless of their pre-

intervention renal function measurement.
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Introduction

The role of renal artery stent placement for renovascular hypertension is evolving. Early 

literature demonstrated revascularization of hemodynamically significant renal artery 

stenosis was an effective therapy for refractory hypertension (1, 2). Subsequent studies 

including the Angioplasty and Stenting for Renal Artery Lesions (ASTRAL) and 

Cardiovascular Outcomes in Renal Atherosclerotic Lesions (CORAL) trials found that renal 

artery stent placement did not confer additional benefit over medical therapy for 

renovascular hypertension or renal function improvement (3, 4). As a result, the indications 

for renal artery revascularization have become more focused and include medically 

refractory hypertension, recurrent pulmonary edema, and rapidly declining renal function 

(5).

Data on the impact of renal function trajectory prior to renal artery stent placement on post-

intervention kidney function is limited. Watson et al reported that renal artery stent 

placement improved or stabilized renal function and preserved kidney size in 33 patients at a 

mean follow-up time of 18 months (6). Another study with 40 patients (22 treated medically 

and 18 treated with stent placement) by Arthurs and colleagues compared renal function 

trajectory over 24 months prior to intervention with renal function trajectory for 48 months 

after intervention. They showed that revascularization significantly slowed the rate of renal 

function decline whereas renal function decline accelerated in a control group treated with 

medical therapy alone (7). The current study aimed to evaluate the effect of renal artery stent 

placement on renal replacement therapy (RRT) and all-cause mortality based on renal 

function change from 6–12 months pre-intervention to the time of intervention, and from the 

time of intervention to 6–12 months post-intervention.

Materials and methods

Approval from the institutional review board was obtained for this retrospective single 

institution cohort study. All patients who underwent renal artery stent placement between 

January 1996 and June 2016 were reviewed. In total, 1225 patients were identified with 807 

patients excluded for missing data, largely pre-intervention renal function 6–12 months prior 

to renal artery intervention. An additional 20 patients were excluded because they declined 

to participate in the study. The final cohort consisted of 398 patients. Mean patient age was 

73.4 ± 8.6 years with 206 (51.8 %) males and 192 (48.2%) females. Bilateral renal artery 

stenosis was treated in 162 (41%) patients. Patient characteristics at the time of intervention 

are presented in Table 1.

Procedure

Patients were referred to the Intervention Radiology Division with the intention of renal 

artery stent placement if Doppler ultrasound demonstrated a main renal artery peak systolic 

velocity >180 cm/s or a renal-to-aortic ratio >3.5. Antihypertensive and statin medications 

were continued until the day of the procedure in all patients. Intravascular access was 

obtained from the common femoral artery. The renal arteries were selected and angiograms 

were performed. Identified stenoses ≥50% by visual assessment were treated with 

angioplasty followed by balloon-mounted bare-metal stent placement. The mean stent 
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diameter was 5.9 ± 0.9 mm. Embolic protection was not utilized. All patients were 

prescribed aspirin after stent placement unless they had an aspirin allergy.

Measured outcomes

The primary outcome was the impact of estimated glomerular filtration rate (eGFR) on the 

incidence of RRT, which includes hemodialysis and transplant, and mortality. The 24-hour 

proteinuria, medications and comorbidities including chronic kidney disease (CKD), 

coronary artery disease, diabetes mellitus, and smoking history were analyzed as possible 

factors contributing to RRT and mortality. The need for RRT was obtained by querying the 

United States Renal Data System. Mortality information was obtained by querying the 

United States Social Security Death Index and health system medical record up to December 

31, 2017.

Estimated glomerular filtration rate was calculated from serum creatinine levels and patient 

demographic information using the Modification of Diet in Renal Disease equation (8). The 

eGFR 6–12 months prior to renal artery stent placement, at the time of intervention, and 6–

12 months after intervention was determined. Chronic kidney disease stages were 

determined based on the Kidney Disease: Improving Global Outcomes (KDIGO) CKD 

Work Group classification (9).

Statistical analysis

Descriptive statistics for patient characteristics are reported as number (percentage) for 

discrete variables and as mean (SD) for continuous variables. Estimates for overall survival 

and for survival free of need for RRT were calculated using the Kaplan Meier method. The 

functional form of post-intervention eGFR was examined using a smoothing spline curve for 

the outcomes of overall survival and need for RRT. eGFR post-intervention indicated a 

linear association with overall survival and RRT, though limited to those patients with an 

eGFR <40 ml/min/1.73m2. In patients with an eGFR >40 ml/min/1.73m2 there was no 

indication of a change in the eGFR association for either outcome. A univariate Cox model 

was used to assess the association of eGFR and patient and disease characteristics with need 

for RRT and overall survival. A multivariate Cox model was also used to assess variables 

contributing to overall survival. However, a multivariate analysis for RRT was not performed 

due to the low number of occurrences in the study. The alpha-level was set at 0.05 for 

statistical significance. All analyses were completed using SAS version 9.4 (SAS Institute, 

Cary, NC, USA).

