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Abstract
Objectives There have been limited data regarding the
prediction of cardiac benefits after renal artery stenting
for patients with atherosclerotic renal artery disease
(ARAD). The aim of this multicentre retrospective study
was to identify clinical or echocardiographic factors
associated with improvements of cardiac symptoms after
renal artery stenting.
Methods We enrolled 58 patients with de novo ARAD
undergoing successful renal artery stenting for heart
failure, angina or both between January 2000 and
August 2015 at 13 hospitals.
Results Improvement of cardiac symptoms was
observed in 86.2% of patients during a mean followup of 6.0±2.7 months. Responders demonstrated
significantly lower New York Heart Association
functional class, higher estimated glomerular filtration
rate, lower serum creatinine and lower interventricular
septal wall thickness (IVS), lower left ventricular mass
index, lower left atrial dimension and lower E-velocity
than non-responders. Backward stepwise multivariate
analysis identified IVS as an independent predictor of
improvement of cardiac symptoms (OR 0.451, 95% CI
0.209 to 0.976; p=0.043). According to receiver
operating characteristic curve analysis, an IVS cut-off
of 11.9 mm provided the best predictive value, with
sensitivity of 71.4%, specificity of 75.5% and accuracy of
73.5%. The positive predictive value was 74.5% and the
negative predictive value was 72.5%.
Conclusions This multicentre retrospective study
shows that the echocardiographic index of IVS is an
independent predictor for improvement of cardiac
symptoms after renal artery stenting.
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Cardiac disorders related to atherosclerotic renal
artery disease (ARAD) are an important clinical
entity in the field of cardiovascular medicine.1–3
Although recent prospective randomised studies
failed to demonstrate the advantage of renal
artery stenting over medical therapy in terms of
controlling blood pressure and renal function
and preventing cardiovascular events, it is not
possible to enrol patients with fluctuating clinical
conditions, who are most likely to benefit from
renal artery stenting, in randomised studies.4 In
the most updated statement,5 cardiac disorders
such as heart failure and unstable angina are categorised as appropriate clinical indications for
renal revascularisation. The aim of this study was

therefore to identify predictors of cardiac benefits
after renal artery stenting.

Methods

The PREMIERE registry (Predictors of Cardiac
Benefits of Renal Artery Stenting from A Multicenter Retrospective Registry) is a multicentre
retrospective registry consisting of patients with
de novo ARAD who underwent successful renal
artery stenting for the control of heart failure,
angina or both between January 2000 and August
2015 at 13 vascular centres in Japan. The diagnosis of heart failure and angina pectoris was
based on the physician’s clinical judgement with
reference to criteria in the Framingham study and
the previous guidelines.6 7 Renal artery stenting
was performed according to standard procedures.
All patients received dual antiplatelet therapy
before the procedure. The choice of stent type and
route of vascular access was left to the individual
operator’s discretion. Follow-up examinations,
which included evaluation of clinical symptoms
and blood pressure, blood testing and echocardiography, were conducted before discharge and
within 12 months.
Subjects were categorised as responders or
non-responders. Responders were defined as
patients demonstrating improved cardiac symptoms during the follow-up period, such as
achieving a lower New York Heart Association
(NYHA) functional class and no re-hospitalisation
for heart failure, angina or both. Non-responders
were defined as patients showing no improvement
of cardiac symptoms. The institutional review
boards in each institute approved the study.

Clinical and echocardiographic parameters

The preinterventional clinical and echocardiographic variables of enrolled patients were retrospectively reviewed at each institution. Clinical
variables including risk factors, concomitant
vascular disease, NYHA class, blood pressure,
renal function and B-type natriuretic peptide
(BNP) were abstracted. The echocardiographic
data included the left ventricular dimension in
diastole and systole, interventricular septal wall
thickness (IVS), posterior wall thickness (PWT),
left ventricular mass index (LVMI), left atrial
dimension (LAD), left ventricular ejection fraction, peak early diastolic mitral inflow velocity
(E-velocity), peak early diastolic mitral annular
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Sample size determination

Assumptions for sample size calculations were based on
previous studies of the effect of renal artery stenting on angina
or heart failure.10 11 Forty patients were needed with the
assumption of a 10% drop out. This sample size would allow
75% effectiveness of renal artery stenting to be detected by
a two-sided exact test for one proportion with power 0.9 and
α=0.05 using PASS 14 (NCSS, Kaysville, Utah, USA).

