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Abstract

AIM: To evaluate the short and intermediate term out-
come of percutaneous transluminal renal artery angio-
plasty (PTRA) and stenting particularly on blood pres-
sure (BP) control and renal function and to evaluate
predictors of poor BP response after successful PTRA
and stenting.

METHODS: We conducted a prospective analysis of
all patients who underwent PTRA and stenting in our
institute between August 2010 to September 2012. A
total number of 86 patients were underwent PTRA and
renal stenting. Selective angiography was done to con-
firm at least 70% angiographic stenosis. The predilata-
tion done except few cases with critical stenosis, direct
stenting was done in the rest of cases. All patients
received aspirin 325 mg orally, and clopidogrel 300 mg
orally within 24 h before the procedure. Heparin was
used as the procedural anticoagulant agent. Optimal
results with TIMI-II flow obtained in all cases. Follow-
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ing stent placement, aspirin 150 mg orally once daily
was continued for a minimum of 12 mo and clopidogrel
75 mg orally once daily for at least 4 wk. The clinical,
radiological, electrocardiography, echocardiography and
treatment data of all patients were recorded. The BP
measurement, serum creatinine and glomerular filtra-
tion rate (GFR) were recorded before the procedure
and 1 and 6 mo after PTRA.

RESULTS: A total of 86 patients were included in the
study. The mean age of study population was 55.87
+ 11.85 years old and 67 (77.9%) of patients were
male. There was a significant reduction in both systolic
and diastolic BP at 1 mo after the procedure: 170.15
+ 20.10 mmHg vs 146.60 £ 17.32 mmHg and 98.38 +
10.55 mmHg vs 89.88 = 9.22 mmHg respectively (P =
0.0000). The reduction in BP was constant throughout
the follow-up period and was evident 6 mo after the
procedure: 144.23 + 18.19 and 88.26 £ 9.79 mmHg
respectively (P = 0.0000). However, no improvement
in renal function was observed at any time during the
follow-up period. After multivariate analysis, we found
male sex, low GFR (< 60 mL/min) and higher baseline
mean BP as a poor predictors of successful outcome on
BP response after PTRA and stenting.

CONCLUSION: The PTRA and stenting can be con-
sidered as an effective therapeutic intervention for
improving BP control with minimal effect on renal func-
tion. The male sex, higher baseline BP and low GFR are
associated with poor BP response after successful PTRA
and stenting.

© 2013 Baishideng. All rights reserved.
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outcome of percutaneous transluminal renal artery
angioplasty (PTRA) and stenting particularly on blood
pressure (BP) control and renal function and to evalu-
ate predictors of poor BP response after successful
PTRA and stenting. The PTRA and stenting can be
considered as an effective therapeutic intervention for
improving BP control with minimal effect on renal func-
tion. The male sex, higher baseline BP and low glomer-
ular filtration rate are associated with poor BP response
after successful PTRA and stenting.

Prajapati JS, Jain SR, Joshi H, Shah S, Sharma K, Sahoo S, Vir-
paria K, Thakkar A. Response of blood pressure after percutane-
ous transluminal renal artery angioplasty and stenting. World J
Cardiol 2013; 5(7): 247-253 Available from: URL: http://www.
wjgnet.com/1949-8462/full/v5/i7/247.htm DOI: http://dx.doi.
org/10.4330/wjc.v5.i7.247

INTRODUCTION

Renovascular hypertension occurs in 1% to 5% of all
patients with hypertension. Renovascular hypertension
is the most common form of secondary hypertension.
Renal artery stenosis (RAS) is caused often by atheroma-
tous plaques (80% of the cases over 40 years), but can
also be due to fibromuscular dysplasia (10% of the cases
and more often in young patients), arteritis (Takayasu’s
disease), neurofibromatosis and post radiation injuryM].
It can also occur in post renal transplant patients or after
a renal bypass graftw.

