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ABSTRACT

Atherosclerotic renal artery stenosis (ARAS) is an important
cause of kidney disease, accelerated hypertension (HTN), and
its treatment is controversial. Our aim was to evaluate the out-
comes, safety, and efficacy of percutaneous transluminal
angioplasty (PTA) forARAS.Retrospective analysis ofARAS
was performed among 470 angiographies during 1995–2010.
Patients with nonatherosclerotic RAS and renal transplant
were excluded. We assessed preintervention and postinterven-
tion mean arterial pressure (MAP), antihypertensive medica-
tions, and renal function to classify as deteriorated (>10%
increase in MAP ⁄ increase in drugs ⁄>20% reduced GFR),
improved (>10% reduced MAP ⁄ reduced drugs ⁄>20%
increased eGFR), or stabilized (<10% change in MAP ⁄ same
antihypertensive drugs ⁄<20% change in eGFR) at last fol-
low-up. A total of 220 subjects with mean age of

57.6 ± 10.4 years underwent PTA and ⁄or stenting. The aver-
age follow-up was 23.07 ± 21.2 months. Accelerated HTN,
HTN onset >50 years, unexplained renal failure, and unilat-
eral small kidney were the most common presentations. In all,
255 significant stenotic lesions in 220 patients (119 unilateral,
66 single functioning kidney, and 35 bilateral) were observed.
In total, 255 PTA were performed, including 177 stenting.
Technical success was seen in 220 ⁄243 (90.5%) subjects. Com-
bined MAP and antihypertensive drugs improved in 154 ⁄220
(70%) patients. Renal function improved ⁄ stabilized in
175 ⁄220 (79.5%). Angioplasty and stenting are relatively safe
and feasible tools for control of blood pressure (BP) in ARAS.
Angioplasty produced improvement ⁄ stabilization of BP in
70%, and the renal function in 79.5% subjects.

Renal artery stenosis (RAS) is an important cause
of hypertension (HTN) and kidney failure. Flow-
obstructing lesions of the renal arteries may be caused
by atherosclerosis, fibromuscular dysplasia, vasculitis,
neurofibromatosis, congenital bands, extrinsic
compression, emboli, aortic dissection, and radiation
(1). Atherosclerotic RAS (ARAS) will account for
approximately 90% of cases of RAS (2).

The progressive nature of ARAS is now well recog-
nized (3–11). Observational data suggest that untreated
RAS can lead to progressive HTN, renal insufficiency,
and increased mortality (9,12–14). The incidence of
progressive ischemic nephropathy resulting from ARAS
has been underestimated in the past. The prevalence of
ARAS increases with age, particularly in patients with

diabetes, hyperlipidemia, other atherosclerotic disease,
and HTN. ARAS is present in 1–5% of the nearly 60
millionAmericanswithHTN(15–17), in 30%ofpatients
with coronary artery disease (18), in 7%of those over the
age of 65 (19), in up to 20% of new patients >50 years
old requiring hemodialysis (1), and in up to 50% of
elderly patientswith diffuse atherosclerotic disease.

Medical management of RAS is mainly through
control of HTN, dyslipidemia, antiplatelet agents, and
management of associated comorbidities. The two
primary indications for renal artery revascularization
are (i) preservation of renal function and (ii) relief of
renovascular (rennin-dependent) HTN. Although surgi-
cal revascularization can improve blood pressure (BP)
and delay the progression of renal failure (2,14–21), it
has been reserved for those who are not amenable to
percutaneous intervention. Surgical treatment, mainly
aorto-renal bypass, carries with it high morbidity and
mortality (rates up to 6–8%) (17,22–26). Percutaneous
revascularization with angioplasty and stenting has
offered the benefit of revascularization with significantly
reduced morbidity, mortality, and in-hospital stay, in
high-risk patients for surgery.

