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SUMMARY

Background
The current increase in the diagnosis of atherosclerotic renovascular disease (ARD) 
befalls from the progressive recognition of its clinical impact. The role of percutaneous 
renal angioplasty as an alternative treatment has motivated, and continuous doing it, 
mainfold clinical trials.

Objective
To analyze a population submitted to  percutaneous renal angioplasty and assess the 
safety of the procedure and the long-term clinical response.

Material and Methods
There were retrospectively and consecutively included 100 patients treated 
percutaneously. It was carried out a follow up by telephone calls or visits (median 1.7 
years, interquartile range 25-75, 1.2 to 2.7 years) during which clinical and laboratory 
data was collected.

Results
A total of 100 patients were analyzed, mostly male (72%), mean age of 67.3 ± 9.9 
years, with multiple cardiovascular risk factors (HBP 95%, DLP 74%, tobaccoism 63%, 
DM 28%) and extensive atherosclerotic vascular involvement (coronary disease 56%, 
peripheral vascular disease 39%). Stent angioplasty was carried out in 98% of cases, 22% 
bilaterally, with a success rate of 99%. It was observed a significant decrease in systolic 
blood pressure (SBP) at long-term follow-up (preprocedural SBT 139.7 ± 24.2mm Hg - 
postprocedural SBT 129.7 ± 13.9mm Hg, P <0.05), as well as a reduction in the number 
of indicated drugs (2.8 ± 1.03 - 1.7 ± 0.9, p = 0.02). These beneficial results were even 
higher in patients with bilateral involvement. Regarding renal function, 49% of patients 
showed sustained improvement (creatinine clearance: 53.6 ± 18.4 ml / min basal versus. 
60.8 ± 19.5 ml / min at follow up, P = 0.011), whereas 20.4% showed a significant 
impairment in glomerular filtration. The improvement in glomerular filtration was 
more common in patients with advanced chronic impairment . (70.5% stages ≥III versus 
13.5% stages  0-II; p=0.01) and with bilateral renal angioplasty (creatinine clearance: 
52.8 ± 25.3 ml / min basal versus 66.1 ± 15.1 ml / min at follow-up; p = 0.032). In 
multivariate analysis, renal disease degree ≥III (OR29.6, CI95% 8.3 -105.8; p >0.001) 
and male sex (OR 16.2, CI 95% 4.3-105. 8: P> 0.001) were independent predictors of 
improvement in glomerular filtration rate at follow up.

Conclusions
Percutaneous treatment of renovascular disease is an additional therapeutic option 
of high security and good long-term outcomes in high-risk patients. Likewise it 
highlights the benefit of the TRA in patients with significant basal renal impairment, 
despite a late revascularization.
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RESULTS

Population and procedural characteristics
Of a total of  100 patients studied, most of them were 
male (n = 72). The mean age of the population was 
67.3 ± 9.9 years. Many of the patients had multiple 
cardiovascular risk factors (95% HBP, 74% DLP, 63% 
Tobaccoism, 28% DM) and extensive atherosclerotic 
vascular compromise (56% coronary disease, 39% 
peripheral vascular disease). The clinical presentation 
of patients has been mixed, mostly secondary to (43%) 
refractory HBP, (30%) new impariment of renal function 
without other objective cause and 3% with repeated 
episodes of heart failure. 8% of patients required 
hospitalization in the context of unstable conditions (5 
patients due to hypertensive crisis, 3 patients because 
of episode of heart failure).

The remaining population was asymptomatic. It 
highlights the presence of two patients with single 
functioning kidney and 11% had reduced renal size (less 
than 8cm) in relation to the contralateral in association 
with significant renal artery stenosis.

It was obtained a 99% of success in the procedure. 
Stent angioplasty was carried out in 98% of cases, of 
which 62% it was introduced directly. In 22% bilateral 
renal angioplasty was carried out (Table 1).

