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Abstract
Background: In the patients with severe atherosclerotic renal artery stenosis (ARAS), the evaluation of long-term
clinical outcome after percutaneous transluminal renal angioplasty (PTRA) has yet been insufficient. The aim of this
study was to focus on only patients with severe ARAS and to evaluate the more long-term clinical outcome after PTRA.
Methods: We performed a single-center retrospective review of the outcome after PTRA. All eligible patients had ARAS
of ≥ 75% by catheter renal angiography and underwent PTRA in our hospital from July 2004 to December 2007. We
investigated long-term changes of renal function and the other clinical outcomes in patients with severe ARAS.
Results: The median follow-up period was 83 months. The overall mean stenosis rate was 87%. There were 24 patients
with 75 ≤ and < 90%, 38 patients with 90 ≤ and < 95%, and 12 patients with ≥ 95% stenosis. Serum creatinine(S-Cr)
levels were from 1.27 ± 0.68 at baseline to 1.33 ± 0.65 mg/dl at 84 months after PTRA in overall (p = 0.255). The renal
size was also preserved for long-term in overall. Although serum creatinine level in patients with renal major axis < 85 mm
at PTRA significantly increased (p < 0.05) after 60 months post PTRA, it did not worsen in patients with renal major axis
more than 85 mm during observational period. The number of anti-hypertension drugs decreased from baseline (p = 0.
0037), and both systolic and diastolic blood pressure significantly decreased (p < 0.001) after PTRA. Finally, 4 patients had
renal death, and 14 patients died. Overall survival for 60 months was 85%.
Conclusions: We demonstrated that PTRA for patients with severe ARAS significantly decreased blood pressure, and
preserved renal function and renal size for long term.
Trial registration: This study was admitted by Tokushukai Group Institutional Review Board.
(IRB no. TGE00532-024)
Keywords: Atherosclerotic renal artery stenosis (ARAS), Percutaneous transluminal renal angioplasty (PTRA), Renal outcome,
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Background
Some studies [1–4] have shown that PTRA improves renal
function in patients with renal artery stenosis. However,
current treatment of atherosclerotic renal artery stenosis
(ARAS) has shifted towards medical therapy. In patients
with ARAS, PTRA was concluded to be not superior to
medical therapy for preserving renal function and improving the renal death rate and cardiovascular event rate
based on the results of two multicenter randomized intervention trials (The Angioplasty and Stenting for Renal Artery Lesions (ASTRAL) study [5] and The Cardiovascular
Outcomes in Renal Atherosclerotic Lesions (CORAL)
study [6]). However, almost 40% of the renal arteries
treated by PTRA had only mild stenosis (< 70%) in the
ASTRAL study. In addition, the severity of RAS in some
patients was evaluated by only Doppler echo or MRA (no
angiographic evaluation). Furthermore, only 10% of the
patients were followed for 60 months in the CORAL
study. The median periods and median stenosis rate were
33.6 months, 75% and 43 months, 67% in ASTRAL and
CORAL study, respectively.
Considering such problems with the preceding multicenter randomized trials, it should not necessarily be
concluded that PTRA is not superior to medical therapy
for ARAS for long-term. In a recent prospective interventional study (Japan multi-central Renal Artery Stent
study) [7], the renal outcome and blood pressure control
were reported to be good in ARAS patients with severe
stenosis who underwent PTRA. However, the observation period of this study was only 1 year.
Our study evaluated the long-term clinical outcome
only in patients with severe ARAS who underwent
PTRA. The aim of this study was to focus on only patients with severe ARAS and evaluate the more longterm clinical outcomes after PTRA.
Methods
Study design and patients

