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【 CASE REPORT 】

Combination of Renal Angioplasty and
Angiotensin-converting-enzyme Inhibitor Can Reduce

Proteinuria in Patients with Bilateral
Renal Artery Disease

Hironobu Toda 1, Haruhito A. Uchida 2,3, Kazufumi Nakamura 1, Hidemi Takeuchi 2,
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Abstract:
Recent large clinical trials failed to show clear benefits of percutaneous transluminal renal angioplasty

(PTRA) as compared with medical therapy on patients with renal artery stenosis. It was also reported that

proteinuria is an adverse prognostic factor after PTRA, and PTRA is less effective in patients with overt pro-

teinuria. From the renoprotective point of view, to reduce proteinuria after PTRA is an important therapeutic

goal in patients with renal artery stenosis with overt proteinuria. We hereby describe two patients successfully

treated by combination therapy with PTRA and administration of angiotensin-converting enzyme (ACE) in-

hibitor for bilateral renal artery disease with overt proteinuria.
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Introduction

It is well known that the renal artery stenosis causes re-

fractory hypertension and pulmonary edema (1, 2). Percuta-

neous transluminal renal angioplasty (PTRA) for the renal

artery stenosis is effective to control blood pressure as well

as to reduce hypertensive emergency episode. However, pre-

vious clinical studies have reported that PTRA has barely

discernible effect. Overt proteinuria occurs in various kidney

diseases, and further reduces renal function. The first-line

treatment for the overt proteinuria is an angiotensin convert-

ing enzyme (ACE) inhibitor or angiotensin II receptor

blocker (ARB). The overt proteinuria is considered less

likely to occur in patients with the renal artery stenosis, be-

cause of reduced renal perfusion pressure as well as lower

glomerular filtration pressure (3-5). If the overt proteinuria

is associated with bilateral renal artery disease in a patient,

ACE inhibitor or ARB cannot be used. Furthermore, no re-

port the effectiveness of PTRA to reduce the proteinuria in

such patient (6-8).

We hereby describe two patients successfully treated by

combination therapy with PTRA and administration of ACE

inhibitor for bilateral renal artery stenosis with overt protein-

uria.
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Figure　1.　Renal artery CT angiography and percutaneous transluminal renal angioplasty. (A) Re-
nal artery CT angiography shows severe stenosis of the right renal artery (arrow), and occlusion of 
left renal artery. (B) Renal ultrasonography shows severe stenosis of the proximal portion of right 
renal artery (PSV 3.25 m/s; RAR 6.0) (arrow). (C) Angiography before and after Percutaneous 
Transluminal Renal Angioplasty. Genesis® 6.0*18 was successfully inserted into the right renal artery 
(arrows). (D) Blood pressure and renal function before and after percutaneous transluminal renal 
angioplasty. CT: computed tomography
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Case Reports

Case1

A 67-year-old male presented with high fever and back

pain. He was treated under the diagnosis of hypertension

and type 2 diabetes as he underwent coronary artery bypass

graft 10 years ago. Initial laboratory evaluation showed a se-

vere inflammatory response [C-reactive protein (CRP) 15.2

mg/dL] and renal dysfunction [estimated glomerular filtra-

tion rate (eGFR) 40.3 mL/min/1.73 m2]. Since further ex-

amination eliminated infectious disease and malignant dis-

ease, he was suspected of vasculitis, then, high dose predni-

solone was started. The blood pressure was 206/111 mmHg

on admission. We firstly administered cilnidipine of 20 mg/

day and nifedipine of 80 mg/day, then, added on carvedilol

of 20 mg/day, but his blood pressure control was subopti-

mal. CT angiography showed bilateral renal artery stenosis,

but there were no differences in kidney size and contrast ef-

fect between right and left kidneys. One month after admis-

sion, inflammatory findings gradually improved, and the

dosage of prednisolone was tapered, but his eGFR decreased

from 40.3 to 24.1 mL/min/1.73 m2. Two months after admis-

sion, CT angiography showed right renal artery stenosis and

left artery total occlusion (Fig. 1A), and renal ultrasonogra-

phy showed severe stenosis of the proximal portion of the

right renal artery [peak systolic velocity (PSV) of 3.25 m/s;

renal aortic ratio (RAR) of 6.0] and total occlusion of the

left renal artery (Fig. 1B). His eGFR decreased to 33.1 mL/

min/1.73 m2 and overt proteinuria (5.92 g/gCr) was also

found.

After remission of the inflammatory disease was achieved,

we performed PTRA for the right renal artery. Intravascular

ultrasound (IVUS) showed an intimal-media thickness that

suggested inflammatory change in the proximal site of right

renal artery. Dilatation with a 5.0 mm balloon was at-

tempted, but sufficient dilatation could not be achieved be-
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Table　1.　Change in Laboratory Data and Medical Treatment in Case 1.

