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Abstract

 Purpose—To identify the risk factors for progression to renal replacement therapy (RRT) and 

all-cause mortality in patients who underwent renal artery (RA) stent placement for atherosclerotic 

renal artery stenosis (RAS).

 Materials and Methods—A retrospective study was performed from June 1996 to June 2009 

that identified 1052 patients that underwent RA stent placement. The glomerular filtration rate at 

the time of RA stent placement was estimated from the serum creatinine level and divided into 

renal disease stages 1–5. Univariate and multivariable Cox proportional hazards models were used 

to determine which factors were associated with each endpoint.

 Results—The times to progression to all-cause mortality and RRT were similar for chronic 

kidney (CKD) stages 1/2/3A and served as the reference group. In multivariable analysis, high-

grade proteinuria (P<.001), higher CKD stage [stage 5 vs. 1-3A, (P<.001)], stage 4 vs. 1-3A, (P<.

001), stage 3B vs. 1-3A, (P=.02)] remained independently associated with increased risk of 

progression to RRT. Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker (ACEi/

ARB) use was associated with decreased risk of progression to RRT (P=0.03). Higher CKD stage 

[stage 5 vs. 1-3A, (P<.001), stage 4 vs. 1-3A (P=.004), carotid artery disease (P<.001), diabetes 

mellitus (P=.002), and high-grade proteinuria (P<.001) remained independently associated with 

all-cause mortality. Statin use was associated with decreased risk of all-cause mortality (P< 0.001).

 Conclusion—Based on this analysis, patients with atherosclerotic RAS who undergo RA 

stenting who have high-grade proteinuria and CKD stage 3B, 4 or 5 have an increased risk of 

progression to RRT. Patients with high-grade proteinuria, CKD stage 3B, 4 or 5, carotid disease or 
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diabetes have an increased risk for all-cause mortality after renal artery stenting. ACEi/ARB use in 

this patient population has a decreased risk of progression to RRT and patients on statins have a 

decreased risk of all-cause mortality.
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 Introduction

Atherosclerotic renal artery stenosis (RAS) is a recognized contributor to uncontrolled 

hypertension and/or worsening of renal function [1, 2]. Restoring blood flow with either 

surgical or endovascular revascularization can improve management of refractory 

renovascular hypertension and can sometimes salvage renal function [3–6]. However, 

identifying patients likely to benefit from endovascular intervention remains a major 

challenge. In recent years, prospective, randomized controlled trials have failed to 

demonstrate a major additional benefit for patients who have been treated with angioplasty 

and/or stent placement versus medical therapy for the treatment of RAS [7–11]. Several 

weaknesses have been identified with these trials including the small number of patients, 

cross over, selection bias, and potential of under powering of the trials [8, 12, 13]. 

Observational studies and results of registries suggest that technically successful 

revascularization confers a substantial survival benefit to some "high risk" patient subsets [5, 

6, 14–20]. Because this population often includes older subjects with the presence of 

extensive comorbid cardiovascular disease, identifying predictors for all-cause mortality 

and/or progression to renal replacement therapy (RRT with hemodialysis, peritoneal 

dialysis, or kidney transplantation) is an important goal in planning therapy.

The purpose of the current study was to evaluate the factors that contribute to progression to 

RRT and all-cause mortality in patients with chronic kidney disease (CKD) with 

atherosclerotic renal artery stenosis who have undergone renal artery stent placement using 

the resources of the United States Renal Data System (USRDS) and the Social Security 

Death Index. It is hypothesized that patients with advanced chronic renal disease (CKD 

stage 3B or greater) would have worse outcomes as compared to stage 1, 2, and 3A. This 

information is important for interpreting completed and ongoing clinical trials, designing 

future clinical trials, and for clinical management of patients with comorbid risks to better 

determine which patients may benefit from renal artery stent placement.

 Methods and Materials

Institutional review board approval was obtained prior to conducting this retrospective study. 