This was a single-center retrospective cohort study of
patients who underwent PTRA (balloon dilation and
stent placement) at Shonan Kamakura General Hospital
from July 2004 to December 2007. Patients were
followed up to the end of April 2015 and collected information about serum creatinine, renal death, heart failure,
cardiac death, and all-cause death from the electronic
medical records. This study was approved by local ethical committee (IRB no. TGE00532-024).
Patients with clinical findings such as uncontrolled refractory hypertension, renal dysfunction, and heart failure were screened by Doppler ultrasound and/or
magnetic resonance imaging of the renal artery to detect
ARAS. Patients with angina pectoris or myocardial infarction were also screened by using the same methods
in consideration of the high prevalence of systemic
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atherosclerotic disease. At the time of coronary angiography, renal angiography was concomitantly done in patients who had been suspected to have ARAS. The
diagnostic angiography and therapeutic catheter intervention were done separately. Quantitative computerassisted angiography (on-line quantitative coronary analysis system on Philips H5000: Philips Co., Ltd., Tokyo,
Japan) was used to measure the degree of stenosis and
was evaluated by two independent cardiologists to reduce mistake of evaluating the extent of renal stenosis.
Based on the renal angiographic findings, PTRA was indicated for renal artery stenosis ≥ 75%. PALMAZ® stent
and renal protect devices were used in all patients. In
patients with bilateral ARAS with ≥ 75% stenosis, PTRA
was done for both stenotic arteries, separately. Patients
with technical failure (defined as > 25% residual stenosis
on final angiography after intervention) and patients
who were lost to follow-up within 12 months were excluded from analysis. This study included the patients
who died or showed complications or renal death within
12 months after PTRA.
Data collection

Baseline demographic characteristics, serum creatinine,
the major axis of the kidney on ultrasound or CT, the peak
systolic velocity (PSV), end-diastolic velocity and resistive
index (RI) on ultrasound, and the extent of RAS on catheter angiography before PTRA were recorded. In patients
with bilateral RAS, stenosis grouping was performed on
the basis of the more severe stenosis. Patients were
reviewed at 3 and 6 months after PTRA and then every
12 months. Ambulatory blood pressure and serum creatinine were measured at every visit in all patients. Doppler echography was performed every 6 months after
PTRA. Renal angiography was done in patients with high
PSV of renal artery > 180 cm/s or the ratio of renal PSV to
aortic PSV (the renal-aortic ratio; RAR, i.e., the ratio of
the PSV in the renal artery to the PSV in the aorta) > 3.5.
Definitions

Severe RAS was defined as the stenotic rate on catheter
angiography more than 75%. Patients with severe stenosis
(≥ 75% stenosis) was divided into three categories, i.e., lowgrade group (75 ≤ and < 90% stenosis), intermediate-grade
group (90 ≤ and < 95% stenosis), and high-grade group (≥
95% stenosis). Technical success was defined as ≦ 25% residual RAS at final angiography, while all other outcomes
were defined as technical failure. Restenosis was defined as
recurrence of ≥ 75% luminal restenosis on renal angiography. Renal death was defined as an estimated glomerular
filtration rate (eGFR)≦ 15 mL/min/1.73 m2 or initiation of
dialysis. Uncontrolled refractory hypertension was defined
as uncontrolled hypertension (> 140/90 mmHg) even if patients have three kinds of anti-hypertension drugs.
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Study end-points

The primary end-point was the change of serum creatinine after PTRA. Serum creatinine was evaluated at every
12 months and was compared with the baseline value in
each patient. Secondary end-points included the changes
of renal major axis (renal size), blood pressure, left ventricular (LV) mass on echocardiography, and outcomes
including renal death, heart failure, cardiovascular death,
and all-cause mortality. Interventional complications
and restenosis after PTRA were also assessed.
It remains unresolved which renal size is required to
preserve renal function after PTRA from the standpoint
of long-term renal outcome. Therefore, for assessing the
influence of renal size on long-term renal outcome, renal
size before PTRA was divided into three categories
(85 mm<, 85 ≤ < 100 mm, 100 mm≤) in this study.
Statistical analysis

Results are expressed as the mean ± standard deviation
(SD). Patient characteristics were compared using one-way
analysis of variance (ANOVA). Continuous variables were
compared using Wilcoxon signed-rank test or repeated
ANOVA. After probability, p value was less than 0.05 by
ANOVA, the Bonferroni test was used for post hoc analysis.
Kaplan-Meier curves were constructed for all-cause mortality. P values < 0.05 were considered to indicate significance.
All statistical analyses were done with IBM SPSS Statistics
Software Ver.21 (SPSS Inc. Chicago, Il).

