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Introduction

While neither the large randomized controlled trials [1,2] 
nor subsequent subgroup analysis [3] have shown any benefit 
with respect to renal function or blood pressure for Percuta-
neous Transluminal Angioplasty (PTA) over medical therapy in 
patients with RAS, PTA continues to be advocated by guidelines 

and authors [4]. Justification for this procedure is occasionally 
made that although benefit may be difficult to demonstrate 
statistically, the incidence of major complications are low (8.4% 
- 10%) particularly those permanent (5.8%) [5,6]. Bleeding, ar-
tery rupture and acute renal failure are the major problems 
reported. The focus has therefore been upon the acute post 
procedural complications; however, we know long term com-
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plications might result from the inflammation and cytokines 
are stimulated by endovascular foreign bodies [7]. That cyto-
kine release and inflammation is now known to increase the 
expression of endothelial linked adhesion molecules which be-
come a major contributing factor to many vascular events [8,9]. 
Therefore the presence of an endovascular stent may actually 
induce the vascular disease it is attempting to treat. Since most 
endovascular stents are placed in patients with known severe 
cardiovascular and peripheral vascular disease, it would be dif-
ficult to discern which vascular complications have come from 
the inflammation produced by the stents versus the known un-
derlying severe cardiovascular disease. Does the inflammation 
contribute to injury beyond the local vessel? Renal artery stents 
placed for isolated RAS in patients that eventually went to dialy-
sis, however may be a good placed to test the hypothesis that 
the stent may indeed be harmful years after being placed for 
RAS since the patient is already in renal failure and renal artery 
thrombosis and loss of renal function is not an issue. Like other 
stents, renal artery stents are known to induce an inflammatory 
response and cytokine production that may be associated with 
the production of vascular disease. Is that vascular disease lo-
calized merely to the vessel with the stent or will it place other 
vascular beds at risk? In addition, since the ESRD population is 
particularly prone to vascular inflammatory mediators [10,11], 
it may be a unique population to test the hypothesis that the in-
flammation induced by the stent was associated with increased 
mortality from disease in distant vascular beds. We therefore 
compared patients who became ESRD who had previously had 
a renal artery stent with those who had none.

Material and methods

This was a prospective observational study of matched pair 
design conducted from January 1, 2007 through October 1, 
2017. All patients whom had a renal artery stent for an observed 
RAS and prior to initiation of chronic maintenance hemodialysis 
were paired upon entry to this observational study with other 
patients initiating dialysis and matched for the demographics 
of race, sex, and age as well as risk factors for vascular disease 
such as: Diabetes, hypertension, chronic inflammatory disease, 
smoking, hyperlipidemia, use of a statin, use of a proton pump 
inhibiter (because it can inhibit endothelial nitric oxide) [11], 
Kt/V, serum albumin, serum hemoglobin, family history of vas-
cular disease or prior known coronary, cerebrovascular or pe-
ripheral vascular disease other than the RAS. No patients with 
angioplasty without a stent were included. All patients who had 
renal artery stents placed had informed consent to do so. Since 
we have recently shown that cytokine stimulation has vascu-
lar affects in patients who start hemodialysis with an indwell-
ing intravascular catheter [12,13], we also included that as an 
addition variable for vascular disease. Baseline characteristics 
of both groups are listed in Table 1. Since it was impossible to 
completely match an unstented control group without RAS to 
the stent group as a result there was a bias against the unstent-
ed control group without renal artery stenosis. Therefore those 
with no stents tended to have more vascular risk factors and 
had several risk factors skewed against that group. Specifically 
the patients with no stents were more likely to be smokers (P = 
0.003) with a chronic inflammatory disease, (e.g. collagen vas-
cular disease, chronic arthritis) (P = 0.008089) who had a family 
history of vascular disease (P = 0.02) who started dialysis with 

an indwelling vascular dialysis catheter (P = 0.018636P, but oth-
erwise there were no significant differences at the initiation of 
dialysis (Table 1).

In Compliance with Ethical Standards: As the work was pure-
ly observational by the physicians following the patients after 
renal failure began and no treatment intervention was either 
given or withheld by the observers, no other approval was nec-
essary.

Both groups were evaluated by Chi Square and Kolmogorov-
Smirnov for normality while ANOV, Pearson Correlation and Cox 
Proportional Hazards Model were employed to discern signifi-
cant differences in the need for coronary, and peripheral vascu-
lar disease intervention as well as survival.

