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Stage of chronic kidney disease is an
outcome-predicting factor of angioplasty
for atheromatous renal artery stenosis

Masayuki Tanemoto, Yoichi Takeuchi, Eikan Mishima, Takehiro Suzuki, Takaaki Abe and Sadayoshi Ito

Angioplasty with insertion of an endoprosthesis is an effective treatment for atheromatous renal artery stenosis (ARAS). However,

this procedure may cause deterioration in renal function, and it is imperative to define the cases that could benefit from

angioplasty. From 456 suspected renovascular hypertension cases, 33 were given a diagnosis of unilateral ARAS on renal

arteriography. These unilateral ARAS cases were treated by angioplasty, and their baseline variables were evaluated with respect

to the improvement achieved in post-angioplastic renal function of the treated side as measured by renal scintigram. The

estimated glomerular filtration rate (eGFR) was the only variable that was significantly different between cases that showed

improvement in renal function and those that did not. Cases that showed improvement in renal function had lower pre-

angioplasty eGFR compared with cases that did not show improvement (59±24mlmin�1 1.73m�2 vs. 76±12mlmin�1

1.73m�2, P¼0.04), and cases showing improvement were generally at later stages of chronic kidney disease (CKD). Most

patients without improvement, who were generally at earlier stages of CKD, had a systemic blood pressure reduction after angioplasty.

The present findings indicate that the baseline CKD stage could be used to predict the outcome of angioplasty for ARAS.
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INTRODUCTION

Atheromatous renal artery stenosis (ARAS) accounts for 70–90% of
stenotic lesions of the renal artery.1,2 By impairing renal perfusion,
ARAS primarily causes two clinical symptoms: renal impairment by
ischemic renal disease and hypertension by renovascular hypertension.
However, renal impairment and hypertension could facilitate athero-
matous vascular disease, and incidental finding of ARAS without
perfusion impairment is not rare in hypertensive patients.3,4 Although
percutaneous transluminal renal angioplasty with insertion of stainless
steel endoprosthesis (PTRA-S) could improve renal function and
reduce the systemic blood pressure (BP) in ARAS cases with perfusion
impairment,2,5 the procedure during PTRA-S may deteriorate renal
function.6,7 Therefore, it is imperative to define the cases that could
benefit from PTRA-S treatment.

Previously, we reported that the hemodynamic variables in ARAS
could indicate cases that would have BP reduction by PTRA-S
treatment.8 We showed that the cases could be selected on the basis
of the value of the trans-stenotic pressure gradient (PG) at ARAS
divided by its corresponding pre-stenotic pressure (PG/pre). However,
we were unable to define the cases that would have renal function
improvement after PTRA-S treatment because of the difficulty in
evaluating the improvement. Parameters such as serum creatinine

concentration and estimated glomerular filtration rate (eGFR) could
not indicate the improvement accurately, because their values would
fluctuate solely because of repeated measurement. These parameters
also might be decreased by several factors during PTRA-S treatment,
including contrast nephropathy and atheroembolization,9 even if
PTRA-S treatment improved the function of the ARAS-affected
region.

In this study, we used 99mTc-diethylenetriamine-pentaacetic acid
(99mTc-DTPA) renal scintigrams to measure glomerular filtration
rate (DTPA–GFR) on each side of the kidney in patients with
unilateral ARAS. We evaluated baseline variables of the patients with
reference to post-angioplastic increase in the relative DTPA–GFR of
the side affected by ARAS (ARAS side), which was calculated as the
DTPA–GFR of the ARAS side divided by the DTPA–GFR of the
contralateral side.