Results

Of the 398 patients who underwent renal artery stent placement 14 patients started RRT, 16 

patients died, and 9 were lost to follow-up within 1 year of intervention. The analyses for 

RRT-free survival and mortality risk began after the 6–12 month post-intervention renal 

function was determined. The median follow-up time was 6.8 years for RRT and 11.0 years 

for mortality. A total of 23 patients eventually went on to RRT following post-intervention 

eGFR evaluation. The RRT free-survival at 5 years was 92.1% (95% confidence interval 

[CI], 88.0%–96.1%). Regarding mortality, a total of 248 patients died after 6–12 month post-
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intervention eGFR evaluation with a 5-year mortality risk of 60.3% (95% CI, 54.9%–

66.3%). Kaplan-Meier estimates for freedom from the need for RRT and all-cause mortality 

are illustrated in Figures 1 and 2, respectively.

Mean pre-intervention, at intervention, and post-intervention eGFR measured 48.3 ± 18.7 

ml/min/1.73m2, 42.5 ± 17.8 ml/min/1.73m2, and 45.5 ± 20.1 ml/min/1.73m2, respectively. 

The eGFR trajectory from 6–12 months pre-intervention to time of intervention was not 

significantly associated with risk for RRT or all-cause mortality (P = 0.47 and P = 0.45, 

respectively). However, the eGFR trajectory from intervention to 6–12 months post-

intervention was significantly associated with the freedom from RRT (Hazard ratio [HR] 

0.96; 95% CI 0.92–0.99; P = 0.02). This change was not associated with freedom from all-

cause mortality (HR 0.99; 95% CI 0.98–1.00; P = 0.21).

The functional form of eGFR post-intervention with need for RRT was examined. Among 

patients with a post-intervention eGFR ≤40 ml/min/1.73m2, for a 1 unit eGFR increase up to 

40 ml/min/1.73m2, there was a significant decrease in RRT risk (HR 0.87; 95% CI 0.83–

0.91; P < 0.001) (Figure 3) as well as all-cause mortality risk (HR 0.95; 95% CI 0.94–0.97; 

P < 0.001). However, patients with eGFR > 40 ml/min/1.73m2 at 6–12 months post-

intervention did not experience lower incidences of RRT or death.

Baseline comorbidities and medication analyses with regard to RRT and death outcomes 

were assessed (Table 2 and Table 3, respectively). Variables associated with higher rates of 

RRT included diabetes at the time of intervention (P=0.03); increased baseline proteinuria 

(P<0.001); and stage 4 and stage 5 CKD, relative to stage 1/2/3A (P=0.01 and P=0.003, 

respectively). Higher mortality rates were observed at univariate analysis in patients with 

diabetes at time of intervention (P=0.005); increased baseline proteinuria (P=0.01); and 

stage 4 CKD relative to stage 1/2/3A (P=0.005). A multivariate analysis for mortality was 

performed including eGFR 6–12 months after intervention, CKD stage, baseline proteinuria, 

bilateral versus unilateral intervention, ACE inhibitor, angiotensin receptor blocker, 

clopidogrel, diabetes, coronary artery disease, and cerebrovascular disease. In the final 

parsimonious model, diabetes was the only comorbidity associated with increased mortality 

(HR 1.42; 95% CI 1.09–1.86; P = 0.009), while mortality decreased for every 1 unit increase 

in eGFR up to 40 ml/min/1.73m2 among patients with post-interventional eGFR <40 

ml/min/1.73m2 (HR 0.95; 95 % CI 0.94–0.97; P < 0.001).

Discussion

Renal artery stent placement has been shown to effectively improve renovascular 

hypertension and stabilize renal function, but improvement in eGFR is limited (4, 10). In this 

study, patients had a modest eGFR improvement after renal artery stent placement. However, 

this small improvement, particularly in patients with advanced CKD, may be significant for 

reducing RRT and mortality risk. Among patients with stage 3B–5 CKD, eGFR 

improvement toward 40 ml/min/1.73m2 at 6–12 months after intervention was associated 

with a decreased risk of both RRT and all-cause mortality.
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The rates of RRT and all-cause mortality were 5.8% and 62.3%, respectively. In contrast, the 

rates of these variables in the stenting plus medical therapy arm of the CORAL trial were 

3.5% and 13.7%, respectively. The mean eGFR in the CORAL trial was 58.0 ± 23.4 ml/min/

1.73m2 compared to 42.5 ± 17.8 ml/min/1.73m2 in the current study at the time of 

intervention (4). The findings in the present study indicate that for patients with advanced 

CKD, the risk for RRT and all-cause mortality will decrease with each unit of eGFR 

increase. Patients with renal insufficiency from renal artery stenosis and intact compensatory 

mechanisms such as sustained hypertension may benefit more from revascularization (11). 