Results

During the study period, 14 patients started chronic mainte-
nance hemodialysis who had previously placed stents and were 
matched with 14 other patients matched for the above charac-
teristics but without a renal stent. Of the fourteen patients with 
stents 12 were bare metal (Medtronic Driver, Cordis Palmaz 
Blue, Boston Scientific Express) placed a mean of 66.4 months 
prior to starting dialysis and only two drug eluting (Taxus Lib-
erte, Boston Scientific) placed an average of 92.5 months prior 
to starting dialysis. Despite all of those variables which should 
have predisposed the unstented control group without RAS 
to unfavorable outcomes, in contrast at the conclusion of the 
study, those with renal artery stents had more vascular disease 
(P = 0.002818), and myocardial infarctions (P = .000394) (Table 
2), and worse mean survival (42.393 vs 114.730 months) (Table 
3, Figure 1). While a history of peripheral vascular disease prior 
to initiating hemodialysis (P = 0.002), diabetes (P = 0.025), a his-
tory of coronary artery disease prior to initiating hemodialysis 
(P = 0.034), and the presence of an indwelling vascular hemo-
dialysis catheter at the initiation of dialysis (P = 0.034) were all 
significant factors in mortality in the Cox proportional Hazards 
Analysis; the presence of a previous renal artery stent was the 
most significant risk factor (P = 0.000) (Table 4). Both groups 
maintained adequate clearance with an equilibrated Kt/V of 1.5 
(NS).

Discussion

Since the CORAL and ASTRAL studies, the benefit of stents 
for renal arteries continues to be questioned as the NITER study 
was not able to show a significant benefit for renal artery stents 
compared with medical treatment [14] while the ORBITA study 
[15] has even cast doubt on benefit for coronary arteries; nev-
ertheless, it has always been assumed that they are harmless 
once past the procedural risk of insertion. Our data casts doubt 
on that assumption and renal artery stents now may need to 
be included with indwelling catheters and PTFE as sources of 
chronic inflammation [16] which may cause vascular harm tem-
porally and spatially remote to a foreign body residing in our 
renovascular vascular bed. Unlike CORAL and ASTRAL, our study 
population consisted entirely of dialysis patients in whom the 
known vascular inflammation of renal failure might be accentu-
ated and therefore produce a much clearer delineation of the 
effects of the stents. Since the unstented control group with-
out RAS had significantly more variables at the beginning of the 
study that would are associated with increased risk of vascular 
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Figure 1: Kaplan-Meier Survival curve showing patients with an indwelling stent at the initiation of dialysis 
had significantly worse mean survival (42.393 vs 114.730 months). While there were too few drug eluting 
stents for a statistical comparison, drug eluting stents held no advantage in survival and tensed to actually 
have a lower mean survival.

Table 1: Baseline characteristics of the groups studied.

Stents No Stent Significance
Median Age ± SD 71 ± 6.6 71.5 ± 9.4 NS
Sex (FEMALE/MALE) 8/6 8/6 NS
Race (% WHITE) 21 14 NS
Diabetics 11 14 NS
Hypertension 14 14 NS
Chronic Inflammatory Disorder 1 6 P = 0.011
Hyperlipidemia 9 10 NS
Median HDL (MG/DL) +/- SD 37 ± 16.2 36 ± 15.6 NS
Median LDL (MG/DL) +/- SD 73 ± 32.2 70 ± 37.7 NS
Statin 10 10 NS
Proton Pump Inhibiter 10 10 NS
Smoking History 1 8 P = 0.003
Family History Of Vascular Disease 3 8 P = 0.021
Prior Peripheral Or Cerebrovascular 
Disease 2 3 NS

Prior Cardioovascular Disease 4 5 NS
Spkt/V 1.51 ± 0.01 1.50 ± 0.02 NS
Median Hemoglobin (G/Dl) (+/- SD) 10.5 10.6 NS
Median Serum Albumin (G/Dl) (+/- SD) 3.45 3.34 NS
Intravascular Dialysis Catheter 7 12 P = 0.045

Before starting hemodialysis, the stent group had fewer risk factors than the unstented control group without renal 
artery stenosis prior to starting hemodialysis.
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Table 2: Vascular events in the groups at conclusion.

Stents No Stent Significance

Post Stent Peripheral Or Cerebrovascular Disease 
Events (No. of events) 2.28 0.28 P = 0.002828

Post Cardiovascular Disease Events (No. Of Events) 2.5 0.14 P=.0003

Mean Survival (Months) 29 73 P=0.014

Ekt/V 1.5 1.5 NS

After starting hemodialysis, significantly more vascular events developed in the stent group despite a greater 
number of risk factors in the unstented control group without renal artery stenosis prior to starting hemo-
dialysis. 