METHODS

Subjects
Among the hypertensive cases referred to our department between April 2003

and June 2008, 456 cases with at least one atheromatous risk factor (smoking,

dyslipidemia or DM) and preserved renal function (serum creatinine concen-

tration o2.0 mg dl�1) were evaluated by computed tomographic angiography
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or magnetic resonance angiography. The cases with ARAS on computed

tomographic angiography/magnetic resonance angiography were further eval-

uated by selective renal arteriography. The severity of ARAS was indicated by

the width at the narrowest part and the % diameter reduction, which was

calculated as 100�(1�narrowest part width/reference width).10 In all, 33 cases

with unilateral ARAS of the narrowest part width o3 mm or a % diameter

reduction 450% were included in this study. In all cases, ARAS was treated

using PTRA-S (Palmaz stent, diameter: 5–7 mm). The study protocol was

approved by the ethics committee of our hospital, and informed consent was

obtained from all patients.

Evaluation of renal function
The 99mTc-DTPA renal scintigrams were performed by a commercially

available g-camera system (PRISM-IRIX, Shimadzu, Kyoto, Japan), and

DTPA–GFR was measured from each side of the kidney according to the

manufacturer’s instructions. The relative DTPA–GFR was calculated as the

DTPA–GFR of the ARAS side divided by that of the contralateral side and used

as a parameter for the renal function of the ARAS side. For each case, the renal

scintigram was performed before and 1 week after PTRA-S treatment, and the

relative DTPA–GFR after PTRA-S treatment was compared with that before the

procedure.

According to the values of the relative DTPA–GFR, the cases were divided

into two groups: the GFR-increased group and the GFR-nonincreased group.

The cases that had the relative DTPA–GFR after PTRA-S treatment larger than

that before the procedure were included in the GFR-increased group. All other

cases were included in the GFR-nonincreased group.

Baseline and follow-up studies
The baseline and post-angioplastic information was recorded under the effect

of antihypertensive medication. For PTRA-S treatment, the baseline informa-

tion was recorded at the time of admission, and the post-angioplastic

information was recorded approximately 1 month after the procedure. All

blood samples were collected in morning under fasting conditions. Albumi-

nuria was measured as the spot urinary albumin to creatinine ratio, and eGFR

was calculated by the GFR-estimating equations for Japanese individuals.11

The office BP reading was taken according to the standard guidelines.12 The BP

self-monitoring was also performed13,14 and correlated well with the office BP.

BP reduction was defined as post-angioplastic reduction in the total score of

the administered antihypertensive agents, which was calculated as the sum of

the standardized doses (the administered dose divided by its corresponding

maximum approved daily dose).8 For the case with the total score reduction, it

was confirmed that neither the office BP nor the self-monitored BP increased

after PTRA-S treatment.

Pressure measurement at ARAS lesion sites
Arterial pressure was measured at each ARAS lesion site with an end-hole

3-French catheter.8,15 The pressure levels measured distal and proximal to the

lesion were recorded as the post-stenotic and the pre-stenotic pressure,

respectively. PG was calculated as the post-stenotic pressure subtracted from

its corresponding pre-stenotic pressure. PG/pre was calculated as PG divided by

its corresponding pre-stenotic pressure.

Renal Doppler ultrasonography
Renal Doppler ultrasonography was performed with a commercially available

ultrasound machine (AplioXV, Toshiba, Tochigi, Japan). Images of the kidney

were acquired before PTRA-S treatment in a supine or lateral position with a

3.5-MHz pulsed Doppler frequency transducer, and the pole-to-pole length on

the images was measured as the size of the kidney. Intrarenal Doppler signals

were obtained from interlobar arteries. The peak systolic velocity and the end-

diastolic velocity were measured at each artery, and resistive index (RI) was

calculated as (1�end-diastolic velocity)/peak systolic velocity.

Statistical analysis
Continuous variables are expressed as mean±s.d. Between-group comparisons

were analyzed by the Student’s t-test. Discrete variables were expressed as

counts, and comparisons were analyzed using the w2-test. All statistical analyses

were performed on the Dr SPSS II software (SPSS, Chicago, IL, USA), and

probability values of Po0.05 were considered statistically significant.

