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Abstract

Renovascular disease (RVD) can lead to hypertension and chronic kidney disease (CKD). Patients
with advanced peripheral arterial disease (PAD) have a 5-year mortality of ~30%. Rate and causes
of death in patients with significant RVD, who share similar risk factors with PAD patients, are not
well defined. We assessed consecutive RVD patients who underwent renal artery stenting at our
institution over 6 years. Specific causes of death were ascertained and the probability of survival
was estimated. Cox models were fit to identify predictors of outcomes. We identified 281 RVD
patients who underwent renal stenting. Follow-up was available for all patients (median 5.1 years).
All-cause mortality was 24.2% at 5 years and 33.7% at 7 years (compounded annualized death
rate: 5.5%). Of the 68 deaths, 36 (52.9%) were cardiovascular (13.2% acute myocardial infarction,
13.2% stroke, 11.8% sudden death and 10.3% congestive heart failure); 32 (47.1%) deaths had
non-cardiovascular causes. In RVD patients undergoing stenting, cardiovascular events are the
most common causes of death. Compared with patients with advanced PAD, RVD may have a
lower 5-year mortality.
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INTRODUCTION

Renal artery atherosclerosis or renovascular disease (RVD) is a form of peripheral arterial
disease (PAD) that is associated with renal artery stenosis, hypertension, and chronic kidney
disease (CKD). In addition, atherosclerotic RVD is also recognized as an independent risk
factor for coronary artery disease (CAD) and portends considerably increased mortality vs
patients with CAD alone.[1-3]

Over the last several decades, the use of percutaneous renal artery interventions to treat RvD
and its clinical consequences has increased in frequency, although evidence to support the
efficacy of these interventions is lacking.[4—-6] Although a number of clinical trials and
patient registries of renal artery interventions have been published, the long term outcome of
these patients remains unclear. The overall mortality rates and causes of death among those
patients have not been well defined. Thus, we sought to define the long term outcomes and
determine the causes of overall and cardiovascular death in a population of RVD patients
who underwent renal artery stenting.

METHODS

Patient Population

The Institutional Review Boards of the University of Kentucky College of Medicine and the
Veterans Affairs Medical Center in Lexington, Kentucky, approved this study. The sample
consisted of all consecutive patients who underwent percutaneous treatment of RvVD
between 1/1/2006 and 12/31/2012. Using a chart review for procedural codes of renal
angioplasty and renal artery stenting, a total of 320 procedures in 290 patients were
identified. Nine patients were excluded due to: inability to locate records or confirm
procedure (n=7), intervention performed at an outside hospital (n=1), or intervention
performed on a transplanted kidney (n=1). The remaining 281 patients represented the study
cohort. Of those, 30 patients underwent multiple renal revascularization procedures
performed on separate dates. In these cases, only the data of the initial procedure was
included in the analysis. All patients were treated according to the standard catheterization
laboratory practice procedures in accordance with published guidelines.[7]

Outcomes

Personnel blinded to the study patient outcomes extracted pre-specified demographics and
catheterization data from our institutional medical records. Data included patient
demographics, medical comorbidities, baseline laboratory studies, medications at the time of
the intervention, and procedural details. Peri-procedural events that were collected included:
death, prolonged hospitalization, myocardial infarction, stroke or transient ischemic attack,
renal failure, urgent surgery, vascular complications and transfusion or other major bleeding
event. At the time of long term follow up, mortality status was determined via a search in the
social security death index and the date of search was recorded. For all individuals
experiencing mortality, death certificates, discharge summary, or autopsy data were used to
determine cause of death. Whenever available, hospital records were obtained to clarify
events leading up to death. Mortalities were classified according to the underlying cause of
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death. A cardiovascular death was determined if the patient suffered from an unexplained
sudden death suspected to be cardiac or if death occurred in the setting of: acute myocardial
infarction, refractory congestive heart failure, stroke, post-cardiovascular surgery, or vascular
related complication. Death was determined to be non-cardiovascular if the patient did not
fit the categories above or if death was documented to be due to progressive CKD or
infections such as chronic wound infections. If unable to substantiate a plausible diagnosis
related to death, it was categorized as undetermined. All events were adjudicated in
duplicate by two reviewers (EW, AAL) with 100% agreement.