Observational studies have reported improvement in
BP in a large proportion of the patients following renal
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artery stenting. However, literature regarding the effect
of renal artery stenting on renal function reveals
conflicting results. Some authors reported improved
renal function in 40–100% of patients (27–39), whereas
others found no significant impact of revascularization
on renal function (5,40–48). Others have even reported
worsening of renal function following renal angiography
or percutaneous revascularization in 10–40% of
patients, some of them subsequently requiring hemodial-
ysis (34,46,48–50). The purpose of this retrospective
study was to evaluate the clinical outcomes, safety, and
efficacy of percutaneous transluminal angioplasty
(PTA) on HTN and renal function in patients with
ARAS (>70%diameter stenosis).

Methods

Patient Group and Study Design

This was a single-center, retrospective, longitudinal,
follow-up study of all subjects who underwent renal
angioplasty ⁄and stenting for treatment of RAS at
Muljibhai Patel Urological Hospital between January
1995 and December 2010. The study was approved by
the Institutional Ethics Committee. Patients who had
main or large segmental RAS secondary to ARAS and
underwent PTA were included in this study. Patients
with nonsignificant ⁄nonpassable stenosis, nonathero-
sclerotic RAS, and stenosis of transplant arteries were

excluded. The patients’ demographic details, mode of
presentation, BP, antihypertensive drugs, and renal
function were recorded. All subjects underwent diagnos-
tic angiography either in the same sitting or before any
interventional procedure. Decisions regarding treatment
were based on several factors, such as percentage of ste-
nosis, kidney size and extent of disease, natural history
of the lesions, technical difficulty, and ease of medical
treatment. Stenting of the renal arteries was started since
2000 and only angioplasty was performed prior to 2000.
All interventions were performed by the nephrologists

taking care of the patients. Patients were subjected to
angiography only if they were willing to consider further
revascularization, if needed. All patients had definite
clinical, noninvasive imaging, and biochemical reason to
suspect physiologically significant RAS. Study details
are shown in Fig. 1.

Angioplasty Technique

Angiographies were performed by the nephrologists.
All procedures were performed under local anesthesia
through femoral arterial access (preferably) or through
the left brachial approach, whichever is convenient.
After the femoral cannulation, aortogogram was
performed using 6F pigtail catheter (Cordis, Miami
Lakes, FL, USA) using iodinated contrast. Selective
cannulation of one or both the renal vessels was per-
formed using 5F RDC catheter (Cordis) to confirm, or

Fig. 1. Study plan.
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to rule out, significant RAS. If there was significant
stenosis, the RAS was crossed with a guide wire and
angioplasty catheter. The balloon ⁄ stent diameter (5–
6 mm) was decided based on the estimated normal
diameter of the stenotic segment and not that of the
poststenotic segment.Heparinwas administered intrave-
nously (40–50 U ⁄kg) before the balloon was inflated.
Premounted balloon-expandable stents were used when-
ever stenting was performed. After the RAS ⁄ stenting,
sustained increase in blood vessel diameter and residual
stenosis was confirmed using repeat contrast study as
shown in Fig. 2. A technically successful procedure was
defined as <20% residual diameter stenosis with brisk
distal flow in the target vessel. Technical failure was
defined as being unable to pass guide wire ⁄catheter or
unable to dilate vessel with balloon. All patients received
antiplatelet medication 24 hours prior to the procedure.

Follow-up Monitoring and Assessment of
Outcomes

All patients were monitored for renal function using
serum creatinine and BP. eGFR was estimated using
Cockroft Gault Formula. Antihypertensives were
adjusted to control the BP. Mean arterial pressure
(MAP) was defined as improved, if it reduced by>10%
compared with the baseline, and stabilized, if it varied
<10%, and worse, if increased by >10%. BP assess-
ment (combined MAP and antihypertensive drugs) of
outcomes was defined as: (i) ‘‘cured,’’ with normal BP
(<95th percentile for age, gender, and height) with no
antihypertensive treatment; (ii) ‘‘improvement’’ with
improved BP after reduced antihypertensive treatment;

(iii) ‘‘stabilized’’ with improved BP after reduced treat-
ment; (iv) ‘‘worse’’ with BP either increased or needed
increased dose of antihypertensive medications despite
angiographic success. Patency of the treated artery was
assessed by duplexDoppler ultrasound.

