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T h e association between renal artery stenosis and hyper-
tension has been documented in numerous series. Yet, the 
association between renal artery stenosis and the nephrotic 
syndrome or nephrotic-range proteinuria is unusual.1"9 In 
most cases, renal tissue had been obtained by biopsy, a 
nephrectomy had been performed, or an autopsy was done; 
however, evaluation was limited to light microscopy and 
did not include immunohistochemistry, immunofluores-
cence, or electron microscopy.1"41'"9 T h e results of one 
biopsy from a patient with renal artery stenosis and ne-
phrotic-range proteinuria showed no evidence of immu-
nofluorescent or ultrastructural deposits.3 Biopsy results 
from a kidney contralateral to the renal artery stenosis 
demonstrated only segmental IgM in glomeruli and normal 
glomeruli, as evaluated by light and electron microscopy.5 

T h e relationship between elevated levels of renin/angi-
otensin and induced proteinuria in experimental animals 
has been demonstrated.10"12 T h e relationship of elevated 

371 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


2*372 Cleveland Clinic Quarter ly Vol. 51, No. 2 

renin/angiotensin levels to nephrotic-range pro-
teinuria in man has also been reported.3'5 

Materials and Methods 
Two patients with renal artery stenosis were 

identified as part of a study of 27 consecutive 
patients whose renal biopsy specimens were 
found to have the light microscopic, immunohis-
tochemical, and electron microscopic features of 
focal and segmental glomerulosclerosis. The bi-
opsy specimens were processed for light micros-
copy, immunohistochemistry, and electron mi-
croscopy as previously described.1^ The patients' 
charts, including clinical and laboratory data, as 
well as appropriate angiograms, were reviewed. 

Case reports 
Case 1. A 54-year-old white man presented at the 

Cleveland Clinic in June 1979 with hypertension, heavy 
proteinuria without edema, and congestive heart failure. 
He had no history of diabetes mellitus. In 1974, the patient 
was discovered to be hypertensive. Since 1974, the diastolic 
blood pressure varied from 90 to 110 mm Hg, and the 
systolic pressure varied from 190 to 210 mm Hg. Medica-
tions included digoxin, a thiazide diuretic, furosemide, 
methyldopa, and aspirin. During that period, atherosclerotic 
stenosis of the left and right carotid arteries developed; 
endarterectomies were required. The chest radiograph, ob-
tained on admission, was normal. Hemoglobin and hema-
tocrit levels, the red blood cell count, red blood cell indexes, 
the platelet count, and the white blood cell count were 
normal. The differential white blood cell count was also 
normal. VDRL was negative. Results of the lupus erythe-
matosus (LE) preparation were negative. Urine contained 
oval fat bodies. The urine sediment included hyaline casts, 
but no other casts, and only rare white and red blood cells. 
The serum total protein value was 6.6 g/dl; albumin value, 
3.6 g/dl; and cholesterol value, 215 mg/dl. Glucose, cal-
cium, inorganic phosphate, total bilirubin, alkaline phospha-
tase, creatinine phosphokinase, lactic dehydrogenase, and 
glutamic-oxalate transaminase levels were normal. Other 
laboratory values were: sodium, 135 mEq/1; potassium, 3.4 
mEq/1; chloride, 95 mEq/1; and carbon dioxide (C02), 32 
mEq/1. The 24-hour urine protein excretion value was 10.0 
g. The serum creatinine level was 1.5 mg/dl. The blood-
urea-nitrogen (BUN) level was 34.0 mg/dl. The iodothala-
mate clearance was 63.0 ml/min/1.73 m'2. Tomograms 
showed that the left kidney measured 7.0 cm in length and 
the right kidney measured 16.5 cm in length. Inferior 
venacavography was not performed. Angiograms demon-
strated stenosis of the right and left renal arteries (Fig. 1A). 
A perfusion scan showed that the left kidney was not func-
tioning. Percutaneous transluminal angioplasty of the right 
renal artery was performed to increase renal blood flow to 
the only functioning kidney. This resulted in normalization 
of blood pressure; however, during the following year (July 
1980), proteinuria persisted (7.9 g/24 hr), the serum creat-
inine level increased to 2.6 mg/dl, and iodothalamate clear-
ance decreased to 29.0 ml/min/1.73 m2. A right renal 
angiogram demonstrated patency of the right renal artery, 

with possible stenosis at the aortic origin. Transluminal 
percutaneous angioplasty was attempted, but the catheter 
could not be passed through a tight right artery orifice. At 
that time, the right kidney measured 14.0 cm. 