All patients undergoing stent placement for the treatment of atherosclerotic renal artery 

stenosis for either hypertension or worsening renal function from June 1996 to June 2009 

were included in the data set. Demographic data, comorbidity data, pre-procedural and post-

procedural laboratory data, and catheter-related angiographic data through October 2011 

were obtained from medical records. Embolic protection devices were not used on any of the 

patients in this study. A total of 1222 unique patients were treated for renovascular disease. 
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Patients were excluded if they had concomitant fibromuscular dysplasia (FMD) and/or were 

treated for non-atherosclerotic renal artery disease. The study group comprised of 1052 

patients after applying the exclusion criteria. Of these patients, 526 were female (50%) with 

a total mean age of 72.4 ± 9.2 years (range: 42–93). The median follow-up period was 3.8 

years (range: 0–10.79 years, mean = 2.2 ± 2.0). The patient demographics are displayed in 

Table 1.

The primary endpoint was the progression to RRT. The secondary endpoint was all-cause 

mortality. The information on the need for RRT was obtained by querying the United States 

Renal Data System (USRDS) in October 2011. All-cause mortality data were obtained in 

August 2011 by querying the death data present in the United States Social Security Death 

Index (SSDI) and the health system medical records. RRT was defined as needing 

hemodialysis, peritoneal dialysis, or renal transplantation at anytime after stent placement or 

undergoing renal transplantation.

 Definitions

Glomerular filtration rate (GFR) was estimated using the serum creatinine level prior to the 

stent procedure using the MDRD (“modification of diet in renal disease”) formula: estimated 

GFR (eGFR)= 186 X (Serum creatinine)−1.54 X Age− 0.203 X 0.742 (Females) X 1.210 

(African Americans) [21]. Baseline creatinine data were collected and analyzed based on the 

latest creatinine within 30 days before the procedure. Each patient’s CKD stage was based 

on his or her GFR at the time of the first RAS procedure. Patients were stratified into stages 

of renal disease based on the Kidney Dialysis Outcomes Quality Initiative (KDOQI) 

classification. Stage 1 was defined as a GFR greater 90 mL/min/m2; stage 2 was defined as 

GFR between 60–89 mL/min/m2; stage 3A was defined as GFR between 45–59 mL/min/m2; 

stage 3B was defined as GFR as 30–44 mL/min/m2; stage 4 was defined as GFR between 

15–29 mL/min/m2; and stage 5 was defined as GFR less than 15 mL/min/m2. Prediction of 

the 24 hour urinary protein excretion rate was obtained from a randomly collected urine 

specimen prior to the renal artery intervention and made using the following formula: 24 hr 

predicted proteinuria (gm/L) per 1.73 m2 body surface area= (Urine [protein] X 0.088) ÷ 

Urine [creatinine] [22]. This was determined by the last available urine sample in the patient 

chart prior to intervention obtained within 30 days of the procedure date. High-grade 

proteinuria was defined as >300 mg/24 hour. Low-grade proteinuria was defined as ≤ 300 

mg/24 hour.

Preliminary Kaplan-Meier plots of cumulative survival revealed that patients with stages 1, 

2, and 3A had very similar risk of all-cause mortality and progression to RRT. For this 

reason, these stages were combined in the analyses. As this study was retrospective, all 

available data were used for each analysis. The sample size for each model was different for 

this reason and is included in the summary tables.

Refractory hypertension was defined as uncontrolled blood pressure despite the patient 

being on three anti-hypertensive medications including diuretic therapy, a systolic pressure 

greater than 140 mm Hg or diastolic pressure greater than 90 mm Hg [23]. Anti-anginal 

medications other than β-blockers were not defined as blood pressure medications for the 

purposes of this study. Patients without refractory hypertension were not excluded from this 
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study as an indication for renal artery stent placement because in this population, renal artery 

stent placement was performed for preserving kidney function.

Medication usage at the time of stent placement was included in the analysis as well. Along 

with baseline hypertensive medications, usage of statins, angiotensin-converting enzyme 

inhibitors (ACEi), angiotensin receptor blockers (ARB), calcium channel blockers, beta 

blockers, aspirin, clopidogrel, warfarin, and insulin were recorded. Given similar 

mechanisms of ACEi and ARB, for the purpose of the analysis, their usage was combined. 

Specific medication data was only available for analysis in 951 of the 1052 patients.

