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• In elderly patients with generalized atherosclerosis and longstanding hypertension, progressive renal in-
sufficiency should suggest renal artery occlusive disease and/or renal cholesterol embolization. Renal 
cholesterol embolization is not an absolute contraindication to successful surgical revascularization. Renal 
cholesterol emboli were identified in biopsy specimens obtained in 24 cases at the Cleveland Clinic from 
1978 to 1986, and renal artery stenosis was an associated finding in 19. Clinical manifestations of gener-
alized atherosclerosis were common, including ileofemoral atherosclerosis (18), coronary artery disease 
(16), carotid occlusive disease (15), and carotid occlusive disease with a history of stroke (8). Evidence of 
embolic events in other organs was common. Hypertension worsened before biopsy in 21 patients with 
and without renal artery stenosis. Surgery or angiography definitely or probably contributed to renal 
failure in 16. Of 12 who underwent surgical revascularization of a renal artery, renal function inproved in 
five, remained stable in five, and worsened in one. Renal function improved in the three patients under-
going dialysis before revascularization, and two were able to discontinue dialysis. 
• INDEX TERMS: RENAL ARTERIAL OBSTRUCTION; RENAL ARTERY, DISEASES • CLEVE CLIN ] MED 1988; 56:407-413. 

RENAL cholesterol embolization is an often un-
suspected cause of renal failure in the elderly. It 
is frequently fatal, although recent case reports 
have documented a few survivors.1-3 Renal 

atheroembolism occurs in the setting of diffuse abdomi-
nal atherosclerosis, and a relationship can be established 
between the severity of the aortic atherosclerosis and 
the incidence of atheroembolic renal disease. Renal 
cholesterol emboli will develop in up to 30% of persons 
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with severe aortic disease, but in only 1% of persons 
with mild aortic atheromatous disease.4-6 While spon-
taneous embolization does occur, surgical manipulation 
of the aorta or diagnostic angiographic procedures have 
been increasingly recognized as causal events capable of 
precipitating an episode.7-11 

The disease process that affects the abdominal aorta 
may also involve the renal arteries, leading to the 
development of renovascular hypertension and often to 
progressive renal failure. Intervention through surgical 
revascularization (SR) or percutaneous transluminal 
renal angioplasty (PTRA) offers the potential for cure or 
improvement of hypertension and for preservation of 
renal function.12-15 

If concomitant atheroembolism of the renal circula-
tion has contributed to the hypertension or to com-
promised renal function, then interventional procedures 
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A o r t i c : atherosclerosis 2 4 
Hyper tens ion > 4 yrs durat ion 2 4 
C a r d i a c 

Left ventr icular hypertrophy 17 
C o r o n a r y artery disease 16 
C o n g e s t i v e hear t failure 13 
A n g i n a pectoris 11 
Prior myocardial in farc t ion 5 

C e r e b r a l 
Trans ient i s c h e m i c a t t a c k 12 
C a r o t i d occ lus ive disease 15 
S t r o k e 8 

Peripheral vascular 
I l iofemoral a therosc leros is 18 
C l a u d i c a t i o n 12 

Cigare t te smoking 2 2 
Exogenous obesity 10 
Diabetes mel l i tus (adult o n s e t ) 2 
C h o l e s t e r o l > 2 4 0 mg/dL 7 

might not be warranted. On the other hand, since mi-
croembolization does not necessarily progress to irre-
versible renal failure, correction of hemodynamically 
significant stenosis by S R or P T R A may be justified. Few 
case reports have commented on the association of sig-
nificant renal artery stenosis ( R A S ) and its possible role 
in the progressive renal failure usually noted with renal 
cholesterol embolization.'16"18 

This study retrospectively reviews 24 documented 
cases of renal cholesterol embolization, in an effort to es-
tablish the frequency of associated RAS. T h e prognosis 
in response to medical therapy or SR was determined 
and risk factors and events possibly precipitating renal 
cholesterol embolization were analyzed. 

MATERIALS A N D METHODS 

A retrospective review of all renal biopsies performed 
at the Cleveland Clinic from 1978 to 1986 yielded 24 
cases in which renal cholesterol emboli were identified 
(Figure I). Renal arteriograms were available prior to 
renal biopsy in all patients. Bilateral R A S was present in 
15 and unilateral R A S was observed in four, while the 
renal arteries were normal or revealed only trivial steno-
sis in five patients. In four, one renal artery was totally 
occluded. Baseline serum creatinine concentrations 
were determined during a period of stable renal function 
several years to two years prior to biopsy. 