Statistical Analysis

Dichotomous outcomes are summarized by numbers and percentages. Normally distributed
outcomes are presented as means + SD. Continuous outcomes that did not follow a normal
distribution are represented as medians with interquartile ranges. The proportion of survivors
was raised to the power of 1 over the median follow-up, and this number was then subtracted
from 1 to determine the compounded annualized death rate. The survival function (i.e.
probability of remaining alive in relation to follow-up duration) was estimated by the
Kaplan-Meier method (Sigmaplot 12.3). Associations between all-cause mortality and
individual patient factors were estimated and tested for significance with univariable Cox
proportional hazards models. Patient factors that were tested for potential associations with
future events were selected based upon previously documented associations with
cardiovascular events and included: age, gender, diabetes, hypertension, CKD, known CAD,
prior myocardial infarction, history of stroke, tobacco abuse, obesity (BMI > 30), and renal
stent size among others.[8] These potential cardiac risk factors were included in a
multivariable Cox proportional hazards model if they showed univariable associations with
p< 0.10, except that gender was automatically included in the multivariable model. Results
from Cox modeling were summarized by estimated hazard ratios (HR) with corresponding
95% confidence intervals (Cl). The univariable and multivariate Cox modeling was also
repeated for cardiovascular mortality. Due to many missing values on creatinine and
hemoglobin (202 and 179 valid observations, respectively), multiple imputations were
performed in conjunction with any Cox modeling involving one or both of these variables.
Apart from evaluation of univariable Cox modeling results to select covariates for
multivariable Cox models, a two sided p-value < 0.05 was considered significant. Version
9.3 of SAS software was used for Cox modeling.

RESULTS

Patient demographics are summarized in Table 1. Overall, cardiovascular risk factors were
highly prevalent. On average, patients were on 2.7 antihypertensive medications, with 25%
treated with = 4 medications. Uncontrolled hypertension was the indication for renovascular
intervention in 262 (93%) of patients, while impaired and/or worsening renal function was
the indication in the remaining 19 (7%). Baseline blood pressure (BP) measurements were
elevated on the day of the procedure with the mean systolic BP 158+28 mmHg and diastolic
BP 79+15 mmHag.
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Table 2 summarizes the procedural characteristics. In 63 patients (22.7%), both renal arteries
were revascularized at the time of the index procedure. For the initial vessel, there were high
rates of procedural success (99.7%) with the majority receiving stents (96.9%) while
treatment with balloon angioplasty alone was rare (3.1%).

Rates of procedural complications were low (vascular complications 2.1%, myocardial
infarction 0.7%, peri-procedural death 0.4%). There were no cases of new renal failure
requiring hemodialysis. At the time of discharge, the majority of patients were discharged
home on appropriate medical therapy: aspirin (90%), clopidogrel (74%), beta-blockers
(78%), angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (61%) and
statin therapy (68%).

Long term follow up was completed on 100% of the sample. Follow up extended to 7.4
years (median 5.1 years, Interquartile range 3.1, 6.2). During this time, there were 68
(24.2%) deaths. The compounded annualized rate of death was 5.5%. The probability of
survival following renal intervention was estimated by the Kaplan-Meier method at 75.8% at
5 years and 66.3% at 7.4 years (Figure 1). Cardiovascular causes accounted for 36 deaths
(52.9% of all deaths, 12.8% of the total sample), while the remaining 32 deaths (47.1%)
were non-cardiovascular. Specific causes of death were sudden cardiac death (11.8% of the
overall death rate), acute myocardial infarction (13.2%), refractory congestive heart failure
(10.3%) or stroke (13.2%). The remaining 3 cardiovascular deaths (4.4%) were related to a
recent coronary artery bypass surgery (n=1), progressive vascular disease (n=1), or unable to
classify based on limited data (n=1) (Figure 2). The non-cardiovascular deaths were mostly
due to infections (11.8%) or malignancy (8.8%). Of the 6 fatal malignancies, 4 were in the
lungs, 1 endometrial and 1 cervical. Only 5 deaths (7.4% of all deaths, 1.8% of the total
sample) were attributable to progressive CKD. The remaining 19.1% of the deaths were
secondary to progressive lung disease (2.9%), thromboembolic (2.9%), wound infections
(2.9%), liver disease (2.9%), pancreatitis (2.9%), gastrointestinal bleeding (1.5%), non-
vascular dementia (1.5%) and frailty (1.5%).