During the procedure three dissections were found 
to implant the stent over the renal artery at the distal 
edge, in one of them it was required the placement of 
a new stent due to an alteration of distal flow. During 
hospitalization, there were not greater cardiovascular 
events associated with the procedure. 11.4% of 
the treated patients underwent with acute renal 
impairment, without the need of hemodialysis. This 
impairment occurred more frequently in patients with 
chronic renal failure (28.6% versus 8.1%, p = 0.049). 
The median follow-up was 1.7 years (25-75, 1.2 to 2.7 
years interquartile range)

Blood pressure outcome
43% of the studied patients  were derived to the 
hemodynamic service with a diagnosis of refractory 
HBP, in 13% of them associated with acute concomitant 

MATERIAL AND METHODS

From January 1999 to October 2007, the database of 
Interventionist Cardiology Service they were retrospectively 
reviewed, consecutive carrying patients of unilateral or 
bilateral renal artery stenosis who were submitted to a renal 
angioplasty. Treated patients showed a severe injury that 
compromised lumen in ≥70% unilaterally or bilaterally and/
or a gradient of  translesional systolic pressure ≥20mm Hg. 
All patients were routinely medicated with aspirin 100 mg 
/ day and clopidogrel 75 mg / day or ticlopidine, in addition 
to their antihypertensive treatment and cardiovascular 
prevention. Immediately prior to the beginning of the 
intervention it was administered intraarterially 100 IU / kg 
heparin.

All had a follow up by visits and / or telephone calls, 
in which clinical (blood pressure, current treatment, new 
admissions) and laboratory (renal function) information 
were collected.

HBP was defined and evaluated according to the latest 
guidelines published by the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC). (15) After the procedure it was 
carried out a follow up of the numbers of blood pressure 
and renal function. The impact of revascularization on HBT 
was classified as cured, improved or failed. (16) The renal 
function was assessed by creatinine (mg / dl) and glomerular 
filtration rate calculated with the modified equation of diet 
in renal disease by the National Kidney Foundation. (17) 
Chronic kidney failure was defined as the impairment of 
renal function for three months or more and it was classified 
according to the National Kidney Foundation in its five 
stages (stage 1: Kidney damage with normal or increased 
renal filtration (> 90 ml / min) , Stage 2: Kidney damage 
with mild impairment (60-89 ml / min), stage 3: Glomerular 
filtration 30-59 ml / min), stage 4: 15-29 ml / min, stage 5: 
<15 ml / min or dialysis). (18) It was defined as improvement 
in secondary renal function to revascularization to an 

BACKGROUND

The current increase in the diagnosis of atherosclerotic 
renovascular disease (ARD) befalls from the growing 
recognition of its clinical impact. Epidemiological 
studies inform the progressive nature of this entity and 
consider that ARD affects 6.5% of the population older 
than 65 years. (1-3) This prevalence has tripled in the 
context of disease in other vascular territories. (4, 5)

The goal of the treatment is to control its clinical 
manifestations such as refractory hypertension (HT), 
impaired renal function and episodes of pulmonary 
edema. (6-8) These manifestations, as well as ARD 
per se, are associated with an increased cardiovascular 
morbidity.(7, 9, 10)

The role of percutaneous renal angioplasty as an 
alternative treatment has motivated, and continuous 
doing it, mainfold clinical trials. In spite of the fact 
that there are guidelines and recommendations, there 
is still uncertainty about the safety and the expected 
clinical outcome. (11-14)

The purpose of this study was to analyze the 
population undergoing a percutaneous renal 
angioplasty, evalute the procedure safety and the long-
term clinical response.

increase ≥20% of glomerular filtration rate at follow up. (19)

Statistical analysis
Continuous variables are presented as mean and standard 
deviation or median and interquartile range accordind to the 
distribution were Gaussian or not. In the comparison of two 
groups were used t test or the Wilcoxon test according to the 
distribution were parametric or not, respectively.