RAS is associated with increased cardiovascular events
and mortality. Its prevalence varies from 7% in individu-
als over 65 years of age to 20%-30% in high risk group
of patients. It may affect up to 30% of patients with
coronary artery disease and nearly 50% of those with
significant peripheral vascular disease (PVD) 37 Athero-
sclerotic RAS is a progressive disease associated with loss
of renal mass over time, despite control of hypertension.
Progression of RAS to complete occlusion is more likely
with more severe (> 60%) lesions and may occur at a rate
of up to 20%/year™* ",

Atherosclerotic RAS is an important cause of renal
insufficiency, refractory hypertension, and cardiac desta-
bilization syndromes (unstable angina and flash pulmo-
nary edema)""'"”. Unilateral RAS manifests clinically as a
vasoconstrictor-mediated hypertension, whereas bilateral
RAS causes hypertension caused by volume overload.
Up to 20% of patients older than 50 years of age requir-
ing renal dialysis have atherosclerotic RAS (ischemic
nephropathy) as the cause of their renal failure. The
treatment of RAS includes medical therapy, balloon an-
gloplasty and surgery. Surgery has been replaced by per-
cutaneous transluminal renal artery angioplasty (PTRA)
and stenting and remains at high risk with a 2%-7%
perioperative mortality rate, a 17%-31% morbidity, dete-
rioration rate in renal function in 11%-31% of patients
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and reocclusion and restenosis in 5%-18%. Indications
for surgery are limited and include failed percutaneous
approach, hostile aorta, infra-renal total occlusion and in
association with aortic surgery“’l‘%’m.

The PTRA technique has become the cornerstone
for treatment of RAS and is now the first line treatment
to be proposed. Balloon angioplasty alone was first pro-
posed but several series reported the successful use of
endovascular stents for treating suboptimal angioplasty
results and as a primary intervention for atherosclerotic
lesions and particularly ostial lesions with better immedi-
ate and long-term results than with balloon angioplasty

16-21 . P .
pe-2n Despite many reports of clinical success in

alone
selected and carefully chosen patient groups, the enthu-
siasm for widespread treatment of mild or moderate
renovascular disease has waned. Recent published data
from the Angioplasty and Stenting for Renal Artery Le-
sions (ASTRAL) trial, in which patients were randomized
to revascularization »s continued medical therapy alone,
did not show a clear benefit of renal revascularization, al-
though its design and conclusions have been criticized™.
We designed this study to evaluate the short and interme-
diate term outcome of PTRA and stenting particularly
on blood pressure (BP) control and renal function and to
evaluate predictors of poor BP response after successful

PTRA and stenting;

MATERIALS AND METHODS
Study population

This study was carried out in the Department of Cardi-
ology, UN Mehta Institute of Cardiology and Research,
from August 2010 to September 2012. This institute
is tertiary care center situated in Ahmedabad, Gujarat,

India. A total number of 86 patients were underwent
PTRA and renal stenting with following inclusion criteria:
(1) significant renal artery stenosis (70% or more steno-
sis); (2) onset of hypertension before 30 years and after
55 years; (3) exacerbation of previously well controlled
hypertension; (4) malignant hypertension and Refractory
hypertension; (5) azotemia shortly after institution of
therapy with ACE inhibitors or ARB blockers; (6) hyper-
tension and atrophic kidney or discrepancy in kidney size
(> 1.5 cm); (7) hypertension and recurrent episodes of
acute pulmonary edema or unexplained heart failure; (8)
hypertension and systolic-diastolic abdominal bruit that
laterlise to one side; and (9) hypertension and progressive
unexplained azotemia. The exclusion criteria were: (1)
serum creatine value > 3 mg/dL; (2) small kidney; and (3)
total renal artery occlusion.

Informed written consent was obtained from all pa-
tients before treatment. This study conducted in accor-
dance with the International Conference on Harmoniza-
tion guidelines Good Clinical Practices, Declaration of
Helsinki, and medical ethics committee requirements.