Results from univariable Cox models for all-cause and cardiovascular mortality are
displayed in Table 3 with estimated Hazard Ratios (HR). Variables associated with all-cause
and/or cardiovascular mortality (p<0.10) included: age, baseline hemoglobin and creatinine,
BMI, diabetes, heart failure, atrial fibrillation, prior stroke/transient ischemic attack,
coronary artery disease, and prior coronary artery bypass grafting. These variables were
included in multivariable Cox models examining all-cause and/or cardiovascular mortality
(results are summarized in Figure 3). Notably, age was the only significant multivariable
predictor of all-cause mortality. Significant associations with cardiovascular death involved
prior stroke (HR 2.52, Cl 1.11 - 5.72, p=0.03) and preexisting heart failure (HR 3.31, CI
1.46 — 7.52, p<0.01) with higher baseline hemoglobin levels being protective (HR 0.74, ClI
0.61 - 0.90, p<0.01). Body mass was also a significant multivariable predictor of
cardiovascular mortality (HR 1.08, CI 1.01 - 1.15, p=0.02).
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DISCUSSION

In this study, we report long-term outcomes in patients with primarily atherosclerotic RvD
who underwent percutaneous interventions for renal artery stenosis. This report represents
one of the longest follow up of RVD patients undergoing renal stenting (exceeding 7 years
with a median of 5 years) that provides detailed description of the specific causes of death in
this patient population. Similar to past studies involving PAD patients, our study
demonstrates the high prevalence of cardiovascular risk factors among patients with RvD
and confirms cardiovascular mortality as the most common cause of death. However, when
compared with historical data on PAD, patients with RVD undergoing intervention for renal
artery stenosis appear to have a lower mortality over multi-year follow up. Additionally, our
study demonstrates that CKD progression represents a very small fraction of the causes of
death in this patient population.

Although atherosclerosis is a systemic disorder, PAD is a heterogeneous term that
encompasses patients with disease in multiple vascular beds and who may not carry the
same prognosis.[9] For example, patients with advanced lower extremity PAD exhibit a poor
prognosis, with mortality rates as high as 30% at 5 years in some studies.[10, 11]
Contemporary best medical therapy and secondary prevention may improve prognosis of
such patients, though that is not clearly established. In this high-risk population,
cardiovascular events are the leading cause of death and high mortality rates are due to
shared cardiovascular disease risk factors and increased incidence of CAD. This has been
supported by studies demonstrating that concomitant CAD prevalence may be as high as
90% in PAD patients.[12] However, observational data have also shown that PAD is a risk
factor for mortality and adverse cardiovascular events, even after adjustment for CAD and
traditional cardiovascular comorbidities.[13] Previous studies examining the prognosis of
different vascular territories have suggested variable long term outcomes; however, these
studies have not included renal artery atherosclerosis. The results of this study indicate that
patients with atherosclerotic RVD undergoing percutaneous intervention exhibit a more
favorable prognosis than patients with advanced lower extremity PAD for example (5-year
mortality 24 vs30%, respectively). Despite the lower overall mortality rates, these rates are
still substantially higher than the rates for normal individuals > 65 years old (5-year
mortality 7-10%).[14] Similar to other PAD cohorts, however, our sample did experience
high rates of cardiovascular death (> 50% of all deaths).