Table 3: Means and medians for survival time of all patients.

Group

Meana Median

Estimate Std. Error
95% Confidence Interval

Estimate Std. Error
95% Confidence Interval

Lower Bound Upper Bound Lower Bound Upper Bound

Stents 42.393 10.449 21.913 62.873 35.000 24.655 .000 83.323

No Stents 114.730 20.808 73.945 155.514 114.000 11.998 90.483 137.517

Overall 83.035 14.421 54.769 111.301 78.000 18.924 40.908 115.092

a. Estimation is limited to the largest survival time if it is censored.
Survival times were significantly shorter in patients who started dialysis with a renal artery stent, despite the fact that they began dialysis with 
fewer risk factors than their pair-matched unstented control group without renal artery stenosis. Even if the survival rates of unstented control 
group without renal artery stenosis were by chance too high, when compared to the overall survival rates of our all 546 patients over the last 5 
years median survival was 100.2 months which was not significantly different from unstented control group without renal artery stenosis but was 
clearly different from those with stents.

Table 3: Cox Proportional Hazards Analysisb

B SE Wald df Sig. Exp(B)

Presence of Stent 6.660 1.902 12.265 1 .000 .001

Age .094 .059 2.550 1 .110 1.099

Sex 1.670 1.109 2.269 1 .132 5.311

Diabetes 3.546 1.563 5.148 1 .023 34.680

Hypertensiona

Chronic Inflammatory Disorder 2.961 1.640 3.258 1 .071 19.315

Lipids .051 1.508 .001 1 .973 1.052

Statin -1.565 1.480 1.117 1 .291 .209

Smoking 1.010 1.195 .714 1 .398 2.746

FH .213 1.147 .034 1 .853 1.237

Prior PVD 3.376 1.093 9.539 1 .002 29.244

Prior CAD 2.017 .952 4.483 1 .034 7.513

Perm CATH 1.794 .861 4.338 1 .037 6.014

a. Degree of freedom reduced because of constant or linearly dependent covariates

b. Since all patients had hypertension it became a Constant or Linearly Dependent Covariates HYPERTENSION = 1
While a history of peripheral vascular disease prior to initiating hemodialysis (p = 0.002), diabetes, a history of coronary 
artery disease prior to initiating hemodialysis, and the presence of an indwelling vascular hemodialysis catheter at the 
initiation of dialysis were all significant factors in mortality; the presence of a previous renal artery stent was the most 
significant risk factor.

disease, one would have expected that the unstented control 
group without RAS should have developed more vascular dis-
ease and had a higher mortality; nevertheless, the presence of 
vascular disease developed only in patients with stents which 
was associated with a significantly reduced survival in those 
with stents. The significance of this data cannot be understated. 

Inflammation is now considered central to the pathogenesis 
of cardiovascular disease [17] and elevated markers of inflam-
mation such as Tumor Necrosis Factor (TNF), and interleukins 
1 (IL-1) and 6 (IL-6) have been found to be predictive of future 

cardiovascular events [18]. While more recently there has been 
investigation of the role of Danger Associated Molecular Pat-
terns in the pathogenesis of these events [19], the inflamma-
some with cytokine activation which continues in a central role 
[18] has long been known to ablate the vascular glycocalyx of 
heparan sulfate, exposing Endothelial Linked Adhesion Mol-
ecules (ELAM) which attract platelet aggregation [20]. Although 
hemodialysis is known to reduce IL-8 [21], stents are known 
to increase CRP, TNF, IL-6, and Il-8 [22], whether the stents are 
bare metal or drug eluting [23]. Therefore stents appear to ac-
tivate systemic inflammation [24,25] and therefore have a ten-
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dency to exacerbate the inflammatory conditions [26] already 
known to occur in the vasculature in renal failure [27]. Given 
that the prevalence of peripheral vascular disease in patients on 
dialysis is 34 percent [28] and that cardiovascular disease is 69.6 
percent among persons ages 66 and older who have chronic re-
nal disease, compared to 34.7 percent among those who do not 
[29], the presence a stent in the renal arteries may be less than 
unhelpful. Our data would suggest that those patients with re-
nal artery stents who develop end stage renal disease and re-
quire dialysis develop more significant vascular disease, even if 
they have fewer traditional risk factors at the onset of dialysis. 