Statistical analysis

Data are expressed as mean±SD or number (%). Categorical
data were compared using the χ2 test or Fisher exact test. Differences between the two independent cohorts were evaluated
with the Student t-test or Welch t-test for parametric continuous variables or the Mann–Whitney test for non-parametric
continuous variables. Normality for distributions of continuous variables was determined using the Shapiro–Wilk test.
Changes in blood pressure and renal function were assessed
using one-way repeated analysis of variance with Bonferroni's
post hoc test or Friedman test. All variables tested in univariate
analysis with p<0.15 were included in a multivariate logistic
regression analysis with backward stepwise selection. Considering the correlations between estimated glomerular filtration
rate (eGFR) and serum creatinine and between E-velocity and
E/e′, serum creatinine and E-velocity were excluded from the
multivariate model to avoid multicollinearity using variation
inflation factors. p<0.05 was considered significant. Statistical
analysis was performed with SPSS Version 22 (SPSS, Chicago,
Illinois, USA).

Results
Clinical and echocardiographic characteristics

Fifty-eight patients were enrolled in the registry. The baseline clinical characteristics of the study subjects are shown in
table 1. The average age was 74.4±10.2 years (range 47–90
years). The most common atherosclerotic risk factor was
hypertension. As for concomitant atherosclerotic disease,
coronary artery disease was most frequent, followed by
peripheral artery disease. Bilateral ARAD undergoing bilateral
renal artery stenting was observed in 20.7%. Baseline echocardiographic characteristics are shown in table 2. The ejection fraction was 54.3±13.7% and E-velocity/e′-velocity in
the septal wall was 18.6±8.1, suggesting preservation of left
ventricular systolic function and impairment of left ventricular
diastolic function.

Responders versus non-responders

During the mean follow-up time of 6.0±2.7 months (range 1–12
months), systolic and diastolic blood pressure significantly
decreased whereas the number of antihypertensive agents and
renal function remained unchanged (table 3). With respect to
cardiac benefits, 50 patients (86.2%) were responders and 8
(13.8%) were non-responders. Comparisons of clinical variables between responders and non-responders are shown in
table 4. Responders demonstrated significantly lower NYHA
functional class, higher eGFR and lower serum creatinine than
non-responders. Comparisons of echocardiographic variables
2

Table 1

Baseline clinical characteristics

Patients, n

58

Age, years

74.4±10.2

Men, n (%)

33 (56.9%)

Hypertension, n (%)

57 (98.3%)

Diabetes mellitus, n (%)

21 (36.2%)

Dyslipidaemia, n (%)

41 (70.7%)

History of smoking, n (%)

28 (48.3%)

Coronary artery disease, n (%)

45 (77.6%)

Peripheral artery disease, n (%)

23 (39.7%)

Cerebrovascular disease, n (%)

10 (17.2%)

Bilateral disease, n (%)

12 (20.7%)

NYHA functional class

2.5±1.0

Antihypertensive medicine, n

2.8±1.3

Systolic blood pressure (mm Hg)

146.5±23.5

Diastolic blood pressure (mm Hg)

73.4±13.2

Serum creatinine (mg/dL)

1.38±0.72

eGFR (mL/min/1.73 m2)

43.4±19.9

BNP

451.9±536.5

log BNP

2.36±0.55

BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; NYHA, New
York Heart Association.

between responders and non-responders are shown in table 5.
Responders showed significantly lower IVS, LVMI, LAD and
E-velocity than responders. The IVS:PWT ratio was numerically lower in responders than in non-responders (0.99 vs
1.10, p=0.221), but the difference was not significant. Backward stepwise multivariate analysis using these variables with
p<0.15 (hypertension, diabetes mellitus, NYHA class, eGFR,
IVS, LVMI, LAD and E/e′) identified a cardiac parameter, IVS,
as the only independent predictor of improvement in cardiac
symptoms (OR 0.451, 95% CI 0.209 to 0.976; p=0.043), and
both eGFR (p=0.070) and E/e′ (p=0.097) were not significant
in the final step of the analysis.