PTRA before PTRA after 1Mo PTRA after 6Mo PTRA after 12Mo

Systolic BP (mmHg) 190 150 170 143

Diastolic BP (mmHg) 117 88 96 78

BUN (mg/dL) 25.5 15 27.1 24

sCr (mg/dL) 1.67 1.79 1.68 1.71

eGFR (mL/min/1.73m2) 33.1 30.7 32.9 30.0

UTP/CRE (g/gCr) 5.92 0.58 0.22 0.26

BS (mg/dL) 161 153 154 141

HbA1c 7.0 6.8 6.4 6.4

PRA (ng/mL/h) 7.4 16 18 15

PAC (ng/dL) 19.2 7.6 7.3 8.8

Medication (mg/day) Cilnidipine 20 

Nifedipine 80 

Carvedilol 20

Nifedipine 40 

Carvedilol 20 

Captopril 37.5

Nifedipine 40 

Carvedilol 20 

Imidapril 5 

Nifedipine 40 

Carvedilol 20 

Imidapril 5

cause of hard elastic recoil. Insertion of a stent (GenesisⓇ

6.0*18) was therefore necessary, and optimal dilatation was

finally achieved (Fig. 1C). Just after the PTRA, an ACE in-

hibitor (captopril; 37.5 mg three times a day) was started,

consequently, his blood pressure gradually improved (140/90

mmHg). As shown in Table 1, although the level of serum

creatinine did not change, his proteinuria decreased after

PTRA and ACE inhibitor administration. (pre PTRA 5.92 g/

gCr, 1 month: 0.58 g/gCr, 6 months 0.22 g/gCr, and 12

months0.26 g/gCr). One year after the PTRA, the patency of

the treated lesion was confirmed by renal ultrasonography.

Case 2

A 65-year-old male patient presented to the emergency

department with rapidly developing orthopnea and reduced

consciousness level. He had hypertension and type 2 diabe-

tes, but he rejected taking any medicine. Nine years ago, he

was admitted to the other hospital with primary diagnosis

with heart failure and inferior old myocardial infarction. At

that time, coronary angiography showed that his distal right

coronary artery was occluded, and renal ultrasonography

showed stenosis in the right renal artery. But he had never

been followed after discharge. On admission to our hospital,

his blood pressure was 263/131 mmHg, and peripheral oxy-

gen saturation measured with pulse oximeter was 58%.

Chest X-ray showed congestive pulmonary edema and mas-

sive pleural effusion. Cardiac ultrasound showed severe pul-

monary hypertension with severe mitral regurgitation due to

the tethering of posterior mitral leaflet. It was likely that the

etiology of pulmonary edema was caused by several condi-

tions, including fluid retention due to decreasing in urine

volume for several days, rapid increasing in afterload, and

functional severe mitral regurgitation due to inferior old

myocardial infarction. Immediately, his respiration was sup-

ported with invasive mechanical ventilation and intravenous

furosemide was started. However, anuria continued, then

continuous hemodiafiltration was initiated. Renal ultra-

sonography showed severe stenosis of the proximal portion

of the left renal artery (PSV 5.70 m/s; RAR 5.8) and total

occlusion of the right renal artery. His status was anuria due

to functionally solitary kidney with severe renal artery

stenosis, accordingly, PTRA should be performed immedi-

ately for withdrawal of continuous hemodiafiltration. We

conducted emergent PTRA for the left renal artery stenosis,

and deployed a stent (GenesisⓇ 5.0*18). A large amount of

diuresis was obtained after the PTRA, and his condition im-

proved dramatically. After the first PTRA, his blood pres-

sure was controlled around 140/80 mmHg, and continuous

infusion of nicardipine was weaned and changed to oral

medications (cilnidipine of 20 mg, nifedipine of 40 mg, bi-

soprolol of 2.5 mg, and trichlormethiazide of 1 mg, once a

day). Introduction of ACE inhibitor was considered, but not

administrated, for fear of hyperkalemia and decreasing in

glomerular filtration at that time.

Six months later, he re-admitted to the hospital with or-

thopnea, and renal ultrasonography showed severe in-stent

restenosis in the left renal artery (PSV 4.99 m/s; RAR 6.9).

His eGFR was 20.9 mL/min/1.73 m2 and massive protein-

uria ( 10.82 g / gCr ) appeared. 99 mTecnetium-

mercaptoacetyltryglycine (99mTc-MAG3) renogram demon-

strated remarkably decreasing uptake in left kidney, and no

uptake in right kidney (Fig. 2A). We performed PTRA with

5.0 mm PTA balloon for in-stent-restenosis of the left renal

artery (Fig. 2B), and got an optimal dilatation and started

ACE inhibitor (enalapril; 2.5 mg once a day). One month

after the treatment, his blood pressure was well controlled

and his proteinuria level remarkably reduced from 10.82 to

1.77 g/gCr. One-year after PTRA, his proteinuria kept 2.0 to

3.0 g/gCr, and the introduction of renal replacement therapy

was avoided (Table 2).

