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4

Abstract5

Atherosclerosis is a generalized and inflammatory vascular disease frequently associated with6

renal disease and dysfunction (1) and one of the major causes of premature death in the7

United States today(2,3). Diverse renal vascular diseases, including atherosclerotic renal8

disease (ARVD), account for more than one third of all cases of ESRD.(4) Atherosclerotic9

plaques are present in up to 3010

11

Index terms—12

1 Introduction13

therosclerosis is a generalized and inflammatory vascular disease frequently associated with renal disease and14
dysfunction (1) and one of the major causes of premature death in the United States today (2,3). Diverse renal15
vascular diseases, including atherosclerotic renal disease (ARVD), account for more than one third of all cases16
of ESRD.( ??) Atherosclerotic plaques are present in up to 30% of patients with CKD and ARVD is among the17
common causes of CKD in Western societies (5,6). Atherosclerotic changes in the renal artery are evident in18
50% of patients with atherosclerotic disease previously (7) and in 6.8% of adults > 65 years or age, they induce19
significant (>60%) renal artery stenosis. (8)In this review we discuss the pathogenesis and types of atherosclerotic20
renal disease in elderly including atherosclerotic renovascular disease and atheroembolic renal disease.21

2 II.22

3 Pathogenesis23

Atherosclerosis results from a series of cellular and molecular responses to endogenous and exogenous insults, and24
cellular events involved early in atherogenesis resemble those triggered in other forms of CKD. Perhaps because25
glomerular cells mimic some of the characteristics of cells in the vessel wall, atherosclerosis and glomerulosclerosis26
are postulated as comparable processes (9,10,11) At an earlier stage, hypertension and atherosclerosis may27
be intimately linked through their effects on endothelial function. A dysfunctional endothelium allows28
adhesion of lipid-filled macrophages and consequent chemotaxis and aggregation of inflammatory cells. In29
large vessels, hypertension favors atherosclerosis progression primarily by accelerating the conversion of fatty30
streaks to raised lesions.12 Eventually, the vascular lesions can progress to vessel wall necrosis (fibrinoid31
necrosis, necrotizing arteriolitis, and hyperplastic arteriolosclerosis),which may extend to the glomerulus as well32
(necrotizing glomerulitis). 13 Upregulation of angiotensin-converting enzyme and angiotensinII in the walls of33
atherosclerotic arteries underscores the role of the renin-angiotensin system in the pathogenesis of atherosclerosis34
in hypertension. Ang II leading to an increase in reactive oxygen species (ROS) production (eg, superoxide anion)35
and consequently increased oxidative stress. 1436

4 Atherosclerotic Renovascular Disease37

Chronic ischemic renovascular disease is an increasingly recognized disorder. The prevalence and incidence of38
atherosclerotic renovascular disease based upon administrative data in the general population greater than 6539
years of age were estimated to be 0.5 percent and 3.7 per 1000 patient-years, respectively.It has been estimated40
that ischemic renovascular disease may beresponsible for 5 to 22 percent of patients with advanced renal failure41
who are over the age of 50 [16][17][18][19].42
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5 A) CLINICAL CLUES

5 a) Clinical Clues43

There are a number of clinical findings that suggest an increased likelihood of secondary hypertension, some of44
which specifically suggest the presence of renovascular disease. These clinical clues are important for a second45
reason in patients with renovascular disease that is diagnosed on an imaging study performed for some other46
reason. In such patients, the absence of any of these clues makes it much less likely that the renovascular disease47
is responsible for hypertension, if present, and therefore makes benefit from percutaneous or surgical intervention48
less likely. This is an important issue since bilateral (or unilateral) atherosclerotic renovascular disease can49
be an incidental finding on angiography for peripheral artery disease, occurring in patients with little or no50
hypertension [20,21]. Such patients do not require therapy directed at the renal vasculature, since there is no51
evidence that revascularization will improve renal or other outcomes in this setting Catheter angiography using52
X-radiation and iodinated contrast injected by catheters is the gold standard for the diagnosis of renal artery53
stenosis. (22) It offers the highest spatial and temporal resolution available for anatomically visualizing main54
and branch renal artery stenoses. However, this method shows large interobserver variation for the location and55
grade of stenosis (k concordance coefficients 0.26e 0.70). (23,24) An important advantage of catheter angiography56
is that a hemodynamically significant stenosis can be immediately treated in the same session. Improvements57
in imaging techniques with greatly increased contrast resolution and optimized catheter shapes, have resulted58
in reduction iodinated contrast exposure. Use of carbon dioxide or gadolinium instead of iodinated contrast to59
reduce nephrotoxicity has been explored with equivocal results. This invasive intervention is associated with60
the risk of contrast induced renal dysfunction, atheroembolic episodes, bleeding, dissection and arterial injury61
and thus is not a suitable screening technique as RAS is responsible for only a small group of patients with62
uncontrolled hypertension and renal failure.63