An open biopsy of the right kidney was performed to 
determine the degree of scarring of the renal parenchyma, 
as well as the type of nephropathy associated with nephrotic-
range proteinuria. If most of the glomeruli had not been 
sclerotic, revascularization of the renal kidney would have 
been undertaken. The light microscopic sections contained 
41 glomeruli. Seventeen glomeruli were normal. Two glo-
meruli exhibited segmental sclerosis, and 22 glomeruli ex-
hibited global sclerosis (Fig. IB). Arterioles were unremark-
able. Patchy interstitial fibrosis and tubular atrophy were 
evident. Immunoperoxidase with the periodic acid Schiff 
(PAS) counterstain contained seven glomeruli. Granular 
deposits of IgM and C3 were identified in segmentally 
sclerotic areas of glomeruli. The glomeruli were negative 
for IgG and IgA. Granular deposits of C3 were present in 
arterioles and rare segments of tubular basement mem-
branes. Electron microscopy of three glomeruli demonstra-
ted extensive collapse; dense deposits were identified in the 
areas of collapse. There was no amyloid deposit. Peripheral 
glomerular basement membranes did not appear thickened; 
however, the extensive degree of collapse rendered evalua-
tion of the membrane thickness difficult (Fig. 1C). An angio-
gram obtained in October 1980 demonstrated coronary 
atherosclerosis with moderate generalized impairment of 
left ventricular function. The celiac artery was 80% stenotic. 
Because of these findings and the extent of glomerular 
sclerosis, revascularization of the right kidney was not at-
tempted. The patient remained normotensive on continuing 
hypertensive medication (methyldopa, a thiazide diuretic, 
furosemide), but progressive renal failure subsequently de-
veloped, requiring chronic hemodialysis. The patient died 
of renal failure in April 1981. An autopsy was not per-
formed. 

Case 2. A 62-year-old white man presented at the Cleve-
land Clinic in February 1981 with a history of severe hyper-
tension (detected in March 1980 [200/100 mm Hg]) and 
azotemia. He had a history of hypertension for the previous 
five to six years, but no evidence of diabetes mellitus. At 
admission, his blood pressure was 164/100 mm Hg. There 
was no edema. Medications included methyclothiazide, fu-
rosemide, and prazosin hydrochloride. The chest radi-
ograph was unremarkable, with the exception of cardio-
megaly and a pleural scar. Anemia was evident (hematocrit, 
24%). The result of the direct Coombs test was negative. 
The white blood cell count and platelet count were normal. 
The differential white blood cell count was normal. Other 
laboratory values were: serum total protein, 5.2 g/dl; albu-
min, 2.6 gm/dl; calcium, 7.6 mg/dl; cholesterol, 308 mg/dl 
(normal, 150-240 mg/dl); and creatinine phosphokinase, 
205 units/1 (normal, 20-180 units/1). Inorganic phosphate, 
glucose, uric acid, total bilirubin, alkaline phosphatase, lactic 
dehydrogenase, glutamic-oxalate transaminase, sodium, po-
tassium, chloride, and C0 2 levels were normal. VDRL was 
negative. Urine contained 5-10 red blood cells and 3-5 
white blood cells per high power field, as well as granular 
and hyaline casts. The 24-hour urine protein secretion value 
was 9.5 g. The serum creatinine level was 5.8 mg/dl. (In 
March 1980, the serum creatinine level had been 2.5 gm/ 
dl.) The BUN value was 70 mg/dl. The iodothalamate 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


S u m m e r 1984 Rena l a r t e r y s tenosis , p r o t e i n u r i a , g l o m e r u l o s c l e r o s i s 3 7 3 