Categorical variables were expressed as percentages and 
compared with Chi-square test. It was carried out an analysis 
of multivariate logistic regression entering variables which 
obtained a value of p<0.20 in simple logistic regression to 
identify predictors of improvement in glomerular filtration 
rate at follow up as a dichotomic variable. It was considered 
statistically significant a value of p<0.05. It was used the 
two-tailed t test for paired samples to assess the development 
of blood pressure and creatinine clearance at follow-up 
compared to basal values.



ANGIOPLASTY IN RENOVASCULAR DISEASE  / Gerardo Nau y col. 29

basal renal impairment. The total population showed a 
reduction in systolic blood pressure (SBP) at long term 
follow up of 10mm Hg after surgery (preprocedural 
SBP 139.7 ± 24.2mm Hg; postprocedural SBP 129.7± 
13.9mmHg p<0.05); mean of reduction of 10 ± 3mm 
Hg, without changes in relation with diastolic blood 
pressure (DBP). Also, HBP was classified as cured, 
improved and failed after revascularization, It was 
objectified a favourable tendency towards cured-
improved versus failed (3% cured, 59% improved, 38%  
failed;  p = 0.09).

It was analyzed the difference in the number of 
drugs indicated preprocedure and postprocedure 
and it was found a significant reduction in 
antihypertensive drugs used after surgery. Prior to 
renal angioplasty it was confirmed an use of 2.8 ± 
1.03 drugs per patient, which were reduced to 1.7 ± 
0.9 (p = 0.02). Patients undergoing bilateral renal 
angioplasty before surgery were medicated with a 
greater number of antihypertensive drugs (Table 
1). In this subgroup was evident at follow up a clear 
reduction in the number of indicated drugs (3 ± 1.04 
presurgery versus  1.6 ± 0.9 postsurgery, p = 0.008) as 
well as a tendency to reduction in numbers of systolic 
blood pressure (preprocedural SBP 142.1 ± 25.3mm 
Hg versus postprocedural  SBP 128 ± 11; p = 0.06, 
mean reduction of 14 ± 7mm Hg).  

Renal function outcome
More than half of the population had advanced basal 
chronic renal impairment (stages III-V, 61%). Mean 
blood creatinine in the total of patients was of 1.58± 
1mg/dl. The indication for percutaneous secondary 
renal revascularization to new impairment in renal 
function was of 30%.

AT long-term follow up of all treated patients, 
49% showed sustained improvement in creatinine 
clearance (53.6 ± 18.4 ml / min basal versus 60.8 ± 
19.5 ml / min at follow up; p = 0.011) (Figure 1A). 
However, 20.4% showed a significant impairment in 
glomerular filtration.

The improvement in glomerular filtration was 
more common in patients with advanced chronic 
impairment .(70.5% stages ≥III versus 13.5% stages 
0-II, P = 0.01) and less common in women (18.5 % vs. 
49%, p = 0.01). Among basal characteristics, women 
had a lower percentage of comorbid conditions (DM, 
coronary artery and peripheral disease). The basal 
creatinine was significantly lower in women, however, 
both glomerular filtration rate as  prevalence of 
advanced chronic renal failure were similar in women 
and men (Table 2, Figure 1 B and C).

In patients undergoing bilateral renal angioplasty, 
64% showed a significant improvement in creatinine 
clearance (52.8 ± 25.3 ml / min basal versus 66.1 ± 
15.1 ml / min at follow-up; p = 0.032).

In order to identify predictors of improvement 
in glomerular filtration rate, it was carried out a 
multivariate logistic analysis with different clinical 
variables (sex, grade ≥  3 renal disease, basal DM, SBP 

and DBP, number of antihypertensive drugs). The  
presence of grade III renal disease (OR 29.6, CI 95% 
8.3-105.8;  p<0.001) and male sex (OR16.2, CI 95% 
4.3-105.8; p> 0.001) were independent predictors of 
improvement in glomerular filtration rate at follow up 
(see Figure 1).