Receiver operating characteristic curve analysis

A receiver operating characteristic (ROC) curve, illustrating
the accuracy of IVS for predicting the improvement of cardiac
symptoms, is shown in figure 1. The area under the ROC
curve was 0.819 (95% CI 0.683 to 0.956; p=0.007). An IVS
cut-off value of 11.9 mm provided the best predictive value
with sensitivity of 71.4%, specificity of 75.5% and accuracy
of 73.5%. The positive predictive value was 74.5% and the
negative predictive value was 72.5%.

Table 2

Baseline echocardiographic characteristics

Left ventricular dimension in diastole (mm)

48.6±8.2

Left ventricular dimension in systole (mm)

34.6±9.6

Interventricular septal wall thickness (mm)

10.8±1.9

Posterior wall thickness (mm)

10.9±1.6

Interventricular septal wall thickness/posterior wall thickness

1.00±0.14

Left ventricular mass index (g/m2)

132±37

Left atrial dimension (mm)

40.1±8.2

Left ventricular ejection fraction (%)

54.3±13.7

E-velocity (cm/s)

84.4±29.9

e′-velocity (cm/s)

4.7±1.4

E/e′

18.6±8.1
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velocity in the septum (e′-velocity), and E/e′ ratio. LVMI was
calculated as left ventricular mass (LVM)/body surface area
(BSA). LVM was calculated using the modified Devereux
formula.8 BSA was calculated using the formula of Du Bois
and Du Bois.9
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Pre

Post

Follow-up p Value

Systolic blood pressure
(mm Hg)

148±23

131±19*

132±19*

Diastolic blood pressure
(mm Hg)

75±13

Table 5 Comparison of echocardiographic variables between
responders and non-responders

<0.001

Responders
(n=50)

Non-responders
(n=8)

p Value

48.0±8.5

52.4±5.2

0.186

70±11

68±11†

0.03

Left ventricular dimension in
diastole (mm)

36.3±5.0

0.436

2.8±1.4

2.7±1.3

0.767

Left ventricular dimension in
systole (mm)

34.4±10.1

No of antihypertensive agents 2.7±1.3
Serum creatinine (mg/dL)

1.36±0.71

1.38±0.83

1.38±0.71

0.937

12.4±1.3

0.005

44±20

45±21

44±19

0.864

Interventricular septal wall
thickness (mm)

10.6±1.9

eGFR (mL/min/1.73 m2)
*p<0.001 versus pre.
†p<0.05 versus pre.

Discussion

Given an increasing awareness of the relationship between
ARAD and cardiac disorders and the effects of renal artery
stenting on cardiac disorders,1 the present study investigated
predictors of improvement of cardiac symptoms after renal
artery stenting in patients with ARAD. The main findings of
this study were as follows: (1) 86.2% of the patients were
responders; (2) in univariate analysis, NYHA functional class,
renal function (eGFR and serum creatinine) and four echocardiographic indices (IVS, LVMI, LAD and E-velocity) were
significantly associated with improvement of cardiac symptoms; (3) multivariate analysis showed IVS to be the strongest
independent predictor of improvement in cardiac symptoms;
and (4) an IVS of 11.9 mm best predicted improvement of
cardiac symptoms, with a sensitivity of 71.4%, specificity of
75.5%, and accuracy of 73.5% in ROC curve analysis.
There is discordance between the very high (>95%) procedural success rate for renal revascularisation and the moderate
(60–70%) clinical response rate for the treatment of hypertension and renal failure.12 Previous investigators identified
several predictors of improvement in blood pressure and renal
function. Predictors of blood pressure improvement include
baseline systolic or mean blood pressure, renal parenchymal
thickness, number of antihypertensive agents, bilateral disease,

Posterior wall thickness (mm)