Fig. 1. Case 1 
A. Right renal angiogram demonstrates stenosis (arrow). Narrowing was also present in the left renal artery. 
B. PAS stain. Glomerulus with segmental sclerosis is shown. (X 100) 
C. Electron micrograph shows no dense deposit in the glomerular basement membrane or mesangium. (X 4,500) 

glomerular filtration rate was 9.0 ml /min /1 .73 m2. T h e an-
tinuclear antibody titer was negative. Renal tomograms 
demonstra ted a right kidney that was 12.5 cm in length and 
a left kidney that was 13.5 cm in length. T h e electrocardi-
ogram demonst ra ted a remote myocardial infarct. Serum 
CH50 , C3, and C4 were normal. T h e rheumatoid factor 
was slightly elevated. T h e result of the assay for circulating 
immune complexes was not elevated. An open biopsy of the 

right kidney was pe r fo rmed . Light microscopic sections 
contained 44 glomeruli. T e n glomeruli were normal . Five 
glomeruli exhibited segmental sclerosis (Fig. 2A)\ 29 glo-
meruli showed global sclerosis. Marked interstitial fibrosis 
and tubular a t rophy were noted. T h e arterioles and small 
arteries exhibited mild thickening. Immunoperoxidase with 
PAS counterstain contained six glomeruli. Granular deposits 
of IgG, IgM, and C3 were demonst ra ted in segmentally 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


w * f ; f w 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


Summer 1984 Renal artery stenosis, proteinuria, glomerulosclerosis 375 

sclerotic areas of glomeruli. Granular deposits of C3 were 
detected in arterioles and segments of tubular basement 
membranes. Electron microscopy of two glomeruli demon-
strated no dense deposit. The glomeruli exhibited no col-
lapse. No amyloid deposit was evident. The peripheral glo-
merular basement membrane was not thickened (Fig. 2B). 
Hypertension was initially controlled and methyclothiazide 
was discontinued; however, hypertension recurred one 
month later and persisted (206-107/110-60 mm Hg supine 
and 190-146/110-68 mm Hg standing) despite adding 
propranolol hydrochloride and clonidine hydrochloride to 
the therapeutic regimen. Chronic renal failure subsequently 
developed (serum creatinine level, 9.9 mg/dl), and the pa-
tient died in December 1981 while being considered for 
chronic hemodialysis. An autopsy was performed; remote 
and recent myocardial infarcts of the left ventricle and 
interventricular septum were apparent. A 70%-100% ath-
erosclerotic stenosis of the left anterior descending, right 
mid-coronary, and left mid-circumflex coronary arteries, 
with recent and old myocardial infarcts, cardiomegaly, and 
left ventricular hypertrophy were found. The right proxi-
mal renal artery exhibited a 60% atherosclerotic stenosis. 
The abdominal aorta showed moderate atherosclerosis. A 
right superior branch of the renal artery demonstrated up 
to 100% atherosclerotic narrowing (Fig. 2C). The left distal 
renal artery demonstrated 80% atherosclerotic stenosis. The 
inferior vena cava and renal veins had no thrombus. The 
right kidney weighed 150 g, and the left kidney weighed 
130 g. No discrete cortical or papillary scar was evident, 
although the cortex was uniformly diminished in thickness. 
The ureters, pelves, and calyces were normal. Microscopi-
cally, both kidneys exhibited segmentally and globally scle-
rotic glomeruli. The liver and pulmonary edema, as well as 
the lungs, were congested. 

Discuss ion 
T h e association between renal artery stenosis 

and the nephrotic syndrome has been re-
ported, 1 - 9 but is unusual. We have described two 
patients with renal artery stenosis: one diagnosed 
by angiography (Case 1) and one diagnosed at 
autopsy (Case 2). T h e autopsied patient had no 
thrombus in the renal veins or inferior vena cava. 
T h e other patient had not undergone inferior 
venacavography. Biopsy specimens from the kid-
neys ipsilateral to the renal artery stenosis dem-
onstrated light microscopic, immunohistochemi-
cal, and electron microscopic findings typical of 
focal and segmental glomerulosclerosis. Membra-
nous glomerulonephritis, diabetic nephropathy, 
amyloid nephropathy, mesangial glomerulo-