This may explain the lack of benefit from renal artery stent placement that was demonstrated 

in the CORAL trial where patients had better baseline kidney function as well as 

questionable anatomic and no hemodynamic assessment of renal artery stenosis significance 

(12).

Renal function may improve in approximately half of patients who undergo renal artery 

revascularization while about one-third of patients may experience progression of kidney 

disease (13). Patients with lower baseline eGFR or rapidly declining kidney function may 

have a greater response to stent placement compared to patients with normal or near-normal 

kidney function as was seen in previous randomized control trials (11, 14, 15). The rate of 

progression to RRT after renal stent placement has been reported to be approximately 10–20 

% among patients with chronic kidney disease (16, 17). A study by Thatipelli et al found 

that among 16 RRT patients with renal artery stenosis, 8 patients were liberated from RRT 

and remained free from RRT over an average follow-up time of 564 days (18). In that study, 

24-hour proteinuria, eGFR prior to intervention, and renal size measured at ultrasound were 

determined to be predictors for RRT discontinuation. In the present study, elevated 24-hour 

proteinuria, diabetes and stage 4 CKD increased RRT risk.

Patients with renovascular hypertension and CKD secondary to renal artery stenosis may 

have higher rates of mortality related to cardiovascular events (19). High-grade 24-hour 

proteinuria, CKD stage 3b, 4 or 5, carotid disease and diabetes are associated with increased 

risk for all-cause mortality after renal artery stent placement (15, 20, 21). Higher-grade 

proteinuria is associated with elevated risk for acute kidney injury after renal artery 

intervention. Data from the CORAL trial also found that patients who received renal artery 

stents with lower urine albumin to creatinine ratios had better event-free survival, lower 

cardiovascular and renal mortality, less progressive renal failure, and better overall survival 

(22). In the current study, only diabetes was a significant risk factors for increased all-cause 

mortality in the multivariate model. Furthermore, an eGFR of 40 ml/min/1.73m2 may have 

utility as a target for optimizing intervention and medical therapy goals to improve outcomes 

in patients with renal artery stenosis.

A few limitations should be considered. This was a non-randomized retrospective study. 

Consequently, clinical follow-up and medical therapy were not standardized. In order to 

capture 398 patients with data 6–12 months prior intervention, at intervention, and 6–12 

months post intervention, 1225 patient had to be reviewed. The large number of excluded 

patients introduces selection bias. This study determined eGFR levels at single time points 

before and after intervention, and the patient’s clinical status at the time of renal function 

assessment may have had an effect on the calculated eGFR. The male-to-female ratio was 
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incidentally almost equivalent, which is not representative of the male-predominant 

prevalence of atherosclerosis in the general population and represents a bias of the study 

(23). Renal artery stenoses were initially identified by ultrasound criteria and treated if there 

was at least 50% luminal narrowing of the vessel angiographically. However, renal artery 

diameter and pressure gradients to further evaluate stenosis severity were not measured. 

Other treatment factors such as the use of anti-lipid medications such as statins, and 

reintervention were not evaluated. Statins have been shown to reduce renal artery restenosis 

rates and confer renal protection benefits over conventional lipid-lowering therapy (24, 25). 

Lastly, the lack of a control group makes it difficult to assess the effect of renal artery stent 

placement on RRT and all-cause mortality.

In conclusion, the risk for RRT decreased based on renal function improvement after 

intervention, but renal function within 12 months prior to intervention did not impact these 

risks. Most importantly, post-intervention eGFR trajectory improvement approaching 40 

ml/min/1.73m2 was associated with decreased RRT and death risk. These findings suggest 

that patients with advanced CKD and renal artery stenosis may benefit from 

revascularization regardless of their pre-intervention renal function outlook.
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Figure 1. 
Kaplan-Meier estimates for freedom from the need for RRT after renal artery stent 

placement. Fourteen patients were started on RRT, 16 patients died and 9 were lost to 

follow-up within 1 year of intervention resulting in an initial number at risk of 359 patients.
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Figure 2. 
Kaplan-Meier estimates for freedom from all-cause mortality after renal artery stent 

placement. Sixteen patients died within 1 year of intervention resulting in initial number at 

risk of 382 patients.
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Figure 3. 
Risk for RRT as a function of 6–12 months post-intervention eGFR. Each vertical bar at the 

bottom of the figure represents an individual patient. Note the risk decreases as eGFR 

approaches 40 ml/min/1.73m2.
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Table 1.