Long-term follow up
At long term follow up there were multiple vascular 
events: CVA (n = 2), acute coronary syndrome (n 
= 5), surgical revascularization (n = 4), coronary 
angioplasty (n = 6) and peripheral angioplasty (n = 
6) and 11 percutaneous renal re surgery, which were 
secondary to clinical manifestations. In eight of these 
were found restenosis and in three, progression of 
significant contralateral disease. Within the first 
six were objectified diffuse stent restenosis, in their 
majority treated with balloon (5 with balloon, 1 with 
pharmacologic stent) and two on lesions treated with 
balloon, in which metal stent was implanted.

Likewise, it was found two episodes of acute 
kidney failure, both related to surgery in patients with 
chronic renal impairment and two episodes of heart 
failure, associated with acute coronary events. There 
were observed 6 deaths during follow-up, 4 of vascular 
causes (2 acute myocardial infarction, 2 postoperative, 
myocardial resvacularization surgery) and the rest of 
oncological cause.

DISCUSSION

Our analysis of consecutive patients with renovascular 
renal disease submitted to renal angioplasty allows 
us to know the characteristics of this population 
and showed the safety and potential benefit of this 
therapeutic alternative.

Renal atherosclerosis is a prevalent entity, especially 
in patients with involvement of other vascular beds, 
(20) as it could be objectified in this study. Despite the 
continued advance in interventional treatment, it is still 
controversial in the context of renovascular disease. 
(21) That is why different additional parameters have 
recently been assessed (renal angiographic blush, 
BNP levels, fractional flow reserve, Doppler resistance 
index) in order to identify patients who could obtain 
the greatest clinical benefit. (22-24) However, current 
scientific evidence is insufficient to standardize the 
role of renal angioplasty. (25) Prior randomized 
studies had important limitations, including the big 
move of patients from the medical treatment branch 
to TRA (44% in the DRASTIC study), the complicated 
definition of inclusion of patients or the low cutoff 
point of significant stenosis in the ASTRAL study. This, 
together with the small number of patients enrolled in 
the STAR study, limits the real conclusions of benefit of 
this treatment. (26-28)

Despite the return flow to renal level, treatment 
of this entity represents a more complex challenge. 
Concomitant factors of this disease, as HBP, 
dyslipidemia and diabetes, are associated independently 
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Fig 1. Long term evolution of renal function after  transluminal 
renal angioplasty. Discrimination of subgroups. GF: Glomerular 
filtration rate. CKD: chronic kidney disease.

Table 2. Basal Caracteristics according to gender

Table 1. Basal Caracteristics according to the type of compromise

Male
(n = 72)

Female
(n = 28)

p

67.8 ± 8,6

26.8 ± 4.1

93

37.4

68

44.4

1.66 ± 0.8

61.1

53.2

66 ± 12.8

25.5 ± 3.9

100

10.7

25

25

1.22 ± 1

60.7

54.7

0.89

0.56

0.61

0.01

0.01

0.07

0.05

0.52

0.65

Age, (years ± SD)

Body mass index (kg/m2 ± SD)

Hypertension, %

Diabetes mellitus, %

Coronary disease, %

Peripheral vascular disease, %

Basal creatinine, (mg/dl ± SD)

Kidney failure> stage 3, %

Glomerular filtration 

(ml/min/1.73 m2) 

Bilateral
(n = 22)

Unilateral
(n = 78)

p

66.8 ± 10

22.2 ± 10.1

100

68.1

50

1.54 ± 1

3 ± 1.04

142.1 ± 25.3

52.8 ± 25.3

66.7 ± 5

24.5 ± 3.1

87.1

64.1

25.6

1.59 ± 0.9

1.9 ± 1.05

128.1 ± 15

58.5 ± 20.1

0.89

0.72

0.65

0.56

0.04

0.52

0.01

0.06

0.54

Age (Years ± SD)

Body mass index 

(kg/m2 ± SD)

Hypertension, %

Dyslipidemia, %

Diabetes mellitus, %

Basal Creatinine 

(mg/dl ± SD)

Antihypeertensive drugs

(number ± SD)

Systolic blood pressure

(mm Hg ± SD)