All patients’ systolic BP, diastolic BP, serum creatinine
and GFR were measured at baseline, 1 mo and 6 mo
respectively. The BP was measured in supine position in
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Table 1 Baseline characteristics of study population: Clinical,

laboratory and imaging data 7 (%)

Variables n =86
Male gender 67 (77.9)
Age (yr) 55.87 +11.85
Background diseases
Stage-1 (malignant) hypertension 14 (16.3)
Stage-2 hypertension 65 (75.6)
Diabetes mellitus 34 (39.5)
Smoking 61 (70.9)
Clinical features of left ventricular dysfunction 23 (26.7)
Left ventricular hypertrophy 29 (33.7)
Coronary artery disease 72 (83.7)
Blood pressure
Systolic (mmHg) 170.15 + 20.10
Diastolic (mmHg) 98.38 £10.55
Antihypertensive drugs (1) 3.07 £ 0.69
Indication criteria
Hypertension resistant to standard medication 71 (82.6)
Renal bruit 53 (61.6)
Serum creatinine (mg/dL) 20 (23.3)
Stenosis
Bilateral 23 (26.7)
Coronary angiography
Single vessel disease 25(29.1)
Double vessel disease 14 (16.3)
Triple vessel disease 28 (32.6)
Normal vessel 19 (22.1)

Values are presented as percentage (%) and mean + SD.

both upper limbs and lower limbs with mercury manom-
eter with standard cuff size after adequate rest. Patients
were not allowed to have tea, coffee, smoking and alcohol
1 h prior to procedure. Patients were allowed to continue
their antihypertensive medicines. Patients were on pri-
marily b blocker, diuretics, ace inhibitors/ARB or calcium
channel blockets.

Procedure

All patients who underwent PTRA and stenting received
anticoagulation as per hospital protocol. Selective angi-
ography was done to confirm at least 70% angiographic
stenosis. PTRA was performed with either 6/7 F RDC or
JR 3.5 guiding catheter and work hoarse guidewire. The
predilatation done except few cases with critical stenosis,
direct stenting was done in the rest of cases. Post dila-
tion was done if required. The study included bare metal
stent (BMS) of 12, 15, and 18 mm lengths with diameters
ranging from 4 to 7 mm.

All patients received aspirin 325 mg orally, and clopi-
dogrel 300 mg orally within 24 h before the procedure.
Heparin was used as the procedural anticoagulant agent.
Optimal results with TIMI-II flow obtained in all cases.
Following stent placement, aspirin 150 mg orally once
daily was continued for a minimum of 12 mo and clopi-
dogrel 75 mg orally once daily for at least 4 wk.

Statistical analysis
All collected data entered into the “IBM SPSS STAIST-
ICS version 20”. The quantitative data expressed as mean
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Table 2 Blood pressure, antihypertensive medication, serum

creatinine and glomerular filtration rate initial vs follow-up
measurements

Time of follow-up mean + SD P value
Systolic blood pressure (mmHg) 170.15 + 20.10 <0.0001
Baseline
1 mo 146.60 +17.32
6 mo 144.23 +18.19
Diastolic blood pressure (mmHg) 98.38 +10.55 <0.0001
Baseline
1 mo 89.88 +£9.22
6 mo 88.26 £9.79
Antihypertensive drugs (1) 3.07 £0.69 <0.0001
Baseline
1 mo 237 +£0.84
6 mo 2.25+0.94
Serum creatinine (mg/dL) 1.21+0.66 0.964
Baseline
48h 1.29+0.88
1 mo 1.33+1.27
6 mo 1.21+0.79
GEFR estimation (mL/min) 65.71 + 25.20 0.546
Baseline
6 mo 66.68 +25.03

Values are presented as mean * SD, P value compares baseline to 6 mo.
GFR: Glomerular filtration rate.

and standard deviation (SD) where qualitative data ex-
pressed in percentage (%0). The independent and depen-
dent student’s ~test have been used to carry out signifi-
cant changes in paired and non-paired quantitative data.
Also, ){2 and Fisher exact test have been used to carry out
significant change in qualitative data. The P value < 0.05
consider as a statistically significant. All statistically signif-
icant variables taken for univatiate binary logistic regres-
sion and for univariate significant variables entered into
multiple step wise logistic regression for further analysis
of the variables.

RESULTS

Out of 86 patients, 6 patients were lost follow-up and 5
patients developed non procedural related mortality in
follow-up. All baseline characteristics of study population
were shown in Table 1. The BP, antihypertensive medica-
tion, serum creatinine and GFR data compared at pre-
procedure and follow-up period in Table 2. There was no
procedure related mortality. Two patients had local vas-
cular complications which were managed conservatively.
Out of 86 patients, 83 patients had atherosclerosis RAS
and 3 patients takayasu arteritis.