RESULTS

The baseline characteristics of the cases examined in this study are
summarized in Table 1. PTRA-S treatment increased the relative
DTPA–GFR in 22 cases (the DTPA-GFR-increased group) but not
in the other 11 cases (the DTPA–GFR-nonincreased group). The
DTPA-GFR-increased group had lower eGFR than the DTPA–GFR-
nonincreased group, and eGFR was the only baseline characteristic
that was significantly different between the groups. The difference was
significant regardless of whether eGFR was calculated by the Cockroft
and Gault formula (C–G formula); however, the eGFR of the C–G
formula was generally higher than the values obtained from the
formula used in the Modification of Diet in Renal Disease study.
The eGFRs of the C–G formula were 71±28 ml min�1 and
97±19 ml min�1 (P¼0.01) in the DTPA–GFR-increased group and
the DTPA–GFR-nonincreased group, respectively. The other baseline
characteristics examined were not significantly different between the
groups. Both groups were given approximately the same amount and
kind of antihypertensive medication. In the cases examined by renal
ultrasonography, the size of the kidney was also compared between the
groups. We found that the size of the ARAS side and that of the
contralateral side were not significantly different between the groups
(Table 2).

Further analysis of the baseline eGFR revealed that the DTPA–GFR-
increased group was generally at later stages of chronic kidney disease
(CKD) compared with the DTPA–GFR-nonincreased group
(Figure 1).16,17 Fourteen (14 out of 22) and 7 (7 out of 22) cases of
the DTPA–GFR-increased group were at stage 3 (eGFR 30–
59 ml min�1 1.73 m�2) and at stages 1–2 (eGFR X60 ml min�1

1.73 m�2), respectively. In contrast, 1 (1 out of 11) and 10 (10 out
of 11) cases of the DTPA–GFR-nonincreased group were at stage 3 and
at stages 1–2, respectively. In all, 14 of 15 cases at stage 3 and 7 of 17
cases at stages 1–2 had an increase in DTPA–GFR.

The severity in the impairment of renal perfusion at ARAS and its
improvement by PTRA-S treatment could have affected the DTPA–
GFR increase. Therefore, we next examined the hemodynamic
variables of ARAS (Table 3). None of the examined variables were
significantly different between the groups, and PTRA-S treatment
decreased the systolic PG to o10 mm Hg in all the cases, indicating
that PTRA-S treatment improved the perfusion at the ARAS lesion site
in the DTPA–GFR-nonincreased group as well as in the DTPA–GFR-
increased group. Furthermore, among the cases examined by renal
Doppler ultrasonography, the RIs of the interlobar arteries in both the
ARAS side and the contralateral side were also not significantly
different between the groups (Table 2).

The post-angioplastic characteristics examined 1 month after
PTRA-S treatment are summarized in Table 4. After PTRA-S treat-
ment, eGFR decreased not only in the DTPA–GFR-nonincreased
group but also in the DTPA–GFR-increased group. The eGFR values
did not increase in 26 cases of this study. Moreover, the post-
angioplastic eGFR in the DTPA–GFR-increased group remained
significantly lower than that in the nonincreased group. The reduction
in eGFR and the relative regression from the baseline eGFR were the
same in both groups (3±14%, respectively).

Interestingly, the PRA in the DTPA–GFR-increased group, which
had been generally higher before PTRA-S treatment, was generally
lower after the procedure compared with the DTPA–GFR-nonin-
creased group. This change in PRA would indicate that PTRA-S
treatment generally reduced PRA more efficiently in the former
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than in the latter group. In contrast to the PRA change, a reduction
in BP, which was indicated by a reduction in the total score of
the administered antihypertensive agents, was noted more in the

DTPA–GFR-nonincreased group than in the DTPA–GFR-increased
group (10 out of 11 cases in the former and 12 out of 22 cases in the
latter had the reduction).