Patient characteristics at time of intervention.

(N=398)

Age, years, Mean (SD) 73.4 (8.6)

Sex

 Female 192 (48.2%)

 Male 206 (51.8%)

Estimated glomerular filtration rate, Mean (SD), ml/min/1.73m2

 6–12 months pre intervention 48.3 (18.7)

 At time of intervention 42.5 (17.8)

 6–12 months post intervention 45.5 (20.1)

Proteinuria, Mean (SD), mg/24hrs 428.5 (888.1)

Comorbidities, n (%)

 Diabetes Mellitus 138 (34.7)

 Hypertension 387 (97.0)

 Hyperlipidemia 331 (83.2)

 Coronary artery disease 267 (67.1)

 Statin 320 (80.4)

Medications, n (%)

 Angiotensin-converting enzyme inhibitor/Angiotensin II receptor blocker 351 (88.2)

 Calcium Channel Blocker 321 (80.7)

 Beta Blocker 335 (84.2)

 Aspirin 350 (87.9)

 Clopidogrel 264 (66.3)

 Warfarin 156 (39.2)

 Insulin 102 (25.6)
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Table 2.

Univariate Cox Models, predictors for freedom from renal replacement therapy

Hazard Ratio Lower 95% CI Upper 95% CI P

Change, eGFR from pre-intervention to intervention* 1.01 0.98 1.05 0.47

Change, eGFR from intervention-post-intervention** 0.96 0.92 0.99 0.02

eGFR post-intervention † 0.87 0.83 0.91 <0.001

CKD stage

 1/2/3A 1.00

 3B 1.29 0.37 4.47 0.69

 4 4.32 1.35 13.80 0.01

 5 13.58 2.46 75.13 0.003

Proteinuria, per 100 mg 1.09 1.06 1.12 <0.001

Bilateral intervention 2.60 1.12 6.07 0.03

ACEI/ARB 1.50 0.35 6.41 0.59

Clopidogrel 1.75 0.71 4.31 0.23

Diabetes 2.55 1.11 5.84 0.03

Coronary artery disease 2.85 0.96 8.42 0.06

Stroke 0.66 0.20 2.21 0.50

*
Per 1 ml/min/1.73m2 eGFR trajectory increase for 6–12 months leading up to renal artery stent placement.

**
Per 1 ml/min/1.73m2 eGFR trajectory increase from renal artery stent placement up to 6–12 months follow-up.

†
eGFR trajectory from renal artery stent placement up to 6–12 months follow-up among patients with eGFR <40. Among patients with an eGFR at 

post-intervention <40 ml/min/1.73m2, the hazard ratio is for a one unit increase in eGFR, up to 40 ml/min/1.73m2.

CKD=chronic kidney disease; ACEI=angiotensin-converting-enzyme inhibitor; ARB=angiotensin receptor blocker; CI=confidence interval Impact 
of renal function trajectory on dialysis and mortality risk after renal artery revascularization1

J Vasc Interv Radiol. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Takahashi et al. Page 13

Table 3.

Univariate Cox models, predictors for freedom from all-cause mortality.

Hazard Ratio Lower 95% CI Upper 95% CI P

Change, eGFR pre-intervention - baseline* 1.01 0.99 1.02 0.45

Change, eGFR baseline-post-intervention** 0.99 0.98 1.00 0.21

eGFR post-intervention † 0.95 0.94 0.97 <0.001

CKD stage

 1/2/3A 1.00

 3B 0.92 0.68 1.25 0.60

 4 1.61 1.15 2.23 0.005

 5 1.55 0.82 2.93 0.18

Proteinuria, per 100 mg 1.02 1.00 1.04 0.01

Bilateral intervention 1.19 0.92 1.54 0.18

ACEI/ARB 0.97 0.66 1.44 0.89

Clopidogrel 1.28 0.97 1.67 0.08

Diabetes 1.46 1.12 1.90 0.005

Coronary artery disease 1.28 0.96 1.71 0.09

Stroke 1.06 0.77 1.44 0.73

*
eGFR trajectory for 6–12 months leading up to renal artery revascularization.

**
eGFR trajectory from renal artery stent placement up to 6–12 months follow-up.

†
eGFR trajectory from renal artery stent placement up to 6–12 months follow-up among patients with eGFR <40 ml/min/1.73m2. Among patients 

with an eGFR at post-intervention <40 ml/min/1.73m2, the hazard ratio is for a one unit increase in eGFR, up to 40 ml/min/1.73m2.

CKD=chronic kidney disease; ACEI=angiotensin-converting-enzyme inhibitor; ARB=angiotensin receptor blocker; CI=confidence interval.
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