Discussion

We presented two male patients treated by combination

therapy with PTRA and administration of ACE inhibitor for

bilateral renal artery disease, severe stenosis in one side of

renal artery and obliteration in another side of renal artery

with non-functional kidney, with overt proteinuria. In both
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Figure　2.　Renogram and percutaneous transluminal renal angioplasty. (A) 99mTecnetium-mercap-
toacetyltryglycine (99mTc-MAG3) renogram demonstrated remarkably decreasing uptake in left kid-
ney, and no uptake in right kidney. (B) Before and after angioplasty with 5.0 mm PTA balloon for 
in-stent-restenosis of left renal artery (arrows). (C) Blood pressure and renal function before and af-
ter percutaneous transluminal renal angioplasty. 
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Table　2.　Change in Laboratory Data and Medical Treatment in Case 2.

PTRA before PTRA after 1Mo PTRA after 6Mo PTRA after 12Mo

Systolic BP (mmHg) 147 141 128 128

Diastolic BP (mmHg) 78 55 67 72

BUN (mg/dL) 29.8 60.4 40.5 35.7

sCr (mg/dL) 2.27 3.71 3.05 3.11

eGFR (mL/min/1.73m2) 23.9 14.0 17.3 16.8

UTP/CRE (g/gCr) 10.82 1.77 2.70 2.59

BS (mg/dL) 94 118 113 139

HbA1c 6.5 6.6 7.0 7.2

PRA (ng/mL/h) 20< 2.7 12 N/A*

PAC (ng/dL) 6.8 7.5 16.5 N/A*

Medication (mg/day) Nifedipine 40 

Cilnidipine 10 

Bisoprolol 2.5 

Trichlormethiazide1

Cilnidipine 10 

Bisoprolol 2.5 

Trichlormethiazide1 

Enalapril 2.5

Cilnidipine 20 

Bisoprolol 2.5 

Trichlormethiazide1 

Enalapril 2.5

Cilnidipine 20 

Bisoprolol 0.625 

Enalapril 2.5

*N/A: not available

cases, the proteinuria dramatically improved after the combi-

nation therapy.

The renal artery stenosis is frequently associated with re-

fractory hypertension, renal dysfunction, and flash pulmo-

nary edema. Several retrospective trials demonstrated clinical

benefit of PTRA in the management of blood pressure and

stabilization of renal function in patients with atherosclerotic

renal artery stenosis (8, 10-12). In contrast, recent random-

ized clinical trials, which compared clinical outcomes be-

tween PTRA and medical therapy alone in patients with

atherosclerotic renal artery stenosis (ARAS), failed to dem-

onstrate significant clinical benefits of PTRA as compared

medical therapy (6, 7, 13). Even when the result of the ran-

domized controlled trials did not support the PTRA for the

stable ARAS lesion, it is well known that PTRA is recom-

mended to the cases with functionally solitary kidney or

pulmonary edema. Unlike ARAS, renal artery stenosis asso-

ciated with vasculitis and fibromuscular dysplasia (FMD) is

still preferable indication for PTRA because of the favorable

response to PTRA (14, 15). Recent trials assessed only

eGFR was assessed instead of proteinuria as clinical out-

come. The proteinuria is another important maker of the

kidney disease progression, since it is strongly associated

with cardiovascular event, all-cause mortality and end-stage

renal disease (16). Several studies reported that proteinuria

is an adverse prognostic factor after PTRA, and PTRA is

less effective in patients with overt proteinuria (17, 18).

From the renoprotective point of view, to reduce proteinuria

after PTRA is an important therapeutic goal in patients with

renal artery stenosis with overt proteinuria.

In our two cases, one kidney with total occluded renal ar-

tery may functionally secrete renin. Improving in hypoperfu-
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sion by PTRA for the other kidney may have two benefits,

one is to decrease in renin secretion with reducing systemic

blood pressure and the other is to recover glomerular blood

pressure. However, dilation of stenotic renal artery would

rather cause glomerular hypertension if the systemic blood

pressure was not sufficiently reduced. Previous report seems

to be such a case (9). In such clinical setting, combined

with ACE inhibitor may reduce proteinuria by improving

glomerular hypertension via both reducing systemic blood

pressure and dilating efferent arteriole even after dilation of

renal artery.