Creatinine clearance 

(ml/min ± SD)

and directly associated with renal impairment. (29) 
Likewise, variable linked to surgery, such as contrast-
induced nephropathy or atheroembolization, have a 
preponderant role in the renal outcome of these patients. 
According to it, our study showed a high prevalence 
of hypertensive and diabetic patients with target-
organ damage prior to clinical renal manifestation. 
This reality could be manifested in patients (20.4%) 
who continued with impaired renal function despite 
successful treatment. This impairment is congruent 
with which is referred in the current bibliography. 
(8, 30, 31) However, it is noteworthy that patients 
with a greater impairment (kidney failure in stage 
III) have been benefited even more, because in them 
there was only 6.6% of latter significant impairment. 
(31, 32) Likewise, taking into account the limitation 
of glomerular filtration rate as a variable to compare 
between groups with renal impairment in 0-II and 
advanced stages, it was showed a high percentage of 
stability (43.3%) among patients in the first group.

With regard to the differences concerning gender, 
previous studies show that men would have a greater 
number of glomeruli and increased production of 
prostaglandins, which provides greater protection 
against nephrotoxicity induced by contrast, secondary 
injury to ischemic and hyperfiltration. (30, 33) 
Moreover, women experience a worsening of renal 
function after contrast exposure. (34, 35)

Adequate control of HBP in the context of 
atherosclerotic and / or peripheral coronary compromise 
is very useful, as it prevents the progression of vascular 
disease. (29) In our record we have a population of 
high cardiovascular risk patients in whom we obtained 
a better control of blood pressure at long-term of 
follow up. This benefit was greater in patients with 
severe bilateral compromise. In this subgroup, renal 
atherosclerosis is a clear trigger for clinical expression, 
as the microvascular renal injury by significant 
renal artery stenosis and vascular remodeling by 
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uncontrolled systemic hypertension are at a similar 
outcome. These findings are comparable to the results 
obtained by Webster and et al., who certify the greatest 
benefit in controlling blood pressure in patients with 
bilateral compromise. (36)
Study Limitations
Our paper presents some limitations that we consider 
convenient to highlight.

First, the retrospective nature of this study 
constitutes a limitation, since in some cases it makes 
difficult to establish indication criteria, implementation 
of preventive treatment of contrast nephropathy or 
discontinuation of nephrotoxic drugs before surgery. 
Second, the sample size is small, which limits the 
assessment of the number of events in the long term. 
Third, it has not been able to collect in a systematic 
way complementary studies postintervention as a form 
of objective follow up in order to assess restenosis.

Because of these limitations, we are aware that 
our study does not allow us to define the undisputed 
therapeutic behaviours in patients with this pathology 
so controversial.

CONCLUSIONS

The findings of this current study suggest that 
percutaneous treatment of renovascular disease is 
a complementary therapeutic alternative of high 
safety and good long-term outcomes. Likewise, it is 
also highlighted the benefir of TRA in patients with 
significant basal renal impairment, despite a late 
revascularization. However, the surgery is part of a 
comprehensive treatment that requires the correct 
selection of patients and the subsequent strict medical 
control.

RESUMEN

Evolución alejada de la enfermedad renovascular 
aterosclerótica en pacientes sometidos a angioplastia 

Introducción
El actual incremento en el diagnóstico de la enfermedad 
renovascular aterosclerótica (ERA) deviene del progresivo 
reconocimiento de su impacto clínico. El papel de la 
angioplastia renal percutánea como tratamiento alternativo 
ha motivado, y continúa haciéndolo, múltiples ensayos 
clínicos.

Objetivo
Analizar una población sometida a angioplastia renal 
percutánea y evaluar la seguridad del procedimiento y la 
respuesta clínica alejada.

Material y métodos
Se incluyeron en forma retrospectiva y consecutiva 100 
pacientes intervenidos percutáneamente. Se realizó un 
seguimiento telefónico o por visitas (mediana 1,7 años; 
rango intercuartil 25-75, 1,2-2,7 años) durante el cual se 
recolectaron los datos clínicos y de laboratorio. 