Some potential limitations to our study would include the 
smaller size and effect of hemodialysis. The effect of size we 
would suggest is somewhat mitigated by the matched pair 
design. Some have previously suggested that RAS is a potent 
marker for patients who will eventually develop severe disease 
and consequently would eventually suffer worse outcomes. 
Therefore concluding that the stent itself caused the worse 
outcomes would be analogous to blaming insulin for the higher 
amputation rate for patients with insulin-dependent diabetes. 
We do not think the medical literature supports that viewpoint 
any longer. More recent studies performed after ASTRAL have 
suggested a lack of association of RAS with increased mortal-
ity [30]. Similarly RAS in patients undergoing coronary artery 
bypass grafting without the use of stents are also not associ-
ated with increased mortality [31], while stenting still results 
in higher mortality and vascular disease [32]. Nevertheless, 
previous works prior to ASTRAL when renal artery stenting was 
more common suggested that RAS is associated with increased 
mortality but that increased mortality is usually associated with 
increased traditional risk factors in patients with age, diabetes 
[33,34], smoking [33], and existing vascular disease [33,34]. 
existing cardiac disease [32-34], hypertension [33-35] and re-
nal function, [33-35] particularly after angioplasty and stent-
ing [34-37]. The increased mortality with stenting in RAS was 
then determined not to be related to acute complications and 
post-operative mortality but was indeed much more of a long 
term problem [35]. Additionally in a study of 51 patients with 
RAS who were left unstented six eventually went to dialysis and 
were associated with excessive mortality [38]. Unfortunately 
since RAS is associated with increased progression to renal fail-
ure no one has ever been able to control for that variable. In 
contrast to that data, our study controlled for all known tradi-
tional risk factors (Table 1) and in fact placed higher amounts of 
known vascular disease in the unstented group; but in addition 
we controlled for renal function. Renal failure alone predispos-
es patients to vascular disease [28], through intense inflamma-
tion which is not affected by the modality of dialysis [38]. There-
fore it should be expected that those patients who went to end 
stage renal disease should have a higher incidence of vascular 
disease and mortality as was found in the work of Baboolal [39]. 
That is why our study is so unique since we only look at vascu-
lar disease and mortality under the same clinical situation of 
end stage renal disease in both stented and unstented patients 
without stenosis on dialysis where the influence of the inflam-
matory effect of renal failure is present equally in both groups, 
while the unstented patients are given the higher number of 
traditional risk factors (Table 1). Despite fewer traditional risk 
factors, the stented group developed more cerebrovascular, 
cardiovascular and peripheral vascular events which resulted 
in a much higher mortality rate. Therefore our study is consis-
tent with current literature which suggests that the stent itself 
rather than the renovascular disease seems to herald increased 

cardiovascular morbidity and mortality.

It should be noted that soluble thrombomodulin, osteopon-
tin and soluble tumor necrosis factor receptor-2 are linked to 
vascular inflammation and remodeling while endothelial lipase 
activity may control high density lipoproteins( HDL) [40] that 
can ameliorate inflammation [41]; however, we have no data 
on those biomarkers. Nonetheless there were no differences in 
HDL levels between the unstented control group without RAS 
and the patients with stents (Table 1). On the other hand, he-
modialysis reduces cytokine concentrations and patients who 
undergo long nocturnal quotidian dialysis were shown to have 
greater improved concentration levels of cytokines [42]; how-
ever, all of our patients underwent traditional thrice weekly he-
modialysis with an identical mean Kt/V. Whether long nocturnal 
quotidian hemodialysis could mitigate the inimical effects of the 
indwelling stents through decreased inflammation or perhaps 
even other mechanisms [43] could be an area for future re-
search. Also, we hope our study urges future research in renal 
artery stents’ harmful long-term effects in patient populations 
other than end stage renal disease.

Conclusion

Despite the previous assumption that renal artery stents do 
not cause long-term complications, it appears that they might 
cause longer-term vascular harm and be a significant risk factor 
for mortality in patients with end stage renal disease on chronic 
maintenance hemodialysis. While this study would not have 
been possible to perform with coronary stents since the vascu-
lar disease would have already involved a vital organ, we could 
do this study on renal artery stents since dialysis would serve 
excretory functions to allow our surveillance of the progres-
sion of atherosclerosis. In the dialysis patients, vascular disease 
progressed much faster in the stented patients despite having a 
lower burden of disease and risk factors at the onset. Unfortu-
nately, our data is merely preliminary and only a truly random-
ized controlled study with full measurements of the involved 
cytokines will answer this question. Since the answer would po-
tentially involve a major change in the way we view the treat-
ment of vascular disease, we hope that this initial study will be 
the impetus for such a future endeavor.
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