Renal function was defined as ‘‘abnormal,’’ if baseline
eGFR was <60 ml ⁄minute. ‘‘Improvement’’ in renal
functionwas defined as increase in eGFRby ‡20%com-
pared with baseline. Renal function was considered
‘‘unchanged,’’ if eGFR varied by £20% and ‘‘worse,’’ if
eGFR reduced by ‡20% comparedwith baseline. Serum
creatinine levels were followed up on an outpatient basis
at 48 hours, 1 week after the procedure, and at the clini-
cian’s discretion during the subsequent follow-up.
Serum creatinine was evaluated at approximately
6 months, 1, 2, and 3 years postrenal artery stenting.

Statistical Analyses

Results were presented as mean ± SD and range,
whenever necessary. The results of balloon dilation at
baseline versus last follow-up were compared with
results of paired t-test. A p-value < 0.05 was considered
statistically significant. Data were analyzed using SPSS
version 15 (SPSS, Chicago, IL,USA).

Results

Four hundred and seventy angiographies were per-
formed for diagnostic purpose. Three hundred and
thirty subjects showed RAS of >40%. Two hundred
and seventy-nine subjects showed significant stenosis

Fig. 2. Images showing pre and post angioplasty and stenting in RAS in single functioning kidney and in bilateral RAS.
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defined by >70% luminal narrowing. Of 279 subjects,
in 243 (87.09%), RAS was due to atherosclerosis, and in
36 (12.9%), it was due to nonatherosclerotic RAS. Of
the 220 subjects of ARAS, 78 patients underwent angio-
plasty only. Angioplasty and stenting were performed in
the remaining 142 patients in 177 renal arteries.
The average age before the intervention was

57.6 ± 10.4 years and men constituted 70.5%. The
details are shown in Table 1. Unilateral RASwas seen in
119 ⁄220 (54.1%), and 35 ⁄220 (15.9%) had bilateral ste-
nosis. Single functioning kidney stenosis was observed in
66 ⁄220 (30%) subjects. Technical success was obtained
in 220 ⁄243 (90.5%) subjects. Coronary artery disease
was associated in 55 ⁄220 (25%) subjects, and diabetes
was seen in 60 ⁄220 (27.3%).

Clinical Indicators and Noninvasive Tests for
RAS

The angiographies were performed by the nephrolo-
gists whenever there was a strong clinical, radiological,
and biochemical indicator of physiologically significant
RAS, such as unilateral small kidney––105 ⁄220
(47.7%); CKD of undetermined etiology having
atherosclerotic disease––103 ⁄220 (46.8%); HTN onset
>50 years––98 ⁄220 (44.5%); severe HTN at presenta-
tion––89 ⁄220 (40.5%); and vascular disease in other
territories––89 ⁄220 (40.5%); or acute deterioration on
renal function with angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers––24 ⁄220
(10.9%) as shown in Table 2. In addition to these, at
least one of the noninvasive tests for RAS, such as renal
Doppler, CT angiography, or MR angiography, was
performed before the conventional renal angiogra-
phy ⁄digital subtraction angiography.

Effect of Angioplasty on BP

Overall BP (MAP) improved form 114.79 ± 12.9 to
109.67 ± 11.0 (p < 0.0001) and antihypertensive drug
requirement reduced from 2.4 to 2.1 (p < 0.0001). BP
(MAP) and antihypertensive drug requirement
stabilized or improved in 188 (85.5%) and 182 (82.7%),
respectively, as shown in Fig. 3. The combined BP and
antihypertensive need stabilized or improved in 163
(74.1%). Both antihypertensive requirement and MAP

improved significantly in single functioning kidney; only
MAP improved significantly in unilateral kidney RAS
as shown in Table 3.

Effect of Angioplasty on Renal Function

Overall, eGFR improved by 2.5 ml (from
39.0 ml ⁄minute to 41.6 ml ⁄minute; p=0.007) over
23 months of mean follow-up. eGFR stabilized or
improved in 186 (84.5%) subjects as shown in Fig. 3.
Nondiabetic subjects had improvement in the eGFR by
3.7 ml ⁄minute as compared with 0.2 ml ⁄minute deterio-
ration in diabetics. Thirty-five bilateral RAS subjects
who underwent angioplasty had significant improve-
ment in eGFR (37.6 ml ⁄minute to 44.7 ml ⁄minute;
p=0.029) at last follow-up. There was no significant
renal function (average eGFR) improvement in the uni-
lateral or single functioning kidney subjects (details are
shown in Table 3).