 Renal artery stent placement

A description of the interventional procedure has been detailed elsewhere [24]. Three 

hundred and ninety patients (37.1%) had bilateral stents placed and 562 patients (53.4%) had 

unilateral stents placed.

 Statistical Methods

SAS version 9.3 software (SAS Institute Inc., Cary, North Carolina, USA) was used for the 

statistical analyses. In data summaries, categorical variables were expressed as percentages 

and continuous variables were expressed as means ± standard deviation (SD) or medians 

(range) as appropriate. The primary endpoint and secondary endpoint were analyzed in two 

stages. First, univariate Cox-proportional hazards models were used to estimate the hazard 

ratios (HR) associated with pre-interventional clinical and angiographic variables 

[proteinuria, current smoking status, peripheral artery disease, carotid disease, diabetes, 

coronary artery disease (CAD), family history of CAD, stroke, cerebrovascular disease, 

hypertension, hyperlipidemia, medication usage, unilateral versus bilateral RAS treatment, 

and baseline CKD stage]. Next, variables with information present in at least 95% of 

patients, i.e. greater than or equal to 1000 patients and also the variable presence of high-

grade proteinuria (>300 mg/24hour) were entered into a backward multivariable selection 

method (for each of the endpoints). Due to a lack of pattern with the missing data, the 

inclusion of variables with less than N=1000 observations led to lower sample sizes in the 

multivariable model building process. Proteinuria was included despite being missing in 

20% of patients (N=842 out of 1052) because it was felt to be an important marker of renal 

disease. Given that only 951 patients had specific medication data, a separate multivariate 

analysis was performed only using these 951 patients. Beginning point for the analysis (time 

= 0) was the time of stent placement for each patient. A P-value < .05 was used to denote 

statistical significance. Kaplan-Meier plots versus CKD stage were used to supplement these 

analyses for each of the endpoints.

 Results

 Hypertension and hypertensive medications

The mean systolic blood pressure at baseline was 156 ± 29 mm Hg (range 90–225, median = 

154) and the mean diastolic blood pressure was 76.8 ± 14.8 mm Hg (range 40–187, median 

= 77) while the mean number of blood pressure medications was 2.9 ± 1.3 (range 0–8, 

median =3, Table 1). The mean systolic blood pressure decreased by 17.6 mm Hg when 
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compared from baseline to the last follow-up [95% CI (−20.9 to −14.2), P<.001] and the 

mean diastolic blood pressure decreased 7.9 mm Hg as well [95% CI (−9.8 to −6), P<.001]. 

The number of blood pressure medications decreased by .18 [95% CI (−.27 to −.09), P<.

001].

 Baseline renal disease characteristics

The distribution of baseline CKD Stages was: stages 1-3A (445 patients, 42.3%), stage 3B 

(339 patients, 32.3%), stage 4 (220 patients, 20.9%), and stage 5 (48 patients, 4.6%). Two 

hundred and sixty-seven patients had high-grade proteinuria (25.4%) and 575 had low-grade 

proteinuria (54.7%). During the follow-up period, 105 patients progressed to requiring 

hemodialysis while 6 patients underwent renal transplantation. When evaluating the cohort 

of patients that progressed to requiring hemodialysis based on baseline CKD stage, there 

were five patients within the CKD Stage 1-3A group, 25 patients in Stage 3B, 53 patients in 

Stage 4, and 22 in stage 5.

 Predictors of progression to renal replacement therapy alone

Univariate and multivariable analyses were used to evaluate what risk factors may be 

associated with risk for progression to RRT. In the univariate analysis using CKD stage 

1/2/3A as the reference group, CKD stage 3B, [HR=6.2, 95% CI (2.4–16.2), P<.001], CKD 

stage 4 [HR=25, 95% CI (10–62.4), P<.001], and CKD stage 5 [HR=84.3, 95% CI (32–222), 

P<.001] were associated with progression to RRT. Other factors included baseline high-

grade proteinuria [HR=8.0, 95% CI (5–13), P<0.001]; current smoker [HR=2.8, 95% CI 

(1.8–4.4), P<0.001]; and bilateral renal artery stenosis [HR=1.5, 95% CI (1.0–2.1), P=.04]. 

Patients on calcium channel blockers had a significantly increased risk for progression to 

RRT [HR=1.99, 95% CI (1.03–3.84), P=.04].