ii. Ultrasound Ultrasounds seem to be an ideal screening modality for RAS as it is noninvasive with low cost64
and free from risks of radiation exposure and contrast related renal dysfunction. It is observer dependant its65
accuracy varies between 60 and 90% especially transplant kidney. (25,26) The major drawback of this modality is66
poor visualization of the entire renal artery missing the highest peak systolic velocity at a stenosis using spectral67
Doppler tracing. Besides this accessory renal arteries are generally not well visualized. Due to abdominal gas68
and fat limits the visualization of renal vasculature resulting in increased rate of technical failure in comparison69
to other modalities. RAS can be both proximal and distal based on certain criteria.70

iii. Doppler criteria for RAS Proximal criteria These are direct signs obtained at the site of the stenosis. Four71
criteria are used to diagnose significant proximal stenosis or occlusion of the RA.The first and most important72
sign is the increase in peak systolic velocity (PSV). Velocities >180 cm/s suggest stenosis of >60%, while an73
end-diastolic velocity >150 cm/s suggests a degree of stenosis >80%. In a metaanalysis, PSV was the best74
predictor of RAS, with a sensitivity and specificity of 85% and 92%, res-pectively. 40The third criterion is the75
identification of RAS with no detectable Doppler signal, a finding that indicates occlusion. The fourth criterion76
is the visualization of color artifacts such as aliasing at the site of the stenosis and the presence of turbulence at77
Doppler evaluation indicating the presence of a significant stenosis ? Onset of hypertension at >55 years of age.78

? Accelerated, treatment resistant or malignant hypertension. ? Unexplained difference in kidney size >1.579
cm.80

? Recurrent unexplained pulmonary edema.81
? Worsening renal function after ACE inhibitor treatment. ? Unexplained renal dysfunction.82
? Evidence of peripheral artery disease or CAD. upstream.Usually, these two patterns are the first and83

immediate signs of a stenosis. (27,28) the complete examination and 14 min for the distal evaluation) have led84
several investigators to search for and to identify waveform alterations, other than increased velocity, distal to85
the stenosis in arterial segments more accessible with Doppler US (i.e., hilar or interlobar arteries).The rationale86
is that the flow at the renal hilum downstream to a hemodynamically significant stenosis should become damped87
and show c) Distal criteria88