Patients with Baseline eGFR > 60 ml ⁄ minute
(n = 56)

Fifty-six (56 ⁄220 = 25.5%) subjects had
eGFR > 60 ml ⁄minute at baseline with an average of
eGFR 85.2 ± 20.1 ml ⁄minute. The eGFR remained
unchanged in 53 ⁄56 (94.6%) at the last follow-up, and in
3 ⁄57 (5.4%) subjects, eGFR became worse at the last
follow-up. Combined BP (MAP and drugs) worsened in
13 ⁄56 (23.2%) subjects.

Patients with Baseline eGFR < 60 ml ⁄ minute
(n = 164)

Abnormal renal function, that is, eGFR < 60 ml,
was observed in 164 ⁄220 (74.5%) subjects with average
eGFR of 26.13 ± 14.7 ml ⁄minute. The renal function
‘‘improved’’ in 47 ⁄164 (28.7%) patients, remained
‘‘unchanged’’ (stabilized) in 74 ⁄164 (45.1%) patients,
and worsened in 42 ⁄164 (25.6%) subjects. Combined BP
(MAP and drugs) worsened in 53 ⁄164 (32.3%) subjects;

TABLE 1. Demographics

Parameters Results

Age (years) 57.6 ± 10.4
Gender (M ⁄F) 155 ⁄ 65
HTduration (months) 63.66 ± 5.31
No. of anti-HT drugs 2.4 ± 1.05
Diabetesmellitus (%) 60 ⁄ 220 (27.3)
Ischemic heart disease (%) 55 ⁄ 220 (25)
Peripheral vascular disease (%) 16 ⁄ 220 (7.3)
Follow-up (months) 23.1 ± 1.3
Unilateral stenosis (%) 119 ⁄ 220 (54.1)
Single functioning kidney (%) 66 (30)
Bilateral stenosis (%) 35 (15.9)

HT, hypertensive.

TABLE 2. Indicators and noninvasive tests for renal artery

stenosis (RAS)

S. no. Indicators for RAS Number Percentage

1 Hypertension<30 years and
vascular disease

42 19.1

2 Hypertension >50 years 98 44.5
3 Severe hypertension 89 40.5
4 Unilateral small kidney 105 47.7
5 Accidental deterioration

after ACEI ⁄ARB
24 10.9

6 Evidence of vascular
disease (PVD ⁄CVD)

89 40.5

7 Abdominal bruit 75 34.1
8 CKDof undetermined

etiology
103 46.8

9 Flash pulmonary edema 15 6.8
Noninvasive tests
1 Doppler evaluation 104 47.3
2 CT angiography 17 7.7
3 MRangiography 9 4.1

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin
receptor blockers.
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21 ⁄164 subjects needed dialysis prior to the angioplasty
for uremia or volume overload. One-third (7 ⁄21) of the
subjects became dialysis-free after the angioplasty and
stenting. One subject worsened to ESRD after
14 months of intervention following acute kidney injury
secondary to sepsis.

Patients with Unilateral RAS (n = 119)

Unilateral RAS was observed on angiography in
119 ⁄220 (54.1%) subjects. The average eGFR was
41.4 ± 29.2 ml ⁄minute. The average MAP improved

significantly after the angioplasty ⁄ stenting (p=0.016).
Combined BP and eGFR improvement was seen in
84% and 81.5% at the last follow-up as shown in
Table 4.

Patients with Single Functioning Kidney RAS
(n = 66)

RAS in a single functioning kidney was observed on
angiography in 66 ⁄220 (30%) subjects. The average
eGFR was 35.4 ± 24.4 ml ⁄minute. The average MAP
(p=0.0001) and the need for antihypertensive

Fig. 3. Outcome of Blood pressure and renal function after Angioplasty.