Fig. 2. Case 2 
A. PAS stain. Glomerulus with segmental sclerosis is evident 

(X 100) 
B. Electron micrograph shows no dense deposit in the glomer-

ular basement membrane or mesangium. (X 7,100) 
C. During the postmortem examination, an atherosclerotic 

plaque was found in the right artery. (Hematoxylin-eosin stain, X 
10) 

nephritis, or membranoproliferative glomerulo-
nephritis was not evident. Whether the sclerotic 
lesions in the glomeruli represented changes sec-
ondary to ischemia or an intrinsic process similar 
to patients with focal and segmental glomerulo-
sclerosis without renal artery stenosis was difficult 
to determine since focal and segmental sclerosis 
is commonly associated with the nephrotic syn-
drome. 1 4 - 1 6 Reflux nephropathy may be associ-
ated with proteinuria and produce jesions iden-
tical to focal and segmental glomeruloscle-
rosis . '7 '8 Excretory urography, sonography, and 
tomography demonstrated no abnormality in the 
functioning kidney, which underwent a biopsy, 
of our first patient (Case 1). T h e autopsy of the 
second reported patient (Case 2) demonstrated 
no ureteral, renal pelvic, or calyceal abnormality. 
These findings did not exclude reflux, but indi-
cated that it was unlikely. 

T h e two patients described here did not 
undergo renin/angiotensin assays; therefore, we 
cannot comment on the relationship of elevated 
renin/angiotensin levels and proteinuria, which 
has been demonstrated in experimental ani-
mals.1 0 - 1 2 Yet, increased renin/angiotensin levels 
probably did not contribute to the heavy protein-
uria of the first patient (Case 1) because blood 
pressure was well controlled. In some humans 
with renal artery stenosis, elevated renin/angi-
otensin levels have been related to nephrotic-
range proteinuria.3'5 

T w o of 27 consecutive patients with renal bi-
opsy evidence of focal and segmental glomeru-
losclerosis had atherosclerotic renal artery ste-
nosis demonstrated by renal angiography (Case 
1) and autopsy (Case 2). This represents an inci-
dence of 7.4%; however, renal angiography was 
only performed in that one instance (Case 1). 
Only these 2 patients died; one (Case 1) did not 
undergo autopsy, but the other patient (Case 2) 
did. T h e true incidence o f renal artery stenosis 
in patients with renal biopsy evidence of focal 
and segmental glomerulosclerosis is, therefore, 
unknown. T h e association of renal artery steno-
sis, nephrotic-range proteinuria, and focal and 
segmental glomerulosclerosis may be coinciden-
tal since the nephrotic syndrome and hyperten-
sion are common manifestations of focal and 
segmental sclerosis. T h e hypertension associated 
with idiopathic focal and segmental glomerulo-
sclerosis is usually assumed to be secondary to 
azotemia rather than renal artery stenosis. 

Renal artery stenosis did not appear to exert a 
protective effect on the renal parenchyma in our 
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two patients reported here. In both cases, biopsy 
specimens of the kidneys ipsilateral to the renal 
artery stenosis demonstrated extensive glomeru-
lar sclerosis, and progressive renal failure devel-
oped. In one instance (Case 1), this was compli-
cated by a contralateral nonfunctioning kidney 
with arterial stenosis, and in the other instance 
(Case 2), bilateral renal artery stenosis was evi-
dent. Therefore , it is difficult to speculate on the 
role o f renal artery stenosis and the occurrence 
and progression of glomerular disease, which has 
been demonstrated experimentally1 9 and in hu-
mans.2 0 

Conclus ion 
Because not only nephropathies other than 

focal and segmental glomerulosclerosis may be 
diagnosed,2 1 but more importantly, revasculari-
zation of kidneys with extensive parenchymal 
scarring will be avoided,2 2 we believe that a renal 
biopsy should be considered for patients with 
renal artery stenosis and nephrotic-range pro-
teinuria to determine the nature of the renal 
disease. 

References 
1. Berlyne GN, Tavill AS, Baker SBD. Renal artery stenosis and 

the nephrotic syndrome. QJ Med 1964; 33:325-335. 
2. Fisher DA, Huffman ER, Blount SG Jr. Massive edema due 

to bilateral incomplete renal artery occlusion. Am J Med 1959; 
26:646-651. 