In multivariable analysis, CKD stages 1/2/3A as the reference group, CKD stage 3B 

[HR=3.4, 95% CI (1.3–9.4), P<.02], CKD stage 4 [HR=14.4, 95% CI (5.6–36.7), P<.001], 

and CKD stage 5 [HR 33.9, 95% CI (12.3–93.7), P<.001] remained independently 

associated with progression to RRT. Figure 1 shows a Kaplan-Meier plot of this endpoint. In 

addition, baseline high-grade proteinuria [HR=3.8, 95% CI (2.3–6.3), P<.001] and calcium 

channel blocker usage [HR=2.2, 95% CI (1.1– 4.1), P= 0.03] remained independently 

associated with RRT. Patients who used ACEi/ARB were less likely to progress to RRT 

[HR=0.57, 95% CI (0.34–0.95), P= 0.03]. All univariate and multivariable results are listed 

in Table 2.

 Predictors of all-cause mortality

There were far more patient deaths (397, 37.7%) than patients requiring RRT (111, 10.6%). 

In addition, there were an additional 89 deaths that occurred after the patients had been 

started on dialysis or transplanted, thus the all-cause mortality analysis included 486 deaths.

Univariate and multivariable analyses were used to predict factors associated with all-cause 

mortality. In the univariate analysis using CKD stage 1/2/3A as the reference group, CKD 

stage 3B [HR=1.4, 95% CI (1.1–1.7), P=.007], CKD stage 4 [HR=1.9, 95% CI (1.5–2.4), 

P<.001], and CKD stage 5 [HR=3.8, 95% CI (2.6–5.5), P<.001] remained associated with 
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increased risk of all-cause mortality. Other factors included baseline high grade proteinuria 

[HR=2.2, 95% CI (1.8–2.7), P<.001]; current smoker [HR=1.3, 95% CI (1.1–1.6), P=.02]; 

history of peripheral arterial disease [HR=1.5, 95% CI (1.2–1.8), P<.001]; history of 

diabetes mellitus [HR=1.3, 95% CI (1.1–1.6), P=.006]; history of carotid artery disease 

[HR=1.3, 95% CI (1.1–1.6), P=.001]; history of coronary arterial disease [HR=1.4, 95% CI 

(1.2–1.7), P<.001]; and treatment of bilateral renal artery stenosis [HR=1.3, 95% CI (1.0–

1.5), P=.02] (Table 3). Patients who were using statins at the time of renal artery stent 

placement [HR=0.71, 95% CI (0.57–0.87), P=0.001]; ACEi/ARB [HR=0.75, 95% CI (0.59–

0.96), P=0.02]. or calcium channel blockers [HR=0.77, 95% CI (0.61–0.98), P=.03] 

remained associated with a decreased risk of all-cause mortality. However, patients using 

insulin had associated increased risk of all-cause mortality [HR=1.3, 95% CI (1.06–1.61), 

P= 0.01].

In the multivariable analysis, diabetes mellitus [HR=1.4, 95% CI (1.1–1.7), P=.002]; high-

grade proteinuria [HR=1.8, 95% CI (1.4–2.2), P=.001]; history of carotid artery disease 

[HR=1.5, 95% CI (1.2–1.8), P<.001]; and higher CKD stage [stage 5 vs. 1-3A (HR 3.0, 95% 

CI (1.9–4.7), P<.001, stage 4 vs. 1-3A, HR 1.5, 95% CI (1.1–2.0), P=.004] remained 

independently associated with all-cause mortality. Statin use remained independently 

associated with all-cause mortality [HR=0.53, 95% CI (0.42–0.77), P< 0.001]. All univariate 

and multivariable results are listed in Table 3. Figure 2 is a Kaplan-Meier plot of all-cause 

mortality versus CKD stage.

 All-cause mortality or RRT

Table 1 displays a summary of how many patients progressed to RRT or died based on CKD 

stage. As can be seen, in low stage disease, patients are much more likely to die before they 

require RRT (145 deaths versus 5 requiring dialysis for the stage 1-3A group). The opposite 

was true in stage 5 patients where 24 required RRT compared to 16 deaths.