Resultados
Se analizaron 100 pacientes, la mayoría de sexo masculino 
(72%), edad media de 67,3 ± 9,9 años, con múltiples 
factores de riesgo cardiovascular (HTA 95%, DLP 74%, 
TBQ 63%, DM 28%) y amplio compromiso vascular 
aterosclerótico (enfermedad coronaria 56%, enfermedad 
vascular periférica 39%). Se realizó angioplastia con stent 
en el 98% de los casos, el 22% en forma bilateral, con 
un éxito del 99%. Se observó un descenso significativo 
de la tensión arterial sistólica (TAS) en el seguimiento 
alejado (TAS preprocedimiento 139,7 ± 24,2 mm Hg - 
TAS posprocedimiento 129,7 ± 13,9 mm Hg; p < 0,05), 
así como una reducción del número de drogas indicadas 
(2,8 ± 1,03 - 1,7 ± 0,9; p = 0,02). Estos resultados 
beneficiosos fueron incluso mayores en pacientes con 
compromiso bilateral. En relación con la función renal, el 
49% de los pacientes evidenciaron una mejoría sostenida 
(depuración de creatinina: 53,6 ± 18,4 ml/min basal vs. 
60,8 ± 19,5 ml/min al seguimiento; p = 0,011), mientras 
que el 20,4% presentó un deterioro importante en el 
filtrado glomerular. La mejoría en el filtrado glomerular 
fue más frecuente en pacientes con deterioro crónico 
avanzado (70,5% estadios ≥ III vs. 13,5% estadios 0-II; 
p = 0,01) y con angioplastia renal bilateral (depuración 
de creatinina: 52,8 ± 25,3 ml/min basal vs. 66,1 ± 
15,1 ml/min al seguimiento; p = 0,032). En el análisis 
multivariado, la enfermedad renal grado ≥ III (OR 29,6, 
IC 95% 8,3-105,8; p > 0,001) y el sexo masculino (OR 
16,2, IC 95% 4,3-105,8; p > 0,001) fueron predictores 
independientes de mejoría del filtrado glomerular en el 
seguimiento.

Conclusiones
El tratamiento percutáneo de la enfermedad renovascular 
es una alternativa terapéutica complementaria de elevada 
seguridad y buena evolución alejada en pacientes de riesgo 
alto. Se destaca asimismo el beneficio de la ATR en pacientes 
con deterioro renal basal  importante, a pesar de una 
revascularización tardía.

Palabras clave  >	 Arteria renal - Aterosclerosis - Angioplastia - 
	 Insuficiencia renal - Hipertensión renovascular

BIBLIOGRAPHY

1. Hansen KJ, Edwards MS, Craven TE, Cherr GS, Jackson SA, 
Appel RG, et al. Prevalence of renovascular disease in the elderly: a 
population-based study. J Vasc Surg 2002;36:443-51.
2. Zierler RE, Bergelin RO, Isaacson JA, Strandness DE Jr. Natural 
history of atherosclerotic renal artery stenosis: A prospective study 
with duplex ultrasound. J Vasc Surg 1994;19:250-7.
3. Wollenweber J, Sheps SG, Davis GD. Clinical course of 
atherosclerotic renovascular disease. Am J Cardiol 1968;21:60-71.
4. Olin JW, Melia M, Young JR, Graor RA, Risius B. Prevalence of 
atherosclerotic renal artery stenosis in patients with atherosclerosis 
elsewhere. Am J Med 1990;88:46N-51N.
5. Rihal CS, Textor SC, Breen JF, McKusick MA, Grill DE, Hallett 
JW, et al. Incidental renal artery stenosis among a prospective cohort 
of hypertensive patients undergoing coronary angiography. Mayo 
Clin Proc 2002;77:309-16.
6. Holley KE, Hunt JC, Brown AL Jr, Kincaid OW, Sheps SG. Renal 
artery stenosis: a clinical-pathologic study in normotensive and 
hypertensive patients. Am J Med 1964;37:14-22.
7. Murphy TP, Rundback JH, Cooper C, Kiernan MS. Chronic renal 
ischemia: Implications for cardiovascular disease risk. J Vasc Interv 
Radiol 2002;13:1187-98.
8. Bates MC, Campbell JE, Broce M, Lavigne PS, Riley MA. Serum 
creatinine stabilization following renal artery stenting. Vasc 
Endovascular Surg 2008;42:40-6.