10.8±1.6

11.4±1.5

0.271

Interventricular septal wall
thickness/posterior wall
thickness

0.99±0.13

1.10±0.19

0.221

Left ventricular mass index (g/
m2)

128.2±36.8

159.0±28.5

0.025

Left atrial dimension (mm)

39.5±8.4

45.0±3.9

0.04

Left ventricular ejection fraction
(%)

54.1±14.2

55.7±9.9

0.892

E-velocity (cm/s)

79.7±25.3

115.7±40.8

0.002

e′-velocity (cm/s)

4.7±1.4

4.7±1.4

0.815

E/e′

17.6±7.2

24.0±11.1

0.125

renal fractional flow reserve, BNP, translesional pressure
gradient and renal frame count. Predictors of renal function
improvement include baseline serum creatinine, percentage
diameter stenosis, rapid increase in serum creatinine, bilateral
revascularisation and left ventricular function.13–24 These findings suggest that factors predicting a better response after renal
revascularisation are distinct for different target endpoints.
However, there is a paucity of data regarding the prediction of
cardiac benefits after renal artery stenting.
Sutters et al and Pickering et al initially reported the
cardiac benefits of balloon renal angioplasty approximately
three decades ago.25 26 In the stent era, Khosla et al reported
that cardiac symptoms improved by 24 hours after renal
artery stenting in 88% of patients, and clinical benefits

Table 4 Comparison of clinical variables between responders and
non-responders
Nonresponders
Responders (n=50) (n=8)

p Value

Age, years

73.7±10.7

79.1±4.3

0.242

Men, n (%)

28 (56.0%)

6 (62.5%)

0.685

Hypertension, n (%)

50 (100%)

7 (87.5%)

0.138

Diabetes mellitus, n (%)

16 (32.0%)

5 (62.5%)

0.124

Dyslipidaemia, n (%)

34 (68.0%)

7 (87.5%)

0.415

History of smoking, n (%)

23 (46.0%)

5 (62.5%)

0.464

Coronary artery disease, n (%)

39 (78.0%)

6 (75.0%)

1

Peripheral artery disease, n (%)

19 (38.0%)

4 (50.0%)

0.7

Cerebrovascular disease, n (%)

8 (16.0%)

2 (25.0%)

0.419

Bilateral disease, n (%)

12 (24.0%)

0 (0%)

0.185

NYHA functional class

2.4±0.9

3.3±1.2

0.035

Antihypertensive medicine, n

2.7±1.3

3.3±1.8

0.322

Systolic blood pressure (mm Hg)

146.3±24.9

148.3±13.2

0.827

Diastolic blood pressure (mm Hg)

74.2±13.3

68.5±12.0

0.261

eGFR (mL/min/1.73 m2)

46.3±19.5

25.4±11.6

0.005

Serum creatinine (mg/dL)

1.26±0.62

2.17±0.86

<0.001

log BNP

2.33±0.56

2.68±0.35

0.178
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Figure 1 Receiver operator characteristic curve for interventricular
septal wall thickness (IVS); a cut-off of 11.9 mm best predicted the
improvement of cardiac symptoms.
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Table 3 Blood pressure and renal function before and after renal
artery stenting
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Conclusions

In this multicentre retrospective study, IVS was independently
associated with improvement in cardiac symptoms after renal
artery stenting although a large prospective study is needed
to confirm the clinical significance of assessment of cardiac
function in patients with ARAD.
4

Key messages
What is already known about this subject?
According to the most updated statement, cardiac disorders
are categorised as appropriate clinical indications for renal
revascularisation. Also, the response rate of renal artery stenting
for cardiac disorders is in the range of 72.0–88.0%.
What does this study add?
This study reported the performance of echocardiographic
indices for predicting cardiac benefits after renal artery stenting.
An interventricular septal wall thickness cut-off of 11.9 mm
provided the best predictive value, with a sensitivity of 71.4%,
specificity of 75.5% and accuracy of 73.5%. The positive
predictive value was 74.5% and the negative predictive value
was 72.5%.
How might this impact on clinical practice?
This might increase awareness of the importance of cardiac
function assessment in the management of atherosclerotic renal
artery disease.
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