Results
Patients

Based on the indication criteria for PTRA, 80 ARAS patients underwent PTRA at Shonan Kamakura General
Hospital during a period of 42 months between July 2004
and December 2007. Diagnosis of ARAS was made at the
admission to evaluate atherosclerotic coronary or

Fig. 1 Flow chart of the study
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peripheral arterial stenosis in 60 patients (75%, 60/80 patients), renal dysfunction without proteinuria and/or
hematuria in 14 patients (17.5%, 14/80), uncontrolled
hypertension in 5 patients (6.3%, 5/80), and congestive
heart failure in 1 patient (1.2%, 1/80). All these 80 patients
underwent renal angiography for final diagnosis of ARAS.
Six patients were excluded from analysis, because one patient had PTRA failure and five patients had a short
follow-up period of < 12 months. Finally, the remaining 74
patients were analyzed (Fig. 1). Three patients among
them showed complications within 12 months.
Demographic and other characteristics

The characteristics of the 74 patients are shown in
Table 1. Their mean age was 72 ± 7 years. Among them,
75% (55/74 patients) had a history of smoking, 34% (25
patients) had diabetes mellitus, 92% (68 patients) had a
history of ischemic heart disease, and 19% (14 patients)
had a history of cerebrovascular disease. In addition,
55 patients (76%) had unilateral ARAS and 18 patients (24%) had bilateral ARAS. The median major
renal axis was 94 mm, while the mean peak systolic
velocity, end-diastolic velocity, and resistive index (RI)
of the renal artery were 254 ± 99 cm/s, 65 ± 9 cm/s,
and 0.75 ± 0.10, respectively.
There were 24 patients with 75 ≤ and < 90% stenosis
(low-grade group), 38 patients with 90 ≤ and < 95% stenosis (intermediate-grade group), and 12 patients with ≥
95% stenosis (high-grade group). The overall mean stenosis rate was 87 ± 8.7%. The median observation period
was 83 months (IQR 49,106).
Primary end-point
Serum creatinine

Serum creatinine levels were preserved over 84 months
in overall and in each group with unilateral or bilateral
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Table 1 Baseline characteristics
Stenosis grade
Baseline Characteristics

All
N = 74

Low

Intermediate

High

75≤, < 90%

90≤, < 95%

95%≤

N = 24(33%)

N = 38(51%)

N = 12(16%)

p value

Stenosis rate (%)

87 ± 8.7

Age (year)

72 ± 7

72 ± 5

72 ± 7

72 ± 8

0.95

Male (%)

70

75

68

83

0.59

Smoking (%)

75

65

54

67

0.73

DM

34

29

32

50

0.43

Hypertension

100

100

100

100

–

Hyperlipidemia

61

63

56

75

0.48

IHD

92

92

97*

75**

0.047†

CVD

19

17

16

33

0.38

PAD

36

42

34

33

0.82

Comorbidities (%)

Blood pressure
Systolic (mmHg)

147 ± 22

145 ± 21

145 ± 20

160 ± 27

0.10

Diastolic (mmHg)

79 ± 12

79 ± 14

79 ± 9

84 ± 17

0.45

BUN (mg/dl)

22.5 ± 11.7

19.2 ± 7.9

21.6 ± 11.8

31.0 ± 16.7

0.07

Creatinine (mg/dl)

1.27 ± 0.68

1.20 ± 0.59*

1.10 ± 0.35*

1.95 ± 1.14**

0.0004†

eGFR (mL/min/1.73 m2)

47.9 ± 16.1

49.3 ± 15.0

51.1 ± 14.5

35.2 ± 18.2

0.0087†

Laboratory data

Albumin (g/dl)

4.0 ± 0.4

4.0 ± 0.4

4.1 ± 0.4

3.8 ± 0.7

0.43

LDL-Cho (mg/dl)

99 ± 27

90 ± 25*

98 ± 23

118 ± 36**

0.017†

U-TP (g/gcr)

1.5 ± 0.3

0.29 ± 0.74*

0.22 ± 0.62*

1.21 ± 1.44**

0.002†

Lateral RAS (%)

76

87*

76

50**

0.047†

Bilateral RAS (%)

24

13*

24

50**

Stenosis findings

Renal size (cm)

9.4 ± 0.9

9.5 ± 0.8

9.2 ± 1.0

8.8 ± 0.7

0.10

PSV (cm/s)

254 ± 99

233 ± 54*

280 ± 106*

199 ± 120**

0.032†

EDV (cm/s)

65 ± 9

57 ± 11*

77 ± 15*

40 ± 22**

0.011†

Resistive index

0.75 ± 0.10

0.75 ± 0.09

0.73 ± 0.08

0.79 ± 0.08

0.14

ARB

45

42

47

33

0.58

ACEi

27

42

16

33

0.10

Ca blocker

65

58

63

83

0.48

Medical therapy (%)

β or α/β blocker

38

46

32

42

0.76

Statin

58

50

61

67

0.13

83(49,106)

89(51,114)

76(48,105)

80(56,95)

0.69

Observational period
Median (IQR), months

Data were expressed as mean ± SD or %
Expanded abbreviation; RAS renal artery stenosis, DM diabetes meliitus, IHD ischemic heart disease, CVD cerebral vascular disease, PAD peripheral arterial disease,
eGFR estimated glomerular filtration rate, U-TP urine total protein, PSV peak systolic velocity, EDV end-diastolic velocity, ARB angiotensin type II receptor blocker,
ACEi angiotensin converting enzyme inhibitor
†
P value was less than 0.05 by one-way analysis of variance
P value between ** and * was less than 0.05 with post-hoc the Bonferroni test
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ARAS (Fig. 2). Serum creatinine levels from baseline to
the final hospital visit ranged from 1.27 ± 0.68 to 1.33 ±
0.65 mg/dl in the overall, 1.21 ± 0.59 to 1.47 ± 0.91 mg/
dl in the low-grade group, 1.10 ± 0.34 to 1.89 ± 1.84 mg/
dl in the intermediate-grade group, and 1.95 ± 1.14 to
1.76 ± 0.80 mg/dl in the high-grade group. In patients
with unilateral ARAS, serum creatinine changed 1.21 ±
0.63 to 1.28 ± 0.66 mg/dl in the low-grade group, 1.03 ±
0.29 to 1.16 ± 0.91 mg/dl in the intermediate-grade group,
and 2.43 ± 1.44 to 1.64 ± 0.64 mg/dl in the high-grade
group, while in patients with bilateral ARAS, serum creatinine changed 1.20 ± 0.32 to 1.12 ± 0.41 mg/dl in the
low-grade group, 1.34 ± 0.45 to 1.52 ± 0.31 mg/dl in the
intermediate-grade group, and 1.46 ± 0.47 to 0.76 mg/dl in
the high-grade group. In eight patients with a serum creatinine level > 1.2 mg/dl in the high-grade group, creatinine showed a significant decrease from 2.45 ± 1.07 mg/dl
to 1.76 ± 0.64 mg/dl at 12 months after PTRA (p = 0.017)
and was maintained for 24 months after PTRA (1.74 ±
0.53 mg/dl, p = 0.025) (Additional file 1: Figure S1).
Secondary end-points
Renal size (renal major axis)

Renal major axis was 94 ± 9 mm at baseline, 98 ± 9 mm
after 36 months, and 96 ± 9 mm after 60 months, respectively. Renal size was not significantly different between baseline and 60 months after PTRA (p = 0.133).
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The renal size significantly enlarged at 36 months after
PTRA compared with baseline (p < 0.01) (Additional file 2:
Figure S2).
Next, we divided renal size into three categories and
evaluated the influence of renal size at PTRA on longterm renal function. Three categories of renal size and the
number of patients were 85 mm < (N = 11), 85 ≤ <
100 mm (N = 38), and 100 mm ≤ (N = 14). As a result,
serum creatinine levels significantly increased (p < 0.05) in
patients with renal major axis < 85 mm after 60 months
post PTRA. However, the levels of serum creatinine did
not change throughout 84 months in the other groups
(renal major axis with 85 mm or more) (Fig. 3).
Blood pressure

At baseline, the mean systolic blood pressure was 147 ±
22 mmHg and the mean diastolic blood pressure was 79
± 12 mmHg. Both systolic and diastolic blood pressure
significantly decreased at 12 and 60 months after PTRA
compared with baseline (p < 0.001)(Fig. 4). At 12 months
after PTRA, the number of anti-hypertension drugs significantly decreased from baseline (from 1.95 ± 0.8 to
1.70 ± 1.0 drugs, p < 0.01).
Heart failure and LV mass

During the observation period, admission for heart failure was required in 17 patients (24%) and all of them

Fig. 2 Changes of serum creatinine levels of patients with unilateral and bilateral ARAS in each stenosis group
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Fig. 3 Change of serum creatinine in three different renal size groups. ※p < 0.05 vs. the pretreatment level

were admitted to our hospital. Among the 74 patients,
60% showed regression of LV mass at 12 months after
PTRA compared with baseline. However, there was no
significant difference between mean baseline LV mass
and that at 12 months after PTRA (baseline: 172 ± 43 g,
12 months: 168 ± 53 g, p = 0.90). Changes of LV mass
from baseline to 12 months after PTRA were significantly associated with the changes of both systolic and
diastolic blood pressure from baseline to 12 months
after PTRA (systolic; r = 0.403, p = 0.002, diastolic; r =
0.284, p = 0.04).

crystal embolism (CCE) in two patients (for detail, see
CCE in complications) and progressive renal failure due
to ischemic nephropathy in two patients.
All-cause mortality

At the end of observational period, all-cause mortality
rate was 19% (14 patients). The cause of death was
cardiovascular disease in 6 patients (43%), cancer in
5 patients (36%), infection in 2 patients (14%), and
mesenteric artery infarction due to CCE in 1 patient
(2%) (Table 2). Overall survival rate for 60 months
was 85%.

Renal death (need renal replacement therapy)

During the observational period, renal death occurred in
5% (four patients). All patients with renal death initiated
hemodialysis and survived until the end of the observation period. The cause of renal death was cholesterol

a

Complications
CCE

CCE occurred in 4 out of 74 patients (5.4%) (Table 2),
with renal CCE (2 patients) and mesenteric necrosis (1

b

Fig. 4 Changes of systolic and diastolic blood pressure after PTRA. a Systolic blood pressure and b diastolic blood pressure were significantly
lower at 6 months, 1 year, and 5 years after PTRA (p < 0.001). ※p < 0.001 vs. the pretreatment value. SBP systolic blood pressure, DBP diastolic
blood pressure
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Table 2 Complications and mortality
Observation period, median(IQR)

83(49,106) months

Renal death, n(%)

4(5)

Heart failure, n(%)

17(24)

CCE, n(%)

4(5.4)

Re-PTRA, n(%)

10(14)

Mortality, n(%)

14(19)

Cardiac

6/14(43)

Cancer

5/14(36)

Infection

2/14(14)

Mesenteric infarction

1/14(7)

CCE cholesterol crystal embolism
PTRA percutaneous transluminal renal angioplasty

patient) after initial PTRA. In addition, cutaneous CCE
occurred in 1 patient after second PTRA. Three patients
out of four with CCE had 90% renal stenosis, and one
patient had 99% renal stenosis. Although they were
treated with steroid therapy, two out of four patients
had renal death and initiated hemodialysis. The one of
two had renal death at 4 months (S-Cr; 2.14 mg/dl ⇒
7.4 mg/dl), and the other had renal death at 1 month (SCr;1.65 mg/dl ⇒ 7.97 mg/dl) after PTRA, respectively.
One patient among resting two patients with CCE died
of mesenteric artery necrosis at 3 months after PTRA.
Fourth patient did not have renal death at 108 months
(S-Cr; 1.06 mg/dl ⇒ 1.73 mg/dl).
Re-stenosis

All patients who underwent re-renal angiography
showed significant restenosis and underwent re-PTRA.
As the results, 10 patients (14%) underwent re-PTRA.
Two patients had experienced PTRA more than twice.
The period from first PTRA to re-PTRA was 31 months
in median.

Discussion
Our interventional cohort study demonstrated that
PTRA had decreased blood pressure and preserved renal
function in patients with severe ARAS for long-term.
Thus, PTRA might be beneficial for both the renal and
vital prognosis of severe ARAS patients if we carefully
consider the indications. We should be clear about the
purpose of PTRA in ARAS patients (i.e., for renoprotective, cardio-protective, and/or improved survival).
The ASTRAL [5] and CORAL [6] studies included
many patients with mild ARAS (≤ 75% stenosis) among
the subjects undergoing PTRA. In such patients’ groups,
both studies showed that PTRA was not superior to
medical therapy with regard to preserving renal function
and improving patient survival. However, we thought
that these studies might not truly reflect the long-term
effectiveness of PTRA for more severe ARAS patients.
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Therefore, we focused on ARAS patients with ≥ 75%
stenosis (84 ± 8.7%) and followed them for the longer
period (median 83 months) than the previous RCTs (median follow-up period in ASTRAL and CORAL was 33.6
and 43 months).
Regarding the natural course of ARAS, it has been reported as progressive disease. In ARAS patients with >
60% stenosis, the major renal axis will decrease by >
1 cm after 1 year in 20% of total patients [8]. It has also
been reported that 40% of renal arteries > 75% stenosis
undergo occlusion within 12 months [9]. Even if the
treatment is given with an angiotensin type 1 receptor
blocker (ARB) or angiotensin-converting enzyme inhibitor (ACEi), ARAS itself has been reported to be progressive [10] and lead to renal atrophy [11] and end-stage
renal disease (ESRD). Van et al. reported that the prevalence of ARAS at initiating hemodialysis is not infrequent, and ARAS is an important cause of ESRD [12].
However, in our study, the serum creatinine levels and
renal size were preserved for long-term after PTRA.
Therefore, we thought PTRA might protect the progression of ischemic kidney and decrease renal death in severe ARAS patients.
We should not only focus on the severity of ARAS but
also the viability of the kidney itself. The median length
of the major axis of treated kidneys was 94 mm in our
study, and renal atrophy (major axis < 85 mm) was only
noted in 17% (16 out of 92 kidneys). Serum creatinine
levels in patients with renal major axis < 85 mm at
PTRA significantly increased after 60 months post
PTRA. However, the levels of serum creatinine in patients with renal major axis 85 mm or more at PTRA
did not change after PTRA up to 84 months. From the
viewpoint of renal protection, severe ARAS with sufficient residual kidney function and length seems to be
the most appropriate indication for PTRA. Bilateral severe ARAS might be another appropriate indication for
actively performing PTRA. Initiation of ACEi or ARB
therapy in such patients could decrease systemic blood
pressure and exacerbate ischemia of both kidneys which
might even trigger the onset of flush pulmonary edema
(cardio-renal syndrome type 3) [13]. It seems to be very
important to detect ARAS before irreversible severe kidney damage occurs due to renal ischemia.
PSV and RI might be expected to increase along with
the severity of RAS. However, our data showed no difference in RI among low, intermediate, and high-grade
groups. PSV and EDV in high-grade group were significantly lower than those in other groups. It might be the
reason why RI did not differ between groups in our
study. Blood flow accelerates by passing through stenotic
lumen. However, our result indicated that blood flow decreases in cases of high-grade group or nearly occluding
RAS. Therefore, we might be careful not to use sole
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Doppler echography as final diagnostic tool for RAS.
Sole Doppler echography to evaluate PSV, EDV, and RI
has a risk for missing true very severe RAS. Doppler
echography is a functional test that evaluates accelerating blood flow. When we suspect RAS, an imaging test
other than Doppler echography to prove stenosis morphologically might be necessary.
PTRA could control resistive hypertension with preserving renal function. Both the systolic and diastolic
blood pressure in our study were obviously lower, and a
number of anti-hypertension drugs decreased from baseline after PTRA. Among our subjects, 64% of patients
with unilateral stenosis and 72% of patients with bilateral
stenosis had been ingested ARB or ACEi before PTRA.
However, blood pressure further decreased even in these
patients after PTRA and serum creatinine levels decreased at 1 and 2 years after PTRA in > 95% stenotic
group. In this group, renal ischemia might be further
promoted by taking RAS blocker, therefore both renal ischemia and renal function might be improved by PTRA.
Previous randomized studies [5, 6] have demonstrated a
decrease of blood pressure by additional medications.
However, renal function did not worsen. In the randomized study, blood pressure might not be fully controlled
by first medications. As a result, RAS blocker might not
have caused further renal ischemia.
Regarding the cardiac prognosis, the prevalence of
congestive heart failure in this study was very high (24%)
at 129 months compared with the ASTRAL and CORAL
studies. This may be due to very high baseline frequency
of ischemic heart disease (92%). Besides the cardiac
prognosis, we evaluated LV mass at baseline and
12 months after PTRA. We found regression of LV mass
in 60% of the patients, although it was not statistically
significant. Improved renal blood flow after PTRA might
have decreased stimulation of the renin-angiotensin axis,
and thus might have ameliorated cardiac hypertrophy. In
fact, the admission rate for congestive heart failure was
very low in PTRA group and recurrent heart failure was
decreased compared with the medical groups in previous
studies [14–16].
The all-cause mortality rate was 19% at 83 months
after PTRA, and the overall survival rate was 85% at
60 months. It is well known that deterioration of renal
function results in decreased phosphate excretion.
Hyperphosphatemia is an important arteriosclerotic risk
factor for cardiac events and cardiac death [17–19]. Furthermore, ischemic and hypoxic kidney was recently reported to associate with systemic inflammations
(neutrophil gelatinase-associated lipocalin (NGAL) and
monocyte chemoattractant protein-1 (MCP-1)) [20].
Herrmann et al. showed that cortical hypoxia improve
after PTRA. Wan et al. documented that the serum
NGAL and MCP-1 decrease after PTRA [21]. In light of
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these points, PTRA might indirectly decrease mortality
via decreasing the risk of worsening renal function, i.e.,
hyperphosphatemia, cortical hypoxia, and systemic inflammations, by improving direct renal blood flow.
There were several limitations in this study. First, it
was a single-center retrospective cohort study that included a relatively small number of patients. Second, this
study did not have a control group with ≥ 75% stenosis
who did not undergo PTRA. Because the patient characteristics were different, it was not able to compare our
results with those of ASTRAL and CORAL study. Further studies are necessary to confirm the true long-term
effectiveness of PTRA in patients with severe ARAS.

Conclusion
We demonstrated that PTRA significantly decreased
blood pressure and preserved renal function for long
period in patients with severe ARAS. PTRA might be a
useful treatment option for the patients with severe
RAS, when we strictly consider the indication of PTRA.
Additional files
Additional file 1: Figure S1. Changes of serum creatinine levels in
patients with a baseline creatinine level > 1.2 mg/dl. Serum creatinine
levels of patients with ≥ 95% stenosis were significantly improved at 1
and 2 years after PTRA (p = 0.017, 0.025). In patients with 75 ≤ and < 95%
stenosis, serum creatinine did not worsen over 84 months. NS; not
significant. ※p < 0.05 vs. the pretreatment level. (PPTX 74 kb)
Additional file 2: Figure S2. Changes of renal major axis (renal size)
※p < 0.01 vs. the pretreatment value. (PPTX 60 kb)
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