The difficulties related to the direct evaluation of the stenosis (the mean examination time was 69 min for been89
called the ”tardus parvus” effect. Tardus means a slow rise to the peak systole.This phenomenon has slow and90
late and parvus means small and little.Tardus refers to the fact that systolic acceleration of the waveform is slow91
with consequent increase in time to reach the systolic peak.Parvus refers to the fact that the systolic peak is of92
low height, indicating a slow velocity. A retarded acceleration of less than 3.0 m/s2, and increased acceleration93
time greater than 0.08-0.10 s. However, these findings may be less specific than peak systolic velocity in the main94
renal artery and ideally should be used to support the diagnosis based on peak systolic velocity. d) Resistive95
index RI measures the degree of intrarenal arterial impedance and is calculated using the following formula:96
([PSV _end-diastolic velocity] / PSV). RI values measured in healthy subjects show a significant dependence97
on age and the area sampled. The values in the main RA are higher in the hilar region (0.65, 0.17) than in98
the more distal small arteries, and they are lowest in the interlobar arteries(0.54, 0.20). Intrinsic renal diseases99
(i.e., nephroangiosclerosis, hypertension, tubularinterstitial disease, diabetes mellitus, and severe bradycardia)100
can cause an increase of RI, even in the presence of normal serum creatinine levels. RI >0.8 suggests reduced101
benefit from intervention.( ??9) i. Computed tomographic angiography Advances in CT technology can provide102
accurate anatomic images of even small renal arteries. A review of 8 studies reveals an average sensitivity of CTA103
for a diagnosis of significant stenosis of 92% (range 64%-100%), an average specificity of 90% (range 56%-99%),104
and an average positive predictive value of 88% (range 68%-98%).( ??5) Compared to conventional angiography,105
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CTA is less invasive with faster acquisition, offers better soft tissue visualization, and allows multiplanar imaging106
of the renal arteries in any obliquity. The accuracy is comparable to MRA; however, CTA has the risks of ionizing107
radiation and nephrotoxicity from iodinated contrast agents. Also, when there is severe calcification in the renal108
arteries, the luminal narrowing may be obscured. However, a major limitation of CTA is that itprovides only an109
anatomic but not a physiologic assessment of the stenosis. So the widely accepted anatomic criterion of a 75%110
decrease in cross-sectional area for diagnosing severe and significant stenosis to predict the functional significance111
of the stenosis without considering the influence of renal blood flow may not be correct. A morphologically severe112
stenosis might not induce a pressure gradient if the artery has slowflow dueto renal parenchymal impairment.113
There is no benefit from dilating a severe stenosis when the ischemic nephropathy is already end-stage. It is a114
class I, LOE B recommendation based on ACC/AHA guidelines to establish the diagnosis of RAS in patients115
with normal renal function. (36) ii. Magnetic resonance angiography 3-dimensional (3D) gadolinium magnetic116
resonance angiography (MRA) is accurate for diagnosing renal artery stenosis, comparable to CTA and superior to117
ultrasound and captopril renography. [30] ??31] The median sensitivity and specificity, compared to conventional118
catheter angiography, respectively, are 92% and 93.5% without contrast and 96% and 93% with contrast. It119
not only provides high-quality noninvasive anatomic images but also has the distinct advantage of providing a120
functional assessment of blood flow and organ function. Some of the divergence in the MRA literature results121
from some investigators defining stenosis based solely on anatomic criteria. The variety of pulse sequences in122
MRI that assess organ function complement anatomic information. Combining luminal imaging with functional123
pulse sequences may offer more comprehensive evaluation of the kidneys without markedly increasing scanning124
time or cost.125

6 e) Other screening tests126

Other noninvasive screening tests, such as an intravenous pyelogram, plasma renin activity, the captopril127
renogram, and renal vein renin measurements are no longer considered suitable for screening patients because of128
their poor sensitivity and specificity. Some of the important ones are going to be discussed below.129

7 f) Plasma renin activity130

The baseline plasma renin activity (PRA) is elevated in only 50-80 percent of patients with renovascular131
hypertension. The utility of peripheral PRA is reportedly enhanced when measured in the morning with132
the patient in the seated position and when indexed against urinary sodium excretion; when measured under133
these exacting circumstances, a high peripheral PRA is found in 75%e80% of patients with proven renovascular134
hypertension. A very low PRA (e.g., less than 0.3 ng/mL/h) indexed against a normal urinary sodium excretion135
in the absence of drugs known to suppress rennin argue against RAS. 32 The predictive value can be increased136
by measuring the rise in the plasma renin Oral captopril (25-50 mg) is given 1 h before the isotope is injected.137
The efficacy of this test is based upon the typical ACE inhibitor-induced decline in GFR in the stenotic kidney,138
often accompanied by an equivalent increase in GFR in the contralateral kidney due to removal of angiotensin139
II-mediated vasoconstriction. The net effect is that the difference between the two kidneys is enhanced. A140
marker of glomerular filtration, such as DTPA, or compounds that are secreted by the proximal tubule, such141
as hippurate and MAG3, have been used. The latter may be more reliable in patients with renal insufficiency.142
Three criteria were established for diagnosing renal artery stenosis: A percent uptake of DTPA by the affected143
kidney of less than40% of the combined bilateral uptake. A delayed time to peak uptake of DTPA, which was144
more than 5 min longer in the affected kidney than in the contralateral kidney. A delayed excretion of DTPA,145
with retention at 15 min, as a fraction of peak activity, more than 20% greater than in the contralateral kidney.146
The sensitivity and specificity of the ACE inhibitor scan may, in high-risk populations, exceed 90 percent for147
highgrade stenotic lesions and for a successful antihypertensive response to correction of the stenosis. It has got148
a high negative predictive value (90%).34,35 In 2005 ACC/AHA guidelines suggested that it should not be used149
as a screening test for the diagnosis of renal artery stenosis. (36) h) Renal vein renin levels These measurements150
are obtained by sampling renal vein and inferior vena cava blood individually. The level of the vena cava is taken151
as comparable with the arterial levels into each kidney and allows estimation of the contribution of each kidney152
to total circulating levels of plasma renin activity.153