3. Kumar A, Shapiro AP. Proteinuria and nephrotic syndrome 
induced by renin in patients with renal artery stenosis. Arch 
Intern Med 1980; 140:1631-1634. 

4. Laforet EG. Malignant hypertension associated with unilat-
eral renal artery occlusion: 3 cases. Ann Intern Med 1953; 
38:667-688. 

5. Montoliu J, Botey A, Torras A, Darnell A, Revert L. Renin-
induced massive proteinuria in man. Clin Nephrol 1979; 
11:267-271. 

6. Pasternack A, Eklund J, Krohn K. Renal artery stenosis and 
the nephrotic syndrome. Acta Med Scand 1967; 181:265-
268. 

7. Poutasse EF. Occlusion of a renal artery as a cause of hyper-
tension. Circulation 1956; 13:37-48. 

8. Takekoshi Y, Matsuda I, Itakura K. A case of renovascular 
hypertension with the nephrotic syndrome. Jap Circ J 1971; 
35:937-940. 

9. Ullmann TD, Shapiro T, Barzilay B, Schwartz A. Vascular 
abnormalities in a well functioning kidney as the cause of long-
standing severe juvenile hypertension, cured by unilateral 
nephrectomy. Am J Med 1959; 26:960-964. 

10. Bohrer MP, Deen WM, Robertson CR, Brenner BN. Mecha-
nism of angiotensin II induced proteinuria in the rat. Am J 
Physiol 1977; 233:F13-F21. 

11. Deodhar SD, Cuppage FE, Gableman E. Studies on the mech-
anism of experimental proteinuria induced by renin. J Exp 
Med 1964; 120:677-690. 

12. Eisenbach GN, Van Liew JB, Boylan JW, Manz N, Muir P. 
Effect of angiotensin on the filtration of protein in the rat 
kidney: a micropuncture study. Kidney Int 1975; 8:80-87. 

13. Tubbs RR, Gephardt G, Valenzuela R, Deodhar S. An ap-
proach to immunomicroscopy of renal disease with immuno-
peroxidase and periodic acid-Schiff counterstain (IMPAS 
stain). Am J Clin Pathol 1980; 73:240-244. 

14. Hyman LR, Burkholder PM. Focal sclerosing glomerulo-ne-
phropathy with segmental hyalinosis: a clinicopathologic 
analysis. Lab Invest 1973; 28:533-544. 

15. Jenis EH, Teichman S, Briggs WA, et al. Focal segmental 
glomerulosclerosis. Am J Med 1974; 57:695-705. 

16. Velosa JA, Donadio JV Jr, Holley KE. Focal sclerosing glom-
erulonephropathy: a clinicopathologic study. Mayo Clin Proc 
1975;50:121-133. 

17. Bhathena DB, Weiss JH, Holland NH, et al. Focal and seg-
mental glomerular sclerosis in reflux nephropathy. Am J Med 
1980; 68:886-892. 

18. Kincaid-Smith P. Glomerular and vascular lesions in chronic 
atrophic pyelonephritis and reflux nephropathy. Adv Nephrol 
1975; 5:3-17. 

19. Mauer SM, Steffes MW, Azar S, Sandberg SK, Brown DS. 
The effects of Goldblatt hypertension on development of the 
glomerular lesions of diabetes mellitus in the rat. Diabetes 
1979; 27:738-744. 

20. Dikman SH, Strauss L, Berman LJ, Taylor NS, Churg J. 
Unilateral glomerulonephritis. Arch Pathol Lab Med 1976; 
100:480-483. 

21. Leslie BR, Hamburger RJ, Stilmant MM, Flamenbaum W. 
Renal artery dysplasia in a patient with membranoproliferative 
glomerulonephritis. Am J Med 1979; 66:528-531. 

22. Novick AC, Pohl MA, Schreiber M, Gifford RW Jr, Vidt DG. 
Revascularization for preservation of renal function in pa-
tients with atherosclerotic renovascular disease. J Urol 1983; 
129:907-912. 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