As previously stated, this represents one of the longest follow-up reports for RVD patients
after renal stenting in a reasonably sized dataset. Moreover, our study included “real world’
patients providing valuable information for clinical decision making and offering widely
applicable results. In the ASTRAL trial, 403 patients underwent renal artery intervention,
but the median follow up was < 3 years.[5] In that study, the reported mortality reached
25.6%, which is similar to that reported in our study, albeit over a shorter period of time. In
particular, the compounded annualized death rate in patients undergoing renal intervention
was 10.2% in ASTRAL vs5.5% in this study. Detailed causes of death were not reported by
the ASTRAL investigators. In the more recently published CORAL trial, 459 patients
underwent renal artery stenting,[15] with a median follow up of 3.6 years, compared with
5.1 years in our study. The mortality rate in CORAL was 13.7% over the shorter follow up,
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resulting in a compounded annualized death rate of 4.0%, suggesting a more advanced
atherosclerotic disease state in the “real-world” patient cohort of this study. In the CORAL
study, and in our report, cardiovascular etiologies were the predominant causes of death
(65% of all deaths in CORAL and 53% in our study).

Well established risk factors for patient mortality such as age, CAD, diabetes, and body
mass were prevalent in our sample and associated with all-cause and cardiovascular
mortality in univariable analysis (Table 3). Increasing age remained a strong predictor of all-
cause mortality. With regard to cardiovascular mortality, age remained predictive, but other
predictors were history of preexisting congestive heart failure and prior stroke.

Our study exhibited low rates of death attributable to end-stage renal disease (7.4% of all
deaths, 1.8% of the total sample). Importantly, there is consistency in the low rate of death
attributed to renal causes among reports of renal artery stenting (0.4% of the stented patients
in CORAL and 1.8% in our report).[15] It is important to note that the indication for renal
stenting was uncontrolled hypertension, not impaired renal function, in the majority or all of
the patients in these studies. Deaths were considered CKD-related if patients had any
complications related to dialysis access, sudden cardiac death suspected to be electrolyte
related or death related to withdrawal of hemodialysis. The wide discrepancy between the
deaths attributable to cardiovascular and renal causes emphasizes the need for aggressive
primary and secondary prevention of traditional cardiovascular risk factors in this
population.[16]

Other findings merit further discussion. First, although women are generally
underrepresented in cardiovascular studies, they represented 40% of our sample. However,
although the hazard ratio estimates appeared to favor women, gender was not significantly
associated with cardiovascular mortality in either univariable or multivariable analysis.
Secondly, tobacco use, which is a well-established risk factor for mortality in other PAD
populations, was not significantly associated with either cardiovascular or overall mortality
in our sample. [17] Thirdly, malignancy represented approximately 9% of causes of deaths,
of which lung cancer represented the majority of cases. This has previously been reported
with other subsets of atherosclerotic patients.[18]

Although we examined a consecutive group of patients followed for an extended period of
time and with 100% follow up data, there are several limitations to our study. First, the
sample size may have limited the statistical power to detect associations of modest strength.
Secondly, similar to most studies on RVD, only patients undergoing renal revascularization
were included, not all patients with renovascular disease. Thus, our results are not
generalizable to patients with milder degrees or medically treated RVD (such as those in
whom revascularization was not attempted due to total occlusion and/or renal cortical
atrophy). In a recent observational study comparing two groups of patients with clinically
significant renal artery stenosis, not surprisingly, there were significant differences in
baseline characteristics between those allocated to medical therapy vsthose undergoing
renal artery revascularization. That study demonstrated significant reductions in mortality
and morbidity in those undergoing renal artery intervention compared with medical therapy.
[19] Thirdly, formal left ventricular (LV) functional assessment and the presence or absence
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of LV hypertrophy was not assessed, although both predict cardiovascular mortality. Fourth,
the medications listed at the time of the procedure do not accurately correspond to
subsequent compliance with key medications that may have affect cardiovascular mortality,
namely statins and antiplatelet therapy. Lastly, although death certificates were examined in
all cases, events leading up to death cannot be fully discerned or accurately classified. To
mitigate this limitation, we were able to obtain all discharge summaries and completed a
thorough review of hospitalization records when available in the 74% of deaths when the
patients expired in a medical facility.