REVISTA ARGENTINA DE CARDIOLOGÍA / VOL 79 Nº 1 / JANUARY-FEBRUARY 2011 32

9. Dorros G, Jaff M, Mathiak L, He T, Minor R, Harner R, et al. Renal 
function and survival after renal artery stent revascularization may 
be influenced by embolic debris. J Invasive Cardiol 2004;16:189-95.
10. Isles C, Main J, O’Connell J, Brown I, Findlay J, Stewart R, et 
al. Survival associated with renovascular disease in Glasgow and 
Newcastle: a collaborative study. Scott Med J 1990;35:70-3.
11. van Jaarsveld BC, Krijnen P, Pieterman H, Derkx FH, Deinum J, 
Postma CT, et al. The effect of balloon angioplasty on hypertension 
in atherosclerotic renal artery stenosis. Dutch Renal Artery 
Stenosis Intervention Cooperative Study Group. N Engl J Med 
2000;342:1007-14.
12. Zeller T, Frank U, Müller C, Bürgelin K, Sinn L, Bestehorn HP, et 
al. Predictors of improved renal function after percutaneous stent-
supported angioplasty of severe atherosclerotic ostial renal artery 
stenosis. Circulation 2003;108:2244-9.
13. Radermacher J, Chavan A, Bleck J, Vitzthum A, Stoess B, Gebel 
MJ, et al. Use of Doppler ultrasonography to predict the outcome 
of therapy for renal artery stenosis. N Engl J Med 2001;344:410-7.
14. Rivolta R, Bazzi C, Stradiotti P, Paparella M. Stenting of renal 
artery stenosis: Is it beneficial in chronic renal failure? J Nephrol 
2005;18:749-54.
15. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 
Izzo JL Jr; Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure. National 
Heart, Lung, and Blood Institute; National High Blood Pressure 
Education Program Coordinating Committee. Seventh Report 
of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure. Hypertension 
2003;42:1206-52.
16. Detection, evaluation, and treatment of renovascular hypertension. 
Final report. Working group on renovascular hypertension. Arch 
Intern Med 1987;147:820-9.
17. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A 
more accurate method to estimate glomerular filtration rate from 
serum creatinine: a new prediction equation. Modification of Diet in 
Renal Disease Study Group. Ann Intern Med 1999;130:461-70.
18. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. 
National Kidney Foundation Practice Guidelines for Chronic Kidney 
Disease: evaluation, classification, and stratification. Ann Inter Med 
2003;139:137-47.
19. Rundback JH, Sacks D, Kent KC, Cooper C, Jones D, Murphy 
T, et al; AHA Councils on Cardiovascular Radiology, High Blood 
Pressure Research, Kidney in Cardiovascular Disease, Cardio-
Thoracic and Vascular Surgery, and Clinical Cardiology, and the 
Society of Interventional Radiology FDA Device Forum Committee. 
American Heart Association. Guidelines for the reporting of 
renal artery revascularization in clinical trials. Circulation 
2002;106:1572-85.
20. Ram CV. Renovascular hypertension. Curr Opin Nephrol 
Hypertens 1997;6:575-9.
21. Kalra PA. Stenting makes no difference in renal artery disease. 
Presented at Late-Breaking Clinical Trials Session: Society for 
Cardiovascular Angiography and Interventions-American College of 
Cardiology Innovations in Intervention (SCAI-ACCi2), Chicago, IL.
22. Subramanian R, White CJ, Rosenfield K, Bashir R, Almagor Y, 