TABLE 3. Effect of angioplasty

Total eGFR £ 60 eGFR > 60 Diabetes No diabetes

Mean blood pressure (mmHg)
Pre 114.79 ± 12.9 114.7 ± 12.4 115.1 ± 14.3 112.1 ± 10.5 115.8 ± 13.6
Post 109.67 ± 11.0 110.7 ± 11.3 106.6 ± 9.6 109.5 ± 10.1 109.7 ± 11.4
p-value 0.0001 0.001 <0.0001 0.167 <0.0001

No. of antihypertensive drugs
Pre 2.4 ± 1.1 2.42 ± 1.08 2.35 ± 0.99 2.25 ± 1.1 2.46 ± 1.03
Post 2.12 ± 0.9 2.18 ± 0.97 1.95 ± 0.85 2.03 ± 0.96 2.16 ± 0.95
p-value 0.0001 0.006 0.002 0.129 0.001

Serum creatinine (mg%)
Pre 3.2 ± 2.7 3.91 ± 2.7 0.95 ± 0.24 3.21 ± 2.31 3.13 ± 2.83
Post 3.1 ± 2.7 3.90 ± 2.8 0.93 ± 0.31 3.51 ± 2.53 3.00 ± 2.81
p-value 0.95 0.966 0.689 0.115 0.442

eGFR (ml ⁄minute)
Pre 39.01 ± 27.86 25.1 ± 14.7 78.7 ± 16.7 29.7 ± 18.3 42.5 ± 30.0
Post 41.62 ± 30.51 27.8 ± 18.9 81.9 ± 19.5 29.5 ± 20.5 46.2 ± 32.4
p-value 0.007 0.020 0.134 0.846 0.03
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medications (p=0.007) improved significantly after the
angioplasty ⁄ stenting. Combined BP and eGFR
improvement was seen in 92.4% and 75.8% at the last
follow-up.

Patients with Bilateral RAS (n = 35)

Bilateral RAS was observed on angiography in
35 ⁄220 (15.9%) subjects. The average eGFR was
37.6 ± 29.4 ml ⁄minute. The average eGFR improved
significantly after the angioplasty ⁄ stenting (p=0.029).
Combined BP and eGFR improvement was seen in
82.9% and 80%at the last follow-up.

Complications

Twenty-three complications were encountered in 19
of a total of 220 patients (8.6%). The most serious
complications were renal arterial injury in two subjects,
which needed emergency nephrectomy, contrast-
induced nephropathy in eight, stent displacement in
three, renal artery dissection in two, and brachial artery
thrombosis in one. Local hematoma was observed in
four, and one developed femoral aneurysm at the
puncture site, which needed repair. Two subjects
developed acute left ventricular failure after the
angioplasty and one developed hypotension, as they had
serious cardiovascular disease also. One subject devel-
oped stent thrombosis after 2 days of angioplasty. The
two subjects, who underwent emergency nephrectomy,
died within 10 days of the procedure (procedure-related
mortality) due to myocardial infarction and pulmonary
embolism.

Discussion

This is the largest series of renal angioplasty and stent-
ing from India where the renal artery interventions are
performed by the nephrologists. This is a noncompara-
tive study of percutaneous transluminal renal angio-
plasty (PTRA), with or without stent placement for
RAS, over 15 years. The 90.5% technical success rate

we have demonstrated is comparable to the rates
between 88% and 100% reported in other large series
(17–21).
One goal of PTRA is to achieve a more effective

control of BP with fewer antihypertensive drugs. We
found that renal angioplasty and stenting resulted in a
decrease in the BPwith the same or reduced dose of anti-
hypertensives in 74.1% subjects with meanMAP reduc-
tion by 5.1 mmHg. Ramsay and Waller (51) showed
that balloon angioplasty led to a cure from HTN in
24%, and to improved BP control (as measured by a
reduction in the dosage of antihypertensive drugs by at
least half a tablet a day) in 43% of people. The dose of
antihypertensives was reduced from 2.4 to 2.1 after the
angioplasty and stenting in our series. Essai Multicentri-
que Medicaments vs. Angioplastie (EMMA) trial (45)
also showed that there was a significant decrease in
median daily drug dosage (baseline was 1.33 in both
groups and decreased to 1.0) in the balloon angioplasty
group. Dutch Renal Artery Stenosis Intervention
Cooperative (DRASTIC) trial (47) that consisted of 106
patients showed no significant advantage of angioplasty
over medical therapy. In our study, MAP reduced by
9.1, 3.5, and 3 mmHg, and BP (MAP and antihyperten-
sive medications) improved or stabilized in 77.3%,
74.8%, and 68.6% in single functioning kidney, in
unilateral RAS and in bilateral RAS, respectively.
Canzanello et al. (48) showed that unilateral RAS revas-
cularization is easier, safer, and more likely to result in a
favorable BP outcome than in cases with bilateral RAS
orRAS affecting a solitary kidney.
Renal function improved in 10% and stabilized in