CONCLUSIONS

In patients with RVD undergoing percutaneous intervention, long term follow up reveals that
cardiovascular events are the most common cause of death, with low rates attributable to
progressive CKD. Overall, such patients seem to exhibit favorable mid- to long-term
prognosis compared with other PAD patients. Age was the strongest predictor of overall
mortality, while preexisting congestive heart failure and stroke exhibited the greatest
influence on cardiovascular mortality.
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Figure 1.
Estimate of survival following renal artery intervention by the Kaplan-Meier method.
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Cardiovascular 52.9%

Acute MI 13.2%
Stroke/CVA 13.2%

Sudden Cardiac Death 11.8%
Heart Failure 10.3% .
Other Cardiovascular 4.4% N ~ Malignancy 8.8%

Infectious 11.8 %

Figure 2.
Cause of death. The majority of deaths were attributable to a cardiovascular etiologies, with

each specific event type listed. Few non-cardiovascular deaths were attributable to CKD.
CAD: coronary artery disease, CHF: congestive heart failure, CM: Cardiomyopathy, TIA:
Transient ischemic attack.
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Forrest plots of the multivariable Cox models for all-cause (left) and cardiovascular
mortality (right). The estimated hazard ratios (HR) and 95% confidence intervals (CI) of the
included variables are shown. Hemoglobin and creatinine levels included were those
obtained at the time of the stenting procedure.

BMI; Body mass index, CABG; Coronary artery bypass grafting,
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Table 1

Baseline Demographics and Clinical Characteristics

Mean + SD, or number (%)

Age in years 66.1+12.6
Male 169 (60.4)
Hypertension 274 (97.5)
Hyperlipidemia 194 (69.5)
Diabetes 106 (37.7)
Congestive Heart Failure 39 (13.9)
Any Tobacco Use 142 (52.0)
Current Tobacco Use 84 (30.8)
Prior Myocardial Infarction 37(13.2)
Prior Coronary Artery Bypass Grafting 59 (21.0)
Prior CVA/TIA 42 (14.9)
End-Stage Renal Disease 33 (11.7)
BMI 279+6
Obesity (BMI > 30) 89 (32.5)
Medications:

Aspirin 165 (64.0)
Clopidogrel or other P2Y 1, inhibitors 76 (29.5)
Statin 162 (62.5)
Beta-Blocker 194 (74.9)
Calcium Channel Blocker 136 (52.7)
ACE-I/ARB 154 (59.7)
Diuretic 133 (51.4)
Average Number of Antihypertensive Agents | 2.7 +1.2
Treatment with =4 Antihypertensive Agents 64 (25.0)
Baseline Measurements:

Systolic Blood Pressure (mmHg) 158 + 28
Diastolic Blood Pressure (mmHg) 79+15
Mean Arterial Pressure (mmHg) 106 + 16
LDL-cholesterol (mg/dL) 98 + 39
HDL-cholesterol (mg/dL) 39+13
Creatinine (mg/dL) 1.55+0.91

Page 12

ACE-I; Angiotensin converting enzyme inhibitor, ARB; Angiotensin receptor blocker, BMI; Body Mass index, CVA; Cerebrovascular accident,

HDL; High density lipoprotein, LDL; Low density lipoprotein, TIA; transient ischemic attack.
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Table 2

Angiographic and Procedural Characteristics

Lesion Characteristics Mean + SD, Number (%)
Right * 104 (37.5)

Left 102 (36.8)

Bilateral 63 (22.7)

Lesions treated per Patient 12+05

Lesion #1 (n=281)

Right 145 (53.7)
Proximal 206 (92.0)
Mid 12 (5.5)
Distal ™ 4(L8)
Mean % Stenosis 7716

Resting Gradient (mmHg) | 54 +31

In-stent Restenosis 8 (4.1)

Heavy Calcification 34 (17.3)