To identify precipitating events, a graph of serum 
creatinine v time was plotted for each case. On these 
plots, each significant event was noted, including surgi-
cal procedures or diagnostic arteriographic procedures. 

Review of these event lines enabled a judgment of 
whether any single intervention was a probable precipi-
tating event for deterioration of renal function. T h e in-
dication for renal biopsy was noted in each case, as was 
the presence or absence of associated cardiovascular risk 
factors, including a history of hypertension and any evi-
dence of worsening of hypertension prior to renal biopsy. 

Responses to intervention (medical or surgical) were 
determined by changes in serum creatinine concentra-
tion; this was noted at the time of the latest available 
follow-up. Effects of intervention on blood pressure con-
trol were determined both by evaluation of blood pres-
sure measurements and by changes in the number of an-
tihypertensive medications required; these were also 
noted at the time of latest follow-up. Clinical follow-up 
was accomplished, where available, to and including 
March 1988. 

RESULTS 

There were 19 men and five women in the study; 
their average age was 62 years (range, 45 -75 years). 
Seventeen of the 24 patients were >60 years of age at 
the time of biopsy. The renal biopsy was performed for 
the evaluation of unexplained renal insufficiency in 
nine patients, at the time of S R in 14, and to assist in es-
tablishing the prognosis in one patient with progressive 
renal insufficiency. An earlier biopsy on that patient re-
vealed no cholesterol emboli. 

Arterial hypertension requiring pharmacologic ther-
apy was present in all 24 patients and was of >4 years du-
ration in 21 individuals (Table I). Two patients had a 
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documented onset of hypertension within six months of 
renal-biopsy (ages 54 and 71 years) and in only 10 of 24 
patients was a definite family history of hypertension ob-
tained. In 21 patients, increasing difficulty controlling 
blood pressure was evidenced by higher recorded pres-
sures and increased drug requirements, usually occurring 
within six months of renal biopsy. In one patient, the 
clinical picture of malignant hypertension was observed. 
The mean blood pressure of the group at the time of 
renal biopsy was 188/97 mmHg (ranges: systolic, 150— 
230 mmHg; diastolic, 7 0 - 1 2 0 mmHg). Worsening of hy-
pertension was independent of the presence of RAS, 
since it was also observed prior to biopsy in four of the 
five patients without evidence of R A S . 

Other atherosclerotic risk factors 
The mean baseline serum creatinine concentration in 

24 patients was 2.0 mg/dL (range, 1.0-6.5 mg/dL) (Table 
2). At the time of renal biopsy, four patients were al-
ready on dialysis, and serum creatinine concentrations 
had increased by 20% or more from baseline in 20 of the 
24 patients, including four of the five patients without 
RAS. The mean serum creatinine concentration for 20 
patients not on dialysis at the time of renal biopsy was 
4-4 mg/dL (range, 1.5-14-6 mg/dL). The five patients 
without R A S were among the group demonstrating an 
increase in serum creatinine prior to renal biopsy. 

A review of event lines relating interventional proce-
dures to changes in serum creatinine concentrations 
suggested that an episode of atheroembolism was 
directly related to a surgical or angiographic procedure 
in seven individuals (Figure 2). In nine, a review of the 
event lines suggested a probable causal relationship to a 
surgical or angiographic procedure (Figure 3 ) and, in the 
remaining eight cases, a causal relationship could not be 
established (Figure 4 ) . Though aspirin and/or dipy-
ridamole (Persantine) were frequently employed in the 
ongoing clinical care of patients, there was no evident 
causal relationship between either agent and subsequent 
cholesterol embolization. The use of heparin or cou-
marin derivatives was not associated with cholesterol 
embolization in this group of patients. 

Arteriographic evidence of aortic atherosclerosis was 
present in all 24 patients, with associated abdominal 
aortic aneurysms in seven individuals (Table I). Il-
iofemoral atherosclerosis was observed in 18, with a his-
tory of intermittent claudication noted in 12 individu-
als. Left ventricular hypertrophy was present in 17 
patients as shown by electrocardiogram, echocardio-
gram, or at the time of cardiac catheterization. Coronary 
arteriography had been performed in 17 individuals, de-

A S A & P E R S A N T I N E 

I I I I L 

Q. 
O 
!Q 

J I 

14 
13 
12 
11 i 
10 

9 m 

< 
LU 
DC 
O 
S 

DC 
LLI 
CO 

-60 -50 -40 -30 - 2 0 - 1 0 

DAY 

F I G U R E 2 . Patient #2 event line. Acute renal failure that 
progressed relentlessly suggests a direct causal relationship with 
a diagnostic procedure. 