 Complications

The 30-day all-cause mortality was 1.2% (13 deaths out of 1052 patients). The 30-day 

progression to RRT was 2.6% (27 patients with RRT out of 1052). Fifteen patients required 

hemodialysis within the first 30-days with three patients in CKD stage 3B, seven in CKD 

stage 4, and five in CKD stage 5. No patients underwent renal transplantation within the 30-

days of the renal artery stent procedure.

 Discussion

These data represent the largest cohort of patients with atherosclerotic renal artery stenosis 

who have undergone renal artery stenting followed longitudinally for outcomes of all-cause 

mortality and progressing to RRT with the resources of the Social Security Death index and 

USRDS, respectively. The data provide the pre-procedural relative risk for several important 

predictors of progression to RRT and all-cause mortality in patients with RAS treated with 

stent placement and CKD defined as eGFR < 45mL/min/1.73m2. This includes baseline 

CKD stage, diabetes, high baseline proteinuria, and carotid artery disease. There are 

different rates of progression to RRT and all-cause mortality in patients with different 
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baseline CKD stage. In addition, certain medication usage can have a positive or negative 

impact on patients RAS and their progression to RRT and all-cause mortality. Statins 

decrease all-cause mortality in patients with stent placement for RAS and ACEi/ARB 

decrease progression to RRT. Quantitative estimates of post-procedural outcomes and which 

is likely to come first allow informed decisions regarding patient selection for 

revascularization and trial design.

Prospective, randomized controlled studies comparing renal artery intervention employing 

either angioplasty or stent placement have shown little benefit for renal artery stent 

placement when compared to medical therapy including ASTRAL (Angioplasty and 

Stenting for Renal Artery Lesions), STAR (Stent Placement in Patients with Atherosclerotic 

Renal artery stenosis), CORAL (Cardiovascular Outcomes in Renal Atherosclerotic 

Lesions), and others [7, 8, 11, 25, 26]. Several limitations of these studies have been noted 

including possible under powering of the trial, selection bias, and the fact that a significant 

number of patients assigned to stent group did not undergo stent placement [13]. 

Importantly, widely differing mortality rates and subsequent outcomes suggest substantial 

selection differences for these trials as compared to the patients undergoing clinical 

management at other centers. Patient results from the present study differ from these 

randomized trials with regard to baseline characteristics and in outcomes for progression to 

RRT and all-cause mortality. ASTRAL was a renal preservation trial and its cumulative risk 

for patients progressing to RRT was 39 patients in 335 who were stented (11.6%) compared 

to 10.6% in this study. In CORAL, the progression to RRT was 3.5%. The all-cause 

mortality rate was reported at 30.7% in ASTRAL, 13.7% in CORAL, and 24% in STAR. 

Taken together, patients from the present study had greater mortality risk than any of the 

previous RCTs, emphasizing widely varying mortality rates among series of patients being 

treated with atherosclerotic renal vascular disease. Patient demographics from this cohort 

indicate more severe baseline renal dysfunction than patients enrolled in the prospective 

randomized trials noted above.

Previous studies with atherosclerotic renovascular disease have reported 7-year all-cause 

mortality rates in patients with RAS ranging from 63 to 73% [27, 28]. Patients with a 

baseline serum creatinine of >2.5 mg/dL have increased all-cause mortality [29, 30]. Recent 

studies have demonstrated that patients with CKD with high levels of urinary protein 

excretion rates have increased all-cause mortality when compared to those with low levels of 

proteinuria [31–33]. Small studies also suggest that proteinuria in patients with RAS is 

associated with a worse outcome after RA stent placement [34–37]. This was confirmed in a 

twenty patient study that showed the presence of increased proteinuria was associated with 

worse outcomes in patients with concomitant RAS [38]. Evidence also indicates that patients 

with baseline proteinuria less than 1 gm/day do better than those with larger quantities of 

proteinuria [34]. A separate study report showed that recovery of sufficient GFR to 

discontinue dialysis could occur in patients on hemodialysis treated for RAS with a stent 

with baseline proteinuria of <300 mg/24hour when compared >300 mg/24hour [3]. In the 

present study, we extend these observations to patients with advanced baseline CKD stage in 