60% of the subjects overall. eGFR improved signifi-
cantly in bilateral RAS, and eGFR improved or stabi-
lized in 75.5–81% of subjects in single functioning
kidney, unilateral, or bilateral RAS. Zierler et al. (52)
showed that in a number of patients, PTRA may
improve or stabilize renal function. In a series of 23
patients, Weibull et al. (43) showed that renal-impaired
patients treated with PTRA showed improved serum
creatinine in 16 (49%) patients. In 13 patients (39%),
renal functionwas stabilized, whereas it deteriorated in 4
(12%) after 12 months. In another report by Pattison
et al. (53), the benefits of PTRA in 60 patients with
baseline serum creatinine > 150 lmol ⁄ l showed renal
function improvement (20% reduction in serum creati-
nine) in 24 (40%) patients, whereas 6 (10%) showed
deterioration at 1 month. Yevzlin et al. (54) performed
four unilateral angioplasties in nine subjects referred for
angiography as they had significant RAS. This is the first
report of RAS managed by the nephrologists. The
technical success was 100% and the serum creatinine
improved from 2.4 mg ⁄dl to 1.8 mg ⁄dl over 3–7 days
postintervention (54).
In the Stent Placement in Patients with Atheroscle-

rotic Renal Artery Stenosis and Impaired Renal
Function (STAR) trial (55), 140 patients with
eGFR < 80 ml showed no clear effect on progression
of impaired renal function. In this study, clinically sig-
nificant stenosis was defined as >50%, which may not
always be hemodynamically significant. Of the 64 sub-
jects randomized to stenting, only 46 received stenting

TABLE 4. Effect of angioplasty in single functioning kidney,

unilateral renal artery stenosis (RAS), and bilateral RAS

Single functioning kidney Unilateral RAS Bilateral RAS

Mean blood pressure
Before 118.8 ± 12.2 113.4 ± 13.6 111.9 ± 10.3
After 109.6 ± 9.3 109.9 ± 11.6 108.9 ± 12.4
p-value 0.0001 0.016 0.272

Mean antihypertensive drugs
Before 2.59 ± 1.0 2.34 ± 1.1 2.23 ± 0.8
After 2.23 ± 0.9 2.13 ± 1.0 1.91 ± 0.9
p-value 0.007 0.102 0.102

Mean serum creatinine
Before 3.14 ± 2.7 2.9 ± 2.7 3.7 ± 3.5
After 3.28 ± 2.7 3.0 ± 2.6 3.3 ± 3.2
p-value 0.527 0.825 0.233