8 i) Progression154

The loss of renal function in renovascular disease can result from a usually reversible consequence of antihy-155
pertensive therapy or an irreversible reflection of progressive narrowing of the renal arteries and/or progressive156
intrinsic renal disease. It is unclear what percentage of renal vascular lesions initially found to be stenosed are157
physiologically important, leading to hypertension and/or renal insufficiency. Few patients with renal artery158
stenosis that is incidentally discovered on angiography performed for some other reason (eg, peripheral artery159
disease) progress to end-stage renal disease at prolonged follow-up. [21]160

9 j) Medical Therapy161

The principal specific management options in patients with chronic ischemic renovascular disease are medical162
therapy, angioplasty (usually with stent placement), and surgery. A systematic review of management strategies163
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13 RENAL ATHEROEMBOLI

for renal artery stenosis in general, including bilateral renal artery stenosis associated with renal insufficiency,164
concluded that the published evidence was inadequate to draw any robust conclusions [38].165

Patients with atherosclerosis should be aggressively treated for secondary prevention of cardiovascular disease.166
These modalities include aspirin, statins, blood pressure control, cessation of smoking, and, in patients with167
diabetes, glycemic control. Medical therapy with antihypertensive drugs, particularly ACE inhibitors or168
angiotensin II receptor blockers (ARBs), can effectively control the blood pressure in most patients with bilateral169
renal artery stenosis [39]. Although now uncommon, hypertension can be resistant to antihypertensive therapy;170
such patients may be candidates for revascularization. In addition to issues related to blood pressure control and171
progressive renal artery atherosclerosis, these patients are also at risk for extrarenal cardiovascular events.172

IV.173

10 Revascularization a) Possible indications for intervention174

Renal revascularization with surgery or percutaneous techniques may be considered in the following settings175
[40][41][42][43]:176

? Severe or refractory hypertension ? Recurrent episodes of flash pulmonary edema ? Possibly, otherwise177
unexplained progressive renal insufficiency ? An inability to maintain renal function as the systemic blood178
pressure is lowered, even with medical therapies other than angiotensin inhibition It has been suggested that179
stable renal insufficiency in the presence of marked bilateral stenoses is an indication for intervention. However,180
intervention in the absence of the above indications, such as bilateral significant renovascular disease (or unilateral181
disease in a single viable kidney) as an incidental finding during coronary angiography, is not recommended [36].182

By comparison, variable results relating to renal function outcomes are observed after either surgery or183
percutaneous interventions. This is an important issue. The observations cited above that progressive renal184
artery stenosis is common on repeat angiography or Doppler ultrasonography and may be associated with an185
elevation in serum creatinine does not necessarily mean that intervention for reasons other than the above186
indications will improve outcomes. Many such patients remain stable with medical therapy alone [44].187

When considering revascularization in chronic ischemic renovascular disease, the ability to identify patients188
likely to benefit in terms of renal outcomes remains difficult. Prolonged renal ischemia can lead to renal189
atrophy that is characterized histologically by tubular loss and a chronic interstitial nephritis [45][46]. Although190
nonspecific, an elevated serum creatinine concentration suggests the presence of these irreversible processes.191

Older studies suggested that clinically significant functional recovery can be achieved with revascularization if192
filling of the distal renal arterial tree is seen (thereby allowing bypass to be performed) and if one or more of the193
following criteria is present [47]:194

? Visualization of the collecting system either on an intravenous pyelogram or during the pyelogram phase195
after renal arteriography. ? Kidney length ?9 cm.196

? The presence of intact glomeruli on frozen section biopsy obtained at the time of surgery. ? Presence of197
high resistive index.198

11 b) Summary199

All patients with atherosclerotic renovascular disease should be treated with risk factor reduction according to200
current guidelines for secondary prevention of cardiovascular disease.201

12 c) Management202

Atherosclerotic renal artery lesions may remain stable or progress over time to greater degrees of stenosis at203
widely varying rates. There is no consensus about the exact approach and the optimal time to intervene since204
clinical trial data are limited.205

The relative efficacy of surgery and angioplasty with stent placement have not been compared in a randomized206
trial. However, surgery is associated with an appreciable rate of in-hospital mortality (about 10 percent in a207
national review in the United States) [48]. As a result, the revascularization procedure of choice in most centers208
is percutaneous angioplasty with stent implantation [49][50][51][52]. This recommendation is based upon clinical209
experience and the success of stenting in coronary lesions.210

When intervention is performed, surgery was particularly recommended in the 2005 ACC/AHA guidelines in211
patients with multiple small renal arteries, early primary branching of the main renal artery, or require aortic212
reconstruction near the renal arteries for other indications (eg, aneurysm repair or severe aortoiliac occlusive213
disease) [36].214