DISCUSSION

In this study, we evaluated the increase in DTPA–GFR after PTRA-S
treatment to indicate the effect of the procedure, because generally used
indicators of renal function, such as serum creatinine concentration and

Table 2 Renal Doppler ultrasonography

DTPA–GFR

All (n¼19)

Increased

(n¼11)

Nonincreased

(n¼8) P

Size (mm)

ARAS side 93±14 89±15 100±11 0.11

Contralateral 104±14 101±15 109±11 0.23

RI

ARAS side 0.58±0.09 0.60±0.09 0.57±0.08 0.48

Contralateral 0.61±0.06 0.62±0.08 0.59±0.04 0.33

Abbreviations: ARAS, atheromatous renal artery stenosis; DTPA–GFR, 99mTc-diethylenetriamine-
pentaacetic acid–glomerular filtration rate measured by renal scintigram; RI, resistive index of
interlobar arteries.
Data are presented as mean±s.d.

Table 1 Baseline characteristics of the cases

DTPA–GFR

All (n¼33)

Increased

(n¼22)

Nonincreased

(n¼11) P

Age (years) 57±8 58±8 56±8 0.41

Gender (% female) 32 29 39 0.19

Body mass index (kgm�2) 24±3 24±3 24±3 0.93

Smoking status, n (%)

Never 7 (21) 5 (23) 2 (18)

Past 11 (33) 7 (32) 4 (36)

Current 15 (45) 10 (45) 5 (45) 1.00

Systemic blood pressure (mm Hg)

Systolic 130±18 130±18 131±19 0.87

Diastolic 75±10 74±11 78±9 0.28

Antihypertensive, n (%)

Calcium channel blocker 31 (94) 21 (95) 10 (91) 0.61

ACEI/ARB 24 (73) 16 (73) 8 (73) 1.00

b-Blocker 5 (15) 3 (14) 2 (18) 0.73

a-Blocker 6 (18) 4 (18) 2 (18) 1.00

Diuretic 7 (21) 5 (23) 2 (18) 0.76

Lipid profile (mgdl�1)

Triglyceride 120±52 121±60 116±34 0.79

HDL cholesterol 46±10 45±8 48±12 0.41

LDL cholesterol 119±33 117±36 122±26 0.64

HbA1c (%) 5.4±0.5 5.4±0.6 5.3±0.3 0.42

eGFR (ml min�1 1.73 m�2) 65±22 59±24 76±12 0.04

Plasma renin activity (ng ml�1 h�1) 7.1±6.3 7.7±6.9 6.0±5.0 0.50

Albumin–creatinine ratio (mg g�1) 45±67 49±79 35±32 0.58

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; DTPA–GFR, 99mTc-diethylenetriamine-pentaacetic acid–glomerular filtration rate
measured by renal scintigram; eGFR, estimated glomerular filtration rate calculated by the
Modification of Diet in Renal Disease study formula; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; LDL, low-density lipoprotein.
Data are presented as mean±s.d. or number (%).

Figure 1 The chronic kidney disease stage in the 99mTc-diethylenetriamine-

pentaacetic acid–glomerular filtration rate-increased group (left) and

the 99mTc-diethylenetriamine-pentaacetic acid–glomerular filtration rate-

nonincreased group (right).

Table 3 Hemodynamic variables of ARAS lesion sites

DTPA–GFR

All (n¼33)

Increased

(n¼22)

Nonincreased

(n¼11) P

PG (mm Hg)

Systolic 65±38 68±41 59±32 0.51

Mean 37±25 40±27 33±22 0.50

Diastolic 21±17 21±17 20±19 0.81

PG/pre

Systolic 0.42±0.24 0.43±0.25 0.40±0.21 0.69

Mean 0.35±0.23 0.36±0.25 0.32±0.20 0.65

Diastolic 0.27±0.24 0.28±0.24 0.25±0.24 0.77

Abbreviations: ARAS, atheromatous renal artery stenosis; DTPA–GFR, 99mTc-
diethylenetriamine-pentaacetic acid–glomerular filtration rate measured by renal scintigram; PG,
trans-stenotic pressure gradient; pre, pre-stenotic pressure.
Data are presented as mean±s.d.