Mean eGFR
Before 35.4 ± 24.4 41.4 ± 29.2 37.6 ± 29.4
After 37.5 ± 26.1 42.9 ± 31.3 44.7 ± 35.2
p-value 0.262 0.150 0.029
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(12 had stenosis < 50% and 6 were not stented for
other reasons). In our study, all subjects had >70%
stenosis. In the STAR study, there was a question
about the skill of the operator, as only one stenting was
performed per year in a center. We performed angio-
plasty in 220 subjects over 15 years, that is, >14 per
year. In the Angioplasty and Stenting for Renal Artery
Lesions (ASTRAL) trial (56), the change in renal func-
tion over time that was assessed by the mean slope of
the reciprocal of the serum creatinine showed no evi-
dence of a worthwhile clinical benefit from revasculari-
zation. In the ASTRAL trial, patient selection was
poor. Patients were excluded from the study, if the phy-
sician thought that they would benefit from interven-
tion. In our study, we considered intervention when
there were strong indicators clinically, biochemically,
and radiologically, and the person was ready to
undergo angioplasty with stenting in the same sitting.
Percentage of RAS was measured visually and not by
using computer program. Of the subjects, 41% were
having insignificant stenosis (<70%) in the ASTRAL
trial, which is one of the reasons for nonsuperiority of
intervention. In our study, intervention was considered
only if the stenosis was >70%. Three hundred and
eight (76.4%) subjects assigned to intervention arm
underwent angioplasty and stenting. In both studies,
pressure gradient was not measured. The technical suc-
cess was 90.5% in our study as compared with 82% in
the ASTRAL trial. We did not perform the stenosis if
the kidney size was <6.5–7 cm. Only 50–60 ml of
iodinated contrast was used, which possibly reduced
the contrast-induced nephropathy. The BP improved
or stabilized in 74.1% subjects, and renal function
improved or stabilized in 70% subjects over 23 months
of mean follow-up. The major studies gave no signifi-
cant benefit of angioplasty in controlling BP or in
reducing the deterioration of renal function. In the
DRASTIC trial (47), RAS > 50% was considered
significant, which may not be physiologically signifi-
cant. In all, 44% in the medical group underwent
angioplasty for uncontrolled BP or progression of RAS
after 3 months of enrollment. Although the BP
remained the same, the number of antihypertensive
medications were reduced in the intervention arm
(2.1 ± 1.3 vs. 3.5 ± 1.5: p < 0.001). In our study, BP
medicines were reduced from 2.4 to 2.1, and overall
MAP reduced by 5 mmHg from baseline to last follow-
up. Both DRASTIC and STAR trials were underpow-
ered to reflect the benefit of intervention.

Study Limitations

This is a retrospective study of intervention in >70%
RAS with a mean follow-up of approximately
23 months. As it was not randomized, we could not
compare the benefit of intervention with only medical
therapy. A randomized prospective evaluation with
longer follow-up is desirable. The percentage of stenosis
was assessed visually and computer program was not
used. Visual assessment may overestimate the stenosis.
Serum creatinine and eGFRwere used as the markers of
renal function. Serum creatinine may not detect the

small change in the renal function accurately. More
accurate ways of quantifying renal function likeGFRby
nuclear renal scans were not used. We did not measure
the pressure gradient across the stenosis or intravascular
ultrasound in any of the patients. Peak systolic pressure
gradient >20 mmHg or mean pressure gradient
>10 mmHg in a symptomatic RAS demarcates subjects
who could benefit from interventions. Embolic protec-
tion devices were not used to prevent atheroembolism.
Use of these devices could have improved the results
more than the present state by preventing renal failure
due to atheroembolism.

The complication rate in our center was 8.6%, which
is almost similar to that in the ASTRAL trial (7%).
Among 8.6% of complications, 1.8% were minor. Two
of 220 (0.9%) patients had dissection of the renal artery,
which is less than that in the ASTRAL (1.1% [4 ⁄359])
and STAR trials (4.3% [2 ⁄46]). Procedure-related mor-
tality (<30 days) was 0.9% in our study, which was
more than that in the ASTRAL trial (0.55%), but less
than that in the STAR trial (4.3%).

ARAS is a progressive disease and leads to complete
occlusion if untreated. All renal arteries with stenosis do
not need to be (and should not be) stented. There must
be a good clinical indication, and hemodynamically
significant stenosis should be treated with angioplasty
and stenting to get better results. Incidentally detected
stenosis during the coronary angiogram in an asymp-
tomatic patient may not be physiologically significant.
Hence, interventions in these stenosis patients may not
give improvement in BP or renal function.We hope that
adequately powered, prospective randomized control
trials in the future may give us a clear answer to the
question whether the renal artery stenting is beneficial in
the patients withRAS.

Conclusion

In our study of 220 patients, we observed improve-
ment ⁄ stabilization of BP in 70% and the renal function
in 79.5% subjects. Careful selection of patients with
good clinical indicators of physiologically significant ste-
nosis is a must prior to angioplasty. Angioplasty and
stenting are safe and feasible options to preserve the
renal function in addition to medical management in
RAS.
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