V.215

13 Renal Atheroemboli216

Renal and systemic atheroemboli (also called cholesterol crystal emboli) usually affect older patients with diffuse217
erosive atherosclerosis. Cholesterol crystal embolization occurs when portions of an atherosclerotic plaque break218
off and embolize distally, resulting in partial or total occlusion of multiple small arteries (or glomerular arterioles),219
leading to tissue or organ ischemia [53].220
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14 a) Risk Factors221

Atheroembolization is a complication of severe atherosclerosis. Thus, risk factors for atheroembolic disease, such222
as older age, male sex, diabetes, arterial hypertension, hypercholesterolemia, and cigarette smoking, are the same223
as for the development of atherosclerosis [54][55][56][57][58][59][60].224

i. Inciting events Once formed, an atherosclerotic plaque may be disrupted by a variety of inciting events,225
producing cholesterol crystal emboli. These inciting events can be classified broadly into the following :226

? Iatrogenic event, usually induced by angiography, cardiovascular surgery, or anticoagulation ? Spontaneous227
event, induced by hemodynamic stress Cholesterol crystal embolization is iatrogenic in more than 70 percent of228
cases [61][62]. It is often seen following manipulation of the aorta or other large arteries during angiography,229
angioplasty, or cardiovascular surgery. Mechanical aortic trauma, induced by radiological catheters or vessel230
manipulation/clamping, causing plaque disruption, has a key role [46][47][48]. Angiography is the most common231
triggering event, accounting for as many as 80 percent of iatrogenic cases [63][64][65][66]. The incidence of232
clinically apparent atheroemboli after angiography has not been well defined.233

It has also been suggested that treatment with warfarin, heparin, or thrombolytic agents may cause234
atheroemboli, perhaps because anticoagulation may interfere with the healing of ulcerated atheromatous plaques235
??67][68]. However, anticoagulant-associated atheroembolism is uncommon, even in patients with severe aortic236
plaque (0.7 to 1 percent) [69][70]. In addition, most patients with atheroemboli associated with anticoagulation237
have a second potential trigger, usually recent angiography. Anticoagulation is the sole inciting event in only 7238
percent of such patients [48].239

Hemodynamic stress leading to spontaneous embolization was the most common form in historical reports240
[71][72][73][74]. However, as noted, most cases are now related to iatrogenic triggers. Severe hypertension may241
also be present. Less commonly, acute kidney injury occurring within one to two weeks after the inciting event242
may be seen, usually in association with massive embolization. Patients with renal atheroemboli are typically243
older (mean age 71 to 72 years in two large series) ,have a bland urine sediment [75][76], and have may have244
peripheral eosinophilia].245

However, kidney injury due to atheroemboli is not the most common presentation; rather, it is often found246
after the patient has presented in some other way. This is likely because, when it occurs, atheroembolism247
is ubiquitous, affecting varied vascular distributions. Thus, renal disease from atheroembolism is part of a248
multisystem disorder. The clinical presentation is more frequently related to atheroembolization of the skin249
(producing ”blue toe syndrome”) or livedo reticularis), mesentery (producing intestinal ischemia, gastrointestinal250
bleeding, or pancreatitis), and/or central nervous system (producing transient ischemic attack, confusion, or251
visual symptoms). Presenting symptoms may also be subtle and nonspecific, such as fever, myalgias, headache,252
and weight loss. In addition, patients at risk for atheroembolism are not routinely monitored for worsening253
kidney function.254

Atheroembolism is not uncommon as a cause of acute kidney injury in elderly patients. This was illustrated255
in a series 259 patients the of 60 years who underwent renal biopsy for acute kidney injury; 7 percent had256
atheroembolic disease [77].257

The renal manifestations of atheroembolic disease are usually different from those seen with clot emboli.258
Clot emboli primarily occur in patients with atrial arrhythmias or a prior myocardial infarction. They tend to259
produce complete arterial occlusion and renal infarction, leading to flank pain, hematuria, and an elevated lactate260
dehydrogenase with relatively normal transaminases [78].261

By comparison, atheroemboli are typically nondistensible and irregularly shaped; as a result, they tend to262
produce incomplete occlusion with secondary ischemic atrophy rather than renal infarction With time, a foreign263
body reaction often ensues, causing intimal proliferation, giant cell formation, and further narrowing of the264
vascular lumen. This reaction presumably contributes to the progressive decline in renal function that often265
occurs for three to eight weeks after the procedure.266