The mean systolic BP was reduced from 170.15 £
20.10 to 146.60 * 17.32 mmHg and diastolic BP from
98.38 £ 10.55 to 89.88 * 9.22 mmHg at one mo follow-
up. This significant reduction in BP after PTRA was
maintained at 6 mo follow up of 144.23 £ 18.19 systolic
and 88.26 = 9.79 diastolic BP respectively (Table 1).
There was a statistically significant reduction in systolic
BP compared to pre-intervention (paired ¢ test: P <
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Table 3 Levels of sIL-2R, alanine aminotransferase, and

hepatitis B virus DNA in the sera of patients with chronic
HBYV infection (mean + SD)

Table 4 Clinical features of resistant hypertensive group:

Responsive vs unresponsive to percutaneous transluminal
renal artery n (%)

Group' n mean + SD P value

Age (yr) 0.51
A 26 56.81 +13.87
B 49 54.80 +11.55

Initial systolic BP (mmHg) 0.01
A 26 179.31 +20.32
B 49 166.00 +18.76

Initial diastolic BP (mmHg) 0.04
A 26 101.92 +10.90
B 49 96.79 +10.14

Initial mean BP (mmHg) 0.01
A 26 141.00 £17.73
B 49 129.00 +16.76

No. of medications 0.01
A 26 3.26£0.77
B 49 2.87 £0.57

Creatinine (mg/dL) 0.07
A 26 1.38 £0.48
B 49 1.11 £ 0.66

Diameter of stent 0.23
A 26 5.76 £ 0.94
B 49 6.05+0.98

Percent of renal artery stenosis (RAS) 0.05
A 26 87.65+7.71
B 49 83.79 +8.40

GFR (mL/min) 0.01
A 26 54.03 +24.22
B 49 72.97 2543

Duration of HT (yr) 0.55
A 26 4.00 +3.96
B 49 3.40+3.32

Values are presented as mean + SD. 'Group A: Patients who did not show
blood pressure reduction after percutaneous transluminal renal artery
(PTRA) (26 patients); group B: Patients who showed blood pressure reduc-
tion after PTRA (49 patients). HT: Hormone Therapy; BP: Blood pressure;
GFR: Glomerular filtration rate.

0.0001). The 65.33% of patients showed reduction in BP.
There was no difference in the magnitude of systolic BP
response among patients treated for bilateral RAS com-
pared with those treated for unilateral RAS.

Mean intake of total number of medicines at baseline
was 3.07 £ 0.69. At 1 mo follow-up, number of medi-
cines reduced to 2.37 £ 0.84 and at 6 mo to 2.25 = 0.94.
There was statistically significant reduction in mean num-
ber of medicines intake (P < 0.0001).

At baseline, mean serum creatinine value was 1.21 &
0.66 mg/dL. After PTRA and stenting, at 48 h there was
mild elevation in serum creatinine to 1.29 £ 0.88 mg/dL.
At 1 mo of follow up, serum creatinine was 1.33 + 1.27
mg/dL and at 6 mo was 1.21 £ 0.79 mg/dL. There was
no statistically significant difference in serum creatinine
value after PTRA. At baseline mean GFR was 65.71 &
25.20 mL/min. After PTRA and stenting at 6 mo of fol-
low up, GFR was 66.68 + 25.03 mL/min. There was no
statistically significant difference in GFR at follow up
after PTRA and stenting (Table 1).

PTRA and stenting to renal artery significantly lowers
BP and mean number of drug intake but not cause signif-
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Group A Group B Pvalue
n=26 n=49

Male gender 24 (92.3) 33 (67.3) 0.016
Smoker 22 (84.6) 33 (67.4) 0.1
Ischemic heart 21 (80.8) 35 (71.4) 0.376
disease
Diabetes mellitus 8 (30.8) 19 (38.8) 0.49
C/fof LVF 5(19.2) 11 (22.4) 0.746
Smoking 22 (84.6) 33 (67.4) 0.1
Renal bruit 20 (76.9) 29 (59.2) 0.124
Refractory HT 23 (88.5) 37 (75.5) 0.182
LVH 14 (53.9) 14 (28.6) 0.031
LAD 19 (73.1) 34 (69.4) 0.733
TVD 12 (46.2) 13 (26.5) 0.08