monstrating significant coronary artery disease in 16 and 
no significant disease in one. In the remaining seven 
patients, coronary arteriography was not performed. 
Eleven patients provided a history of symptomatic an-
gina pectoris, and prior myocardial infarctions were de-
monstrated by electrocardiograms in five. Four patients 
had undergone coronary artery bypass surgery and, in 13, 
a history of congestive heart failure was documented. A 
prior cerebrovascular accident had occurred in eight 
patients, while in 12, history of transient ischemic at-
tacks was noted. Fifteen patients had a history of carotid 
occlusive disease documented by ultrasound, arteriogra-
phy, or digital subtraction arteriography. In 10, prior 
carotid endarterectomies had been performed. 

A history of heavy cigarette smoking was observed in 
22 patients, with a mean pack-year history of 56 years. 
One individual had a long history of pipe smoking and 
one was a nonsmoker. Exogenous obesity (greater than 
120% of ideal weight) was observed in 10 patients. A di-
agnosis of adult-onset diabetes mellitus was established 
in only two individuals. A serum cholesterol determina-
tion was available in all patients from several days to 
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F I G U R E 3 . Patient # 4 event line. A probable causal 
relationship with an artériographie procedure is suggested by 
progressive renal failure over a three-month period of 
observation. 

several months prior to renal biopsy. The mean serum 
cholesterol was 229 mg/dL (range, 9 7 - 4 4 5 mg/dL), but 
only seven had a serum cholesterol concentration ex-
ceeding 240 mg/dL. 

In eight patients, livedo reticularis to the buttocks, 
back, thighs, legs, or feet was evident, and in four, em-
bolic events to the toes (purple toes) were documented. 
Retinal emboli (Hollenhorst plaques) were observed in 
four patients, and one major artery embolus to a femoral 
artery was documented. 

A variety of gastrointestinal syndromes have been as-
sociated with cholesterol embolization. In this study 
population, gastrointestinal symptoms included hemor-
rhagic gastritis in five, undiagnosed upper gastrointesti-
nal bleeding in one, pancreatitis in one, and a mesen-
teric embolus in one. In six individuals, a history of 
undiagnosed abdominal pain was elicited. 

Medical management 
O f nine patients managed medically, one was lost to 

follow-up and three on dialysis died after periods of two 
to eleven and a half months (Table 2). Follow-up was ob-
tained for periods of six to 80.4 months in five patients 
following diagnosis by renal biopsy of renal cholesterol 
embolization. 

Renal function improved in one (Patient 7, creat-
inine 7.6 to 4.0 mg/dL) at 14 months of follow-up. Renal 
function remained stable in two (Patients 8 and 9 after 
follow-ups of 19.3 and 80.4 months), and two patients 
were on dialysis at the time of latest follow-up (Patients 
5 and 6). 
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F I G U R E 4 . Patient # 9 event line. Renal insufficiency 
remained stable over time despite several surgical and diagnostic 
procedures. A causal relationship could not be established. 

Follow-up of blood pressure in these five patients re-
vealed a decrease in drug requirements in two and un-
changed requirements for antihypertensive drugs in 
three. The decrease in medication requirements for one 
patient on maintenance dialysis after six months of fol-
low-up may have been a reflection of controlled in-
travascular volume. 

Results of interventional therapy 
O f two patients who underwent PTRA, one was lost 

to follow-up and the other showed significant improve-
ment in renal function and unchanged antihypertensive 
drug requirements after 20 months of follow-up. Follow-
up was not available in one patient who underwent a ne-
phrectomy. 

Twelve patients underwent SR of a renal artery. Fol-
low-up was available for 11 patients for 2 to 65.9 
months. At latest follow-up, improved renal function as 
determined by decreased serum creatinine concentra-
tions was evident in five (Patients 14, 17, 18, 19, and 
24). Renal function remained stable in five (Patients 15, 
16, 20, 21, and 22) and showed progression, e.g. greater 
than 2 0 % rise in serum creatinine concentration, in one 
(Patient 23). 