Table 4 Post-angioplastic characteristics of the cases

DTPA–GFR

All (n¼33)

Increased

(n¼22)

Nonincreased

(n¼11) P

eGFR (ml min�1 1.73 m�2) 62±21 56±22 72±12 0.03

Reduction from baseline 3±10 2±9 3±12 0.84

Plasma renin activity (ngml�1 h�1) 5.3±9.0 5.2±10.1 5.5±6.5 0.94

Reduction from baseline 1.8±9.4 2.4±10.7 0.6±6.3 0.60

Abbreviations: DTPA–GFR, 99mTc-diethylenetriamine-pentaacetic acid–glomerular filtration rate
measured by renal scintigram; eGFR, estimated glomerular filtration rate calculated by the
Modification of Diet in Renal Disease study formula.
Data are presented as mean±s.d.
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eGFR, were unable to accurately assess the effect.9 Using this indica-
tion, we evaluated the baseline characteristics of ARAS cases, including
age, metabolic profile, smoking status, BP control and albuminuria,
and found that the baseline eGFR value was the only characteristic
that was significantly correlated with the effect. We also found that
many cases at CKD stage 3 had an increase in DTPA–GFR after PTRA-
S treatment. Moreover, many cases at CKD stages 1–2 had a reduction
in BP after PTRA-S treatment. These findings indicate that the
baseline CKD stage, which represents the baseline eGFR value, could
be used to predict the outcome of PTRA-S treatment for ARAS.

The correlation between the baseline eGFR and the angioplastic
outcome has previously been reported.18 At 1 year after PTRA-S
treatment, eGFR (calculated by the C–G formula) was found to be
increased in cases with a baseline eGFR o50 ml min�1, whereas it
decreased in those with a baseline eGFR X50 ml min�1. These
findings indicated that cases with decreased baseline eGFR could
have long-term renal preservation after PTRA-S treatment. Most
cases in this study had a baseline eGFR X50 ml min�1 (using the
C–G formula) and were consistent with the eGFR-decreased subgroup
of the previous report. Therefore, the finding that most cases in this
study had a decrease in eGFR 1 month after PTRA-S treatment, which
is consistent with a reduction in renal function 1 year after PTRA-S
treatment, may support the previous findings.

Interestingly, despite the increase in DTPA–GFR after PTRA-S
treatment, eGFR decreased 1 month after the procedure in both the
DTPA–GFR-increased and nonincreased groups. This decrease of
eGFR indicates that some factors during PTRA-S treatment, for
example, contrast nephropathy and atheroembolization, deteriorated
long-term renal function,9 even though PTRA-S treatment could have
improved the renal function immediately after angioplasty. These
renal function-deteriorating factors may have also concealed the
benefit of angioplasty in the previous reports, in which angioplasty
did not show significant clinical benefits in ARAS cases.19,20 Protection
against these factors during the procedure might improve the long-
term reno-preservative effect by angioplasty, especially in cases with
increased DTPA–GFR after angioplasty.

In this study, the eGFR calculated using the Modification of Diet in
Renal Disease study formula was generally lower than that obtained
using the C–G formula. Therefore, the reported cases with an eGFR
o50 ml min�1 calculated using the C–G formula might have an eGFR
o30 ml min�1 1.73 m�2 using the Modification of Diet in Renal
Disease study formula, and the finding in the report by Ramos
et al.18 could have indicated that cases at CKD stages 4–5 had an
increase in eGFR 1 year after PTRA-S treatment. We could not
confirm this finding because we did not include most of the cases
at CKD stages 4–5 to avoid possible adverse events such as contrast
nephropathy and nephrogenic systemic fibrosis.21

The increase in DTPA–GFR represents recovery of perfusion to
renal parenchyma. Supporting this notion, reduction of PRA, which
would reflect recovery of the parenchymal perfusion,22 was generally
larger in the DTPA–GFR-increased group than in the DTPA–GFR-
nonincreased group. Given that PTRA-S equally reduced PG at ARAS
lesion sites in both groups, perfusion recovery at these sites would not
have affected the increase in DTPA–GFR.7,8,15,23 In addition, because
the RIs (an index for vascular resistance) of interlobar arteries were
not different between the groups,1,2,24 perfusion impairment in these
arteries also would not have affected the increase in DTPA–GFR. The
perfusion impairment in more distal arteries may have affected the
increase.