Procedural Success Rate 280 (99.7)
Lesion #2 (n= 63)

Right 27 (38.0)
Proximal 51(92.7)
Mid 3(5.6)
Distal ** 0(0)
Mean % Pre-Stenosis 76+ 16

Resting Gradient (mmHg) | 48 £ 29

In-stent Restenosis 2(3.5)

Heavy Calcification 9 (15.8)

Procedural Success Rate 63 (100)

Lesion 1 displays the lesion specifics for the first vessel, while lesion 2 is represents the lesion characteristics for those receiving intervention to the
contralateral renal artery immediately following successful treatment of the first vessel.

*
The lesion side was not reported in 2.8% of cases.

Hk
Distal locations are not typical for atherosclerotic lesions and probably represented fibromuscular dysplasia.
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Table 3

Univariable Predictors of All-cause and Cardiovascular Mortality *

Age

Gender

Height

Body Mass Index

Any tobacco history

Current tobacco

Obesity (BMI > 30)
Hyperlipidemia

Hypertension

Diabetes

Congestive Heart Failure
Cardiomyopathy

Chronic Obstructive Pulmonary Disease
Prior Stroke/Transient Ischemic Attack
Atrial Fibrillation

Coronary Artery Disease
End-Stage Renal Disease

Prior Myocardial Infarction

Prior Coronary Artery Bypass
Known Peripheral Vascular Disease
Baseline Hemoglobin

Baseline Creatinine

All-cause Death

1.04 (1.02-1.06, p<0.001)
1.50 (0.90 — 2.50, p=0.12)
1.00 (0.98 — 1.03, p=0.92)
1.04 (1.00 - 1.09, p=0.03)
0.78 (0.49 — 1.28, p=0.34)
0.66 (0.37 — 1.19, p=0.17)
1.35 (0.82 — 2.22, p=0.24)
0.89 (0.53 — 1.48, p=0.65)
0.42 (0.13 - 1.33, p=0.14)
1.88 (1.17 - 3.03, p<0.01)
2.61 (1.54 — 4.44, p<0.001)
2.20 (0.80 — 6.05, p=0.13)
1.07 (0.56 — 2.04, p=0.84)
1.56 (0.85 — 2.86, p=0.15)
5.39 (2.31 - 12.61, p<0.001)
2.01 (1.19 - 3.39, p<0.01)
1.49 (0.78 - 2.84, p=0.23)
1.39 (0.74 - 2.60, p=0.30)
1.44 (0.85 — 2.44, p=0.18)
1.07 (0.56 — 2.04, p=0.85)
0.81 (0.71 - 0.92, p<0.001)
1.29 (1.04 - 1.59, p=0.02)

Cardiovascular Death
1.03 (1.00 - 1.06, p = 0.02)
1.60 (0.79 - 3.26, p=0.19)
0.98 (0.95 — 1.02, p=0.29)
1.07 (1.02 - 1.12, p=0.01)
1.00 (0.52 — 1.92, p=1.0)
0.70 (0.32 — 1.54, p=0.38)
1.38 (0.71 - 2.70, p=0.34)
0.95 (0.47 — 1.92, p=0.88)
0.33 (0.08 — 1.37, p=0.13)
1.87 (0.97 - 3.60, p=0.06)
5.37 (2.78 — 10.36, p<0.001)
3.14 (0.96 —10.24, p=0.05)
1.12 (0.47 - 2.70, p=0.80)
2.20 (1.04 — 4.68, p=0.04)
6.63 (2.31 — 19.00, p<0.001)
2.47 (1.16 - 5.26, p=0.02)
0.98 (0.35 - 2.77, p=0.97)
1.79 (0.81 - 3.92, p=0.15)
1.84 (0.92 - 3.67, p=0.09)
1.47 (0.70 - 3.06, p=0.31)
0.73 (0.61 — 0.88, p<0.001)
1.23 (0.91 - 1.68, p=0.42)

*
Shown are estimated Hazard Ratios (HR) and associated 95% Confidence intervals (ClI).
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