It is notable that three patients were on maintenance 
hemodialysis prior to surgical revascularization. Renal 
function improved and enabled discontinuation of 
dialysis in two, while the third patient showed no im-
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TABLE 2 
RENAL FUNCTION DATA AND OUTCOME 

Serum creatinine (mg/dL) 

Patient no. Baseline Biopsy Follow-up Procedure Follow-up (mo) 

Medical management 
1 2.1 D LTF - -

2 2.4 14.6 D - 2t 
3 1.0 5.8 D - 2t 
4 1.1 6.2 D - 11.5t 
5 2.8 6.0 D - 6 
6 1.4 3.6 D 6.5 
7 1.2 7.6 4.0 - 14 
8 1.5 2.6 2.4 - 19.3 
9 1.5 1.5 1.5 - 80.4 

Interventive therapy 
10 1.0 2.8 LTF PTRA -

11 1.3 6.0 2.8 PTRA 20 
12 2.9 2.1 LTF Nx _ 
13 1.8 3.0 LTF SR -

14 2.8 D 2.5 SR 2 
15 2.3 D D SR 2.6 
16 1.7 2.3 2.3 SR 6.0 
17 6.5 7.6 4.0 SR 7.3 
18 1.0 D 2.7 SR 10.6 
19 1.0 3.1 2.1 SR, Nx 11.3 
20 2.0 2.1 2.1 SR 22.7 
21 2.1 1.8 1.5 SR, Nx 28.1 
22 2.4 2.7 2.2 SR 34.6 
23 2.7 3.0 4.0 SR 59.7 
24 2.4 3.1 1.9 SR, Nx 65.9 

t = died 
D = dialysis, LTF = lost to follow-up, PTRA = percutaneous transluminal renal angioplasty, SR = surgical revascularization, and Nx = nephrectomy. 

TABLE 3 
RENAL FUNCTIONING FOLLOWING SR 

Preoperative 

Follow-up (mo) Preoperative Follow-up 

11 8 10 
Mean: 22.7 3.2* 2.5t 

*3 patients on dialysis 
t l patient on dialysis 

provement and remained on dialysis at latest follow-up. 
Pharmacologic requirements for control of blood 

pressure were subsequently reduced in two patients and 
unchanged in six of the 11 SR patients. While three in-
dividuals showed increased drug requirements for con-
trol of blood pressure at latest follow-up, two of these 
patients had been followed-up for five years or longer. 

As evidenced in Table 3, mean follow-up for 11 
patients undergoing surgical revascularization was 22.7 
months. The mean preoperative serum creatinine con-
centration was 3.2 mg/dL in eight patients not on dialy-
sis prior to surgery. As noted, three of the 11 patients re-

quired maintenance hemodialysis preoperatively. At 
latest follow-up, the mean serum creatinine concentra-
tion in 10 patients was 2.5 mg/dL, with one patient re-
maining on maintenance hemodialysis despite techni-
cally successful SR. 

The operative procedures for the 12 patients under-
going renal artery revascularization were as follows: 
splenorenal bypass in five, hepatorenal bypass in two, 
iliac-renal bypass in two, endarterectomy plus patch an-
gioplasty in one, aorto-renal anastamosis in one, and a 
branch revascularization plus auto transplant in one. In 
three, a contralateral nephrectomy was also performed. 

DISCUSSION 

Patients with diffuse atherosclerosis that affects the 
aorta constitute a population at risk for renal cholesterol 
embolization. Few reports have noted significant RAS 
in association with renal cholesterol embolization. In a 
recent report on atheromatous renal disease and renal 
failure, the renal failure was considered mainly due to 
atheromatous RAS in 22 of 32 patients.19 Yet in more 
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than half the group with RAS, biopsy or angiographic 
evidence of cholesterol embolization was observed, sug-
gesting a clear association with RAS in this population. 

In our study of 24 patients with biopsy evidence of 
renal cholesterol emboli, significant RAS was a finding 
in 19 patients. In older persons with generalized atheros-
clerosis and longstanding hypertension, progressive 
renal insufficiency should suggest the possibility of renal 
artery occlusive disease and/or renal cholesterol emboli-
zation. Confirmation of either is not possible without 
appropriate arteriography and/or renal biopsy. 

Clinical and/or angiographic evidence of significant 
arteriosclerotic occlusive disease in major vessels other 
than the kidney is important and should raise the suspi-
cion of RAS in this population. In addition to aortic 
atherosclerotic obliterans, observed in all patients, sig-
nificant ilio-femoral atherosclerosis obliterans was pre-
sent in 18 patients, two-thirds of whom had intermittent 
claudication. 