Meerkin D, et al. Renal fractional flow reserve: an hemodynamic 
evaluation of moderate renal artery stenoses. Catheter Cardiovasc 
Interv 2005;64:480-6.
23. Silva JA, Chan AW, White CJ, Collins TJ, Jenkins JS, Reilly JP, 
et al. Elevated brain natriuretic peptide predicts blood pressure 
response after stent revascularization in patients with renal artery 
stenosis. Circulation 2005;111:328-33.
24. Mulumudi MS, White CJ. Renal frame count: a quantitative 
angiographic assessment of renal perfusion. Catheter Cardiovasc 
Interv 2005;65:183-6.
25. Balk E, Raman G, Chung M, Ip S, Tatsioni A, Alonso A, et al. 
Effectiveness of Management Strategies for Renal Artery Stenosis: 
A Systematic Review. Ann Intern Med 2006;145:901-12.
26. Mistry S, Ives N, Harding J, Fitzpatrick-Ellis K, Lipkin G, Kalra 
PA, et al. Angioplasty and STent for Renal Artery Lesions (ASTRAL 
trial): rationale, methods and results so far. J Hum Hypertens 
2007;21:511-5.
27. van Jaarsveld BC, Krijnen P, Pieterman H, Derkx FH, Deinum J, 
Postma CT, et al. The effect of  balloon angioplasty on hypertension 
in atherosclerotic renal-artery stenosis. Dutch Renal Artery 
Stenosis Intervention Cooperative Study Group. N Engl J Med 
2000;342:1007-14.
28. Bax L, Woittiez AJ, Kouwenberg HJ, Mali WP, Buskens E, Beek 
FJ, et al. Stent placement in patients with atherosclerotic renal 
artery stenosis and impaired renal function: a randomized trial. Ann 
Intern Med 2009;150:840-8.
29. Carlsson A C, Wändell, PE, Journath G, de Faire U, Hellénius 
ML. Factors associated with uncontrolled hypertension and 
cardiovascular risk in hypertensive 60 year old men and women– a 
population based study. Hypertens Res 2009;32:780-5.
30. Neugarten J, Kasiske B, Silbiger SR, Nyengaard JR. Effects of 
sex on renal structure. Nephron 2002;90:139-44.
31. Kashyap VS, Sepulveda RN, Bena JF, Nally JV, Poggio ED, 
Greenberg RK, et al. The management of renal artery atherosclerosis 
for renal salvage: does stenting help? J Vasc Surg 2007;45:101-8.
32. Coen G, Moscaritolo E, Catalano C, Lavini R, Nofroni I, Ronga 
G, et al. Atherosclerotic renal artery stenosis: one year outcome of 
total and separate kidney function following stenting. BMC Nephrol 
2004; 5:15.
33. Tada Y, Ichihara A, Koura Y, Okada H, Kaneshiro Y, Hayashi M, 
et al. Ovariectomy enhances renal cortical expression and function 
of cyclooxygenase-2. Kidney Int 2004;66:1966-76.
34. Sidhu RB, Brown JR, Robb JF, Jayne JE, Friedman BJ, 
Hettleman BD, et al. Interaction of gender and age on post cardiac 
catheterization contrast induced acute kidney injury. Am J Cardiol 
2008;102:1482-6.
35. Iakovou I, Dangas G, Mehran R, Lansky AJ, Ashby DT, Fahy M, 
et al. Impact of gender on the incidence and outcome of contrast-
induced nephropathy after percutaneous coronary intervention. J 
Invasive Cardiol 2003;15:18-22.
36. Webster J, Marshall F, Abdalla M, Dominiczak A, Edwards R, Isles 
CG, et al. Randomised comparison of percutaneous angioplasty vs 
continued medical therapy for hypertensive patients with atheromatous 
renal artery stenosis. Scottish and Newcastle Renal Artery Stenosis 
Collaborative Group. J Hum Hypertens 1998;12:329-35.