Renal artery stenosis Unilateral RAS 15 (57.7) 40 (81.6) 0.026

(unilat s bilat) Bilateral RAS 11 (423) 9(184)

LMCA disease Absent 23 (88.5) 47 (95.9) 0.218
Present 3(11.5) 2(41)

Group A: Patients who did not show blood pressure reduction after per-
cutaneous transluminal renal artery (PTRA) (26 patients); and group B:
Patients who showed blood pressure reduction after PTRA (49 patients).
HT: Hormone therapy; LVH: Left ventricular hypertrophy; TVD: Triple
vessel disease; LAD: Left anterior descending; LVF: Left ventricular func-
tion; RAS: Renal artery stenosis; LMCA: Left main coronary artery.

icantly reduction in serum creatinine or change in GFR.

Prediction of BP reduction after PTRA among resistant
hypertensive patients

In order to evaluate predictors of poor BP reduction af-
ter successful PTRA and stenting, we divided 75 patients
into two groups: group A, the non-responsive group,
which included patients without significant BP reduction
after PTRA (26 patients), and group B, the responsive
group, which included patients who showed significant
BP reduction followed PTRA (49 patients) (BP reduction
< 140/90 mmHg with or without drugs was considered
significant reduction).

Higher baseline systolic and diastolic BP (number
value < 0.01 and < 0.04, respectively) and higher mean
intake of no. of medications (P value < 0.01) for control
of BP was associated with poor response of BP control
after successful PTRA and stenting. Non-responsive
group associated with higher mean baseline serum cre-
atinine (1.38 mg/dL »s 1.11 mg/dL) but not statistically
significant (P = 0.07). But baseline low GFR < 60 mL/
min was associated with poor response after PTRA and
stenting (P < 0.01). Higher initial % of RAS was also as-
sociated with poor response (P = 0.05). Between these
groups, neither duration of Hormone Therapy nor diam-
eter of stent used was significantly different (Table 3).

Clinical features in the resistant hypertensive group

Comparing various characteristics between both groups
reveals male sex (P = 0.016), left ventricular hypertrophy
(P = 0.031), presence of triple vessel disease (P = 0.08)
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Table 5 Multivariate analysis: The independent predictors for

poor blood pressure response after percutaneous transluminal
renal artery

Variables Univariate = Multivariate analysis 95%Cl
P value Pvalue B Exp B
Male sex 0.02 0.046 1.797 6.032 1.028-35.380
High mean SBP 0.01 NS
High mean DBP 0.05 NS
High mean BP 0.09 0.013 -0.044 0.957 0.925-0.991
Low GFR 0.01 0.015 1377 3.965 1.308-12.020
(< 60 mL/min)
LVH 0.03 NS
Drugs (n) 0.01 NS
Bilateral vs 0.02 NS
unilateral RAS
Percent of stenosis 0.06 NS
Presence of TVD 0.09 NS
Constant 2.365 10.65

TVD: Triple vessel disease; BP: Blood pressure; RAS: Renal artery stenosis;
GFR: Glomerular filtration rate; LVH: Left ventricular hypertrophy; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; NS: Not significant.

and presence of bilateral RAS (P = 0.026) were associated
with poor outcome after PTRA and stenting (Table 4).

DISCUSSION

In the current study we demonstrated that in patients
with significant RAS, PTRA improved BP control and de-
creased mean number of drug intake significantly and this
improvement was maintained during the entire follow-up
period of 6 mo. PTRA and stenting did not cause sig-
nificant improvement in renal function (P value for both
serum creatine and GFR was not significant).

In recent years, role of PTRA and stenting in manage-
ment of RAS has been questioned. In the early 1980s the
concept was that revascularization of the stenotic athero-
sclerotic renal artery will salvage the ischemic kidney and
will cure hypertensionmj. Revascularization methods and
medication have improved considerably over the past 20
years and the aims of managing patients with atheroscle-
rotic renal artery stenosis (ARAS) have progressed from
focusing on BP control to stabilizing renal function and
finally to preventing clinical events. However, as the pro-
cedure became broadly applied during the 1990s mixed
results emerged. Some patients showed major benefit
after PTRA, while others experienced further deteriora-
tion of renal function and major morbidityml. Today it is
acknowledged that ARAS is a complex clinical entity that
ranges from asymptomatic disease discovered incidentally
on imaging to high grade bilateral disease complicated
by recurrent pulmonary edema, severe hypertension, and
progressive renal failure. RAS is generally associated with
high incidence of associated CAD and target organ dam-
age. Mortality in these patients is high and mostly related
to cardiovascular events regardless of whether renal revas-
cularization was performed™.