A history consistent with clinically apparent coro-
nary artery disease was evident in 22 of 24 patients on 
the basis of a history of angina pectoris and electrocardi-
ographic evidence of prior myocardial infarction arid/or 
angiographic evidence of coronary occlusive disease. Ex-
tracranial carotid occlusive disease was suggested by a 
history of transient ischemic attacks or stroke in 18 of 24 
patients, confirmed by carotid ultrasound or artério-
graphie studies in 15 individuals. Nine individuals had 
already required carotid endarterectomies prior to bi-
opsy, and one additional patient underwent the proce-
dure after biopsy, following a transient ischemic attack. 
This association has contributed to the high risk 
formerly associated with operative treatment of reno-
vascular disease and has clearly contributed to the late 
mortality observed in these patients.20,21 

An aggressive approach to preliminary screening and 
correction of existing coronary or cerebrovascular occlu-
sive disease, and more effective surgical revasculariza-
tion techniques that avoid operation on a badly diseased 
aorta, have led to a more acceptable surgical morbidity 
and mortality.22-25 Only two patients in this series were 
treated with PTRA. Our experience and that of others 
suggests limited value of PTRA in patients with ostial 
atherosclerotic lesions.26-28 

The presence of longstanding hypertension in this 
population is not surprising. Recent onset (within six 
months) of hypertension in two patients (ages 54 and 71 
years) and recent worsening of established hypertension, 
usually within six months of renal biopsy, represent well-
recognized clinical clues suggestive not only of renal 
cholesterol emboli but also of progressive renal arterial 
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occlusion. Recent worsening of hypertension observed 
in four patients without RAS clearly implicates renal 
cholesterol embolization as an inciting event. In the re-
maining patients, progressive hypertension was possibly 
due to atherosclerotic disease of the renal arteries and 
cholesterol embolization. 

Progressive renal failure was evidenced in 20 of 24 
patients prior to renal biopsy; four were already on main-
tenance dialysis. Renal failure associated with RAS is 
also well recognized." A review of event lines relating 
interventional procedures to changes in renal failure 
suggested, from the rapidity of renal failure (Figure I), 
that atheroembolism was associated in seven individu-
als. The rapid decline in renal function observed would 
not be expected from the natural history of athero-
sclerotic RAS, short of sudden arterial occlusion. 

The role of nephrotoxicity of contrast media must be 
considered in the differential diagnosis of rapidly pro-
gressive renal failure following contrast-enhanced pro-
cedures in patients with impaired renal function. The 
suspicion of cholesterol embolization should be 
heightened when renal function fails to improve after 
one to two weeks. Renal function did hot return to the 
pre-procedure baseline in these seven patients and, 
where available, urinary sediment changes were not 
consistent with contrast-medium-induced acute renal 
failure (dirty brown casts). The retrospective nature of 
this study does not allow comment regarding clinical 
and experimental observations of high eosinophil 
counts, thrombocytopenia, and iow serum complement 
levels, which might have helped implicate renal 
cholesterol embolization.16,29 

Of 11 SR patients followed for an average of 22.7 
months, improvement in renal function was seen in five, 
including two patients in whom dialysis was discon-
tinued after successful SR. In these five patients, RAS 
clearly contributed to the renal failure and, in two, must 
be considered a treatable cause of end-stage renal dis-
ease. In the remainder, renal function was unchanged 
after SR, including one patient on dialysis at the time of 
SR who derived no benefit from surgery (Patient 15). 

Two patients were treated with PTRA and one for 
whom follow-up was available showed improved renal 
function during a follow-up of 20 months. Persistence of 
some degree of renal impairment following intervention 
suggests that cholesterol embolization contributed to 
the renal failure. Obviously, other factors can also be 
considered likely contributors to renal failure in this 
population including: advanced age, generalized 
atherosclerosis and arteriolar nephrosclerosis, and uni-
lateral intervention (PTRA or SR) despite evidence of 
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bilateral RAS in many patients. 
It was not surprising that technically successful 

PTRA or SR did not result in persistent improvement in 
pharmacologic requirements for blood pressure control 
in the majority of patients. Hypertension requiring two 
or more drugs was present at the time of intervention. 
Uncontrollable hypertension is unusual with currently 
available drugs, as evidenced by an average blood pres-
sure of 188/97 mmHg in 24 patients prior to renal bi-
opsy. It is apparent that both the progressive renal failure 
and hypertension represent an admixture of cholesterol 
embolization and hemodynamically significant RAS in 
most patients (19 of 24). 

It is clear that both atherosclerotic renovascular dis-
ease and/or renal cholesterol embolization must be con-
sidered in older patients with generalized arteriosclerosis 
and longstanding hypertension who present with pro-
gressive renal insufficiency. Recent worsening of hyper-
tension is characteristic of either diagnosis; rapid or in-
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sidered. 
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