particular CKD stage 3B, 4, and 5 undergoing renal artery stent placement when compared 

to CKD stage 1/2/3A. Baseline high-grade proteinuria was independently associated with 

all-cause mortality and progression to RRT when analyzed using univariate and 

Misra et al. Page 7

J Vasc Interv Radiol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



multivariable analyses. As these data only examine patients who underwent renal artery stent 

placement, a definitive conclusion cannot be drawn as to whether patients with RAS, a 

higher CKD stage, and proteinuria may not benefit from stent placement. Further studies are 

needed to determine if all-cause mortality or progression to RRT is reduced with stent 

placement in patients with higher stage CKD and proteinuria with a treatable lesion as 

compared to patients without treatable lesions.

Recent CORAL trial results were presented which showed that patients with renal artery 

stenosis with a baseline urine albumin to creatinine ratio (UACR) < 22.5 mg/g with renal 

artery stenting were associated with significantly better event-free survival from the primary 

composite endpoint (73% vs. 59% at 5 years, P=.02), cardiovascular or renal death (93% vs. 

85%, P<.01), progressive renal insufficiency (91% vs. 77%, P=.03), and overall survival 

(89% vs. 76%, P<.01). The authors concluded that “these findings suggest that low urine 

albumin: creatinine ratios may indicate a potential large subgroup of those with renal artery 

stenosis that experience improved event-free and overall-survival after renal artery stent 

placement plus optimal medical therapy compared with optimal medical therapy alone." 

[39].

Diabetes mellitus influenced the outcome of interventions in RAS in all CKD stages and was 

an independent risk factor for all-cause mortality, but not for RRT. The current literature 

contains conflicting reports on the role and efficacy of stent placement for the therapy of 

RAS in-patient with diabetes mellitus. [38, 40, 41]. The findings in this study are consistent 

with those that were observed in ASTRAL and CORAL. Finally, Perkovi et al also showed 

that stent placement was associated with a worse outcome for death in patients with diabetes 

and RAS [38].

Importantly, this study identifies an effect of certain medications after renal 

revascularization. Statins decreased the risk of all-cause mortality and ACEi/ARB decreased 

the risk of progression to RRT. The use of dihydropyridine calcium channel blocking drugs 

was associated with higher risk of progression to RRT. These results emphasize that 

whenever possible, patients should be treated with ACE/ARB therapy and statins which is 

consistent with experimental data showing the effect of ARB being protective in animal 

models with renal artery stenosis [7, 8, 11, 25, 26].

There are several limitations of the study. This was a retrospective study and was not 

performed prospectively with defined follow-up. There was no control group identified for 

comparison. In addition, there was no specific standardization of the procedures and the 

stent placement of RAS was performed at the discretion of the performing interventionist. A 

small percentage of the patients in the present study did not have all data available, such as 

proteinuria and specific medications. Another confounder in the present study is that patients 

with diabetes also are prone to proteinuria. Finally, a recent study showed that the 

calculation of eGFR using MDRD formula compared to an iothalamate examination may 

not be as reliable in patients with RAS [42].

The present study highlights the importance of stratifying patients based on pre-

interventional comorbidities including KDOQI CKD stage and proteinuria for patient 
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selection when considering renal artery revascularization. Based on this analysis, patients 

with atherosclerotic RAS who undergo RA stenting who have high-grade proteinuria and 

CKD stage 3B, 4 or 5 have an increased risk of progression to RRT. Patients with highgrade 

proteinuria, CKD stage 3B, 4 or 5, carotid disease or diabetes have an increased risk for all-

cause mortality after renal artery stenting. ACEi/ARB use in this patient population has a 

decreased risk of progression to RRT and patients on statins have a decreased risk of all-

cause mortality.
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Figure 1. 
Kaplan-Meier estimates for time to renal replacement therapy (RRT) for different baseline 

CKD stages. There is a significant difference between each of the CKD stages (P<0.001).
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Figure 2. 
Kaplan-Meier estimates for freedom from death for different baseline CKD stages. There is 

a significant difference between CKD Stage 4 vs. CKD Stage 1/2/3A (P<.001) and CKD 

Stage 5 vs. CKD Stage 1/2/3A (P=0.004).
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