15 c) Urinary findings267

The urinalysis in patients with renal atheroemboli is typically benign with few cells or casts, a finding consistent268
with ischemic atrophy [79][80]. Proteinuria is usually not a prominent feature, except in patients with underlying269
diabetic nephropathy; however, nephrotic-range proteinuria (as high as 11 g/day) has been rarely reported [78].270
Some patients have an active urinary sediment, including hematuria and, rarely, red cell casts. In this setting,271
an acute glomerulonephritis or vasculitis may be suspected, particularly if there are extrarenal manifestations.272

Eosinophiluria also may be seen if the urine sediment is examined with Hansel’s stain soon after the renal273
atheroemboli [79].274

16 i. Eosinophilia and hypocomplementemia275

Two other abnormalities that commonly occur during the acute phase are eosinophilia and hypocomplementemia;276
these changes may reflect immunologic activation at the surface of the exposed atheroemboli [80][81][82][83].277
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17 ii. Evaluation and Diagnosis278

The diagnosis of renal atheroemboli requires a high index of suspicion and knowledge of the associated risk279
factors. A clinical diagnosis can be made when a potential inciting event (usually angiography) is followed by280
the delayed onset of kidney injury (typically several weeks or longer rather than hours or days), particularly281
when there are signs of extrarenal atheroemboli. Renal biopsy is regarded as the definitive method for diagnosis.282
Alternatively, biopsy of a skin lesion (if present) is a simple, minimally invasive procedure with a high diagnostic283
yield. Less commonly, histological confirmation may be made in other organs, such as the gastrointestinal track.284

Conversely, renal biopsy is crucial for diagnosis of cases with a chronic, smoldering presentation of renal285
atheroembolization. A tissue sample is also required to make a definitive diagnosis in patients presenting with a286
spontaneous (rather than iatrogenic) form of the disorder.287

18 d) Treatment And Prognosis288

There is no specific therapy for atheroembolic renal disease. Therapeutic modalities are mostly preventive and289
supportive. These modalities include statins, aspirin, blood pressure control, cessation of smoking, and, in290
patients with diabetes, glycemic control.In patients with atheroembolic disease, secondary prevention relies upon291
removal of the causes of atheroembolism and prevention of new showers of atheroemboli. Consideration should292
be given in affected patients to withdrawal of anticoagulation and avoidance or postponement of new radiologic293
and/or vascular surgery procedures, if possible. Observational studies suggest that statin use may be associated294
with better outcomes [82,83]. A potential benefit of low-dose steroids has been reported in retrospective series295
[69], but this finding was not confirmed in a prospective study [82].296

19 Volume XIV Issue IV Version I297

Figure 1:

1298

1© 2014 Global Journals Inc. (US)

6



Figure 2:

7



19 VOLUME XIV ISSUE IV VERSION I

8



[Rajagopalan et al.] , S Rajagopalan , S Kurz , T Munzel , M Tarpey , B A Freeman , K K Griendling , D G299
Harrison .300

[Svetkey et al. ()] , L P Svetkey , S Kadir , N R Dunnick . Hypertension 1991. 17 p. 678.301

[ Arterioscler Thromb Vasc Biol ()] , Arterioscler Thromb Vasc Biol 1998. 18 p. .302

[Baumann et al. ()] ‘An institutional experience with arterial atheroembolism’. D S Baumann , D Mcgraw , B303
G Rubin . Ann Vasc Surg 1994. 8 p. 258.304

[Angiotensin II-mediated hypertension in the rat increases vascular superoxide production via membrane NADH/NADPH oxidase activation]305
Angiotensin II-mediated hypertension in the rat increases vascular superoxide production via membrane306
NADH/NADPH oxidase activation,307

[Pedersen ()] ‘Angiotensin-converting enzyme inhibitor renography. Pathophysiological, diagnostic and thera-308
peutic aspects in renal artery stenosis’. E B Pedersen . Nephrol Dial Transplant 1994. 9 p. 482.309

[Modi and Rao ()] ‘Atheroembolic renal disease’. K S Modi , V K Rao . J Am Soc Nephrol 2001. 12 p. 1781.310

[Scolari and Ravani ()] ‘Atheroembolic renal disease’. F Scolari , P Ravani . Lancet 2010. 375 p. 1650.311

[Cosio et al. ()] ‘Atheroembolic renal disease causes hypocomplementaemia’. F G Cosio , R A Zager , H