In recent years several controlled trials were designed
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to evaluate the effectiveness of PTRA »s medical treat-
ment in patients with severe ARAS. The DRASTIC study
included a cohort of 106 hypertensive subjects with
ARAS. The patients were randomly assigned to revascu-
larization or medical treatment, but after 12 mo of follow-
up no difference in BP control or renal function was dem-
onstrated between the groups”. The STAR study, which
included 140 patients with creatinine clearance < 80 mL/
min per 1.73 m” and ARAS = 50%, also failed to show
benefit of the invasive approach »s medical treatment” .

The largest randomized trial, the ASTRAL study, com-
pating revasculatization to medical treatment for ARAS,
examined 806 subjects who were followed for 5 years.
This study concluded that revascularization for ARAS has
more risk than benefit™. But important limitation of the
trial was the selected population. Patients were enrolled
in the trial only if their own physician was uncertain as
to whether revascularization would provide a worthwhile
clinical benefit. Patients with symptomatic ARAS such as
uncontrolled hypertension despite optimal medical treat-
ment, or with recurrent episodes of flush pulmonary ede-
ma were not included in the study™. This study is at the
top of the list with ASTRAL, raised considerable debate
regarding the management of patients with ARAS. The
main claim of the ASTRAL critics was that the success of
PTRA for ARAS is strongly dependent on the selection
of the right patients for this procedure.

In our study, we found PTRA and stenting associated
with significant improvement in BP control with reduced
mean intake of drugs without improvement in renal func-
tion. We also sought predictors of poor BP control after
successful PTRA and stenting,

The predictors of poor response to BP control after
PTRA and stenting by univariate analysis were male sex,
high baseline systolic, diastolic and mean BP, low GFR ,
presence of LVH, high baseline mean intake of number
of drugs, presence of bilateral stenosis, higher angio-
graphic % diameter of stenosis and presence of TVD.
But on multivariate analysis; the independent predictors
for poor BP response after PTRA were male sex (P =
0.046), higher baseline mean BP (P = 0.013) and low
GFR (< 60 mL/min) (P = 0.015) (Table 5).

Patients with poor BP response (34.66%) may be
considered for renal sympathetic denervation therapy.
As eatly studies in animals and in humans suggested that
the renal nerves play a role in BP regulation. A series of
pilot studies as well as a clinical trial (symplicity HTN-2)
involving patients with uncontrolled hypertension then
showed that a catheter-based system can safely denervate
the kidney and produce notable and sustained reductions
in BP. Ongoing symplicity HTN-3: Renal Denervation in
Patients With Uncontrolled Hypertension trial will help
us to establish whether therapeutic renal denervation
using a catheter-based approach is a safe and effective
therapy for patients with uncontrolled hypertension.

Study limitations
Given that the majority of patients were Asian, the find-
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ings in our trial may not be generalized among other
ethnic and racial populations. Another limitation of this
study is that we have not used any emboli protection de-
vice. As atheroembolism is major concern in percutane-
ous intervention of renal artery and associated with dif-
ferent degree of renal impairment. Atheroembolism may
impair outcome of PTRA and stenting particularly on
renal function. Use of distal embolic protection device
may be associated with improved outcome. We have not
used FFR to evaluate lesion severity in our study. FFR
can predict individual response to renal artery stenting
and improve outcome of PTRA and stenting;

In conclusion, considering the results of our study and
previous works it appears that the main effect of renal ar-
tery revascularization in ARAS is on BP control in patients
with resistant hypertension, with minimal influence on
renal function. Male sex, higher baseline BP and low GFR
(< 60 mL/min) are associated with poor BP response after
successful PTRA and stenting, Further studies with emboli
protection devices and FFR to assess sevetity of lesion may
be helpful to validate this observation.
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