In both cases, PTRA and administration of ACE inhibitor

significantly improved proteinuria and prevented from con-

tinuous renal replacement therapy. However, changes in

blood pressure and eGFR changes before and after PTRA

differed between the two cases. Namely, in case 1, blood

pressure was definitely improved and eGFR was preserved

after PTRA and administration of ACE inhibitor. On the

other hands, case 2 showed little change in blood pressure

and eGFR decreased in case 2. In case 1, blood pressure in

pre-PTRA was extremely high and residual glomerulus

function was preserved. It is possible that decrease in sys-

temic blood pressure influenced to reduction of proteinuria.

It was previously reported that the baseline high systolic

blood pressure is a predictor for improvement of blood pres-

sure after PTRA (8). On the other hand, in case 2, renal

damage was already advanced and systemic blood pressure

was not so high in pre-PTRA period. In spite of poor re-

sponse in blood pressure, his proteinuria was significantly

reduced by improving glomerular hypertension. In advanced

stage of chronic kidney disease, ACE inhibitor can cause

short time worsening in eGFR after PTRA, but long-term

stabilization of renal function can be expected due to control

of proteinuria and intraglomerular pressure.

Although the pathophysiological mechanism of these two

cases were different, both cases shared bilateral renal artery

disease with functional single kidney and overt proteinuria.

We did not have opportunities to perform renal biopsy in

these patients because of critical conditions, and thus the

mechanism of proteinuria was unclear. However, the over

proteinuria in these patients should be attributed to hormo-

nal and hemodynamic disturbances, because it declined after

PTRA. In the kidney, the intraglomerular pressure is con-

stantly regulated to approximately 50 mmHg by the balance

of the dilatation of efferent arteriole and the constriction of

afferent arteriole which are mainly controlled by renin-

angiotensin system. In patients with renal artery stenosis,

due to highly activated renin angiotensin system, angiotensin

II increases the permeability of glomerular membrane and

increase intraglomerular pressure by the constriction of ef-

ferent arteriole, resulting in proteinuria (19). Previously

study reported that the high intraglomerular filtration pres-

sure can cause secondary focal segmental glomerulosclerosis

(FSGS). Unilateral renal artery stenosis or obstruction re-

sults in FSGS-like changes and the nephrotic syndrome in

the contralateral kidney due to hyperfiltration (5). In our pa-

tients, after the function of one kidney has been abolished

due to the occlusion of the renal artery, distribution of renal

flow might change to increase glomerulus hyperfiltration

pressure. In such a condition, ACE inhibitor or ARB should

be effective to reduce the proteinuria. In a case report, the

combination therapy comprising PTRA and ACE inhibitor

or ARB in patients with unilateral renal artery stenosis is ef-

fective to control their blood pressure and decrease in prote-

inuria (20). However, there were no report about the efficacy

of combination therapy of PTRA and ACE inhibitors in pa-

tients with bilateral renal artery disease and overt protein-

uria.

Actually, a clinical study showed that use of renin-

angiotensin inhibitors have safety and tolerability even in the

bilateral cases (21). But, generally, renin-angiotensin inhibi-

tors are contraindicated to patients with bilateral renal artery

stenosis, because of their high possibility to induce severe

renal dysfunction and hyperkalemia. Therefore, PTRA for at

least one side of renal artery stenosis is necessary prior to

the administration ACE inhibitor or ARB. After PTRA, it is

anticipated that the glomerular filtration pressure increases,

but additional ACE inhibitor or ARB dilates efferent arteri-

oles to decrease intraglomerular pressure. This may contrib-

ute to reduce proteinuria. After PTRA for one side of renal

artery stenosis, it is important to evaluate the renal function

and tolerability for ACE inhibitor. The suitable conditions,

in which the patient is in diuretic phase and in normal range

of serum potassium concentration, are necessary for admini-

stration of ACE inhibitor after PTRA. Actually, in case 2,

ACE inhibitor was not administrated after first PTRA, in

considerations of hyperkalemia and decreasing in glomerular

filtration. However, before second PTRA, the patients dem-

onstrated progressive proteinuria. In such a situation, the ad-

ministration of ACE inhibitor thought to be indispensable. In

functional single kidney with proteinuria, ACE inhibitor or

ARB should be considered for protecting renal function af-

ter PTRA. However, ACE inhibitor and ARB can cause ap-

parent decrease in eGFR. Therefore, careful monitoring of

renal function and patency of renal artery are required, espe-

cially after PTRA and ACE inhibitor treatment.

In conclusion, recent large clinical trials failed to show

beneficial effects of PTRA on patients with renal artery

stenosis on restoring renal function or improving clinical

outcomes. However, there are a certain batch of patients

with bilateral renal artery disease who have benefit from

PTRA with ACE inhibitor or ARB as shown in our report.

In the treatment with patients with renal artery disease, we

should carefully pay attention to not only serum creatinine

concentration but also the level of proteinuria.
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