A high intrarenal RI (40.80) was reported to identify ARAS cases
in which angioplasty will not improve renal function.24 However, this

finding has not been confirmed in other studies, which instead have
found no difference in renal function outcome between cases with
intrarenal RI 40.80 and those with intrarenal RI o0.80.25,26 One of
these studies showed that cases with deteriorated baseline renal
function tended to have renal function improvement after PTRA-S
treatment independent of intrarenal RI.25 The present finding
that cases at CKD stages 1–3 did not have long-term reno-preservation
despite the low intrarenal RI (o0.80) supports the findings of
Zeller et al.25

The parenchymal perfusion would have been preserved before
PTRA-S treatment in the DTPA–GFR-nonincreased group, in which
most cases were at CKD stages 1–2.16,17 Given that ARAS had
impaired the perfusion before PTRA-S treatment in both
groups,7,8,15,23 some supplementary pathways for blood supply such
as the collateral arteries would have preserved the perfusion in the
group. In contrast, in the DTPA–GFR-increased group, supplementary
blood supply might not have been sufficient for the preservation, and
PTRA-S treatment could have improved the perfusion. In general, the
late stages of CKD in the DTPA–GFR-increased group might have
represented this insufficiency. The size of the ARAS side, which was
generally smaller in the DTPA–GFR-increased group than in the
DTPA–GFR-nonincreased group, might also have represented this
insufficiency. Given that PTRA-S treatment reduced the BP efficiently
in the DTPA–GFR-nonincreased group, further recovery of the perfu-
sion preserved by supplementary blood supply could have contributed
to the BP reduction but not to the increase in DTPA–GFR.

This study has several limitations. First, our study was conducted in
a small number of cases screened by criteria such as preserved renal
function. The paucity and the selection bias only allowed for limited
interpretations. Next, the follow-up duration was only 1 month after
PTRA-S treatment, and long-term reno-preservation by the procedure
was not addressed. However, long-term reno-preservation would not
be expected without immediate reno-preservation, which was indi-
cated by the relative increase in DTPA–GFR. Finally, the usage of the
relative DTPA–GFR could have affected the interpretation of renal
function improvement. However, we used the relative DTPA–GFR
value because it could indicate renal function improvement by
angioplasty better than the absolute values of DTPA–GFR and
eGFR. The absolute values of DTPA–GFR and eGFR did not accu-
rately represent the improvement because they were solely affected by
the conditions of evaluation (for example, dehydration could decrease
them and overhydration could cause an increase). These values may
also be affected by several other factors during PTRA-S treatment,
including contrast nephropathy.9 In contrast, showing the renal
function of the treated side relative to that of the untreated side, the
relative DTPA–GFR can represent the improvement, as it could cancel
out the effects of the factors that might conceal the improvement by
affecting both sides.

In conclusion, we found that CKD stage could predict reno-
preservation by PTRA-S treatment for ARAS. We previously found
that an angiographic index, the minimal diameter, could represent the
hemodynamic significance of ARAS and that a hemodynamic index,
PG/pre, could predict the BP reduction by PTRA-S treatment for
ARAS.8,10 Therefore, in combination with previous findings, the
findings of this study present the strategy for ARAS described
below. For reno-preservation, PTRA-S should be performed in cases
at CKD stages 4–5 regardless of the hemodynamic significance. PTRA-
S will not likely preserve renal function in cases at CKD stages 1–3;
however, it may be beneficial if performed with appropriate protection
against renal function-deteriorating factors, especially in cases at CKD
stage 3. Finally, for BP reduction (especially in cases at CKD stages
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1–2), the minimal diameter of ARAS should be measured. In cases
with a minimal diameter o3 mm, PG should be measured and PTRA-
S treatment should be given if PG/pre 40.15. Although the paucity
and the selection bias of this study did not yield convincing evidence,
the present findings propose a useful strategy using the CKD stage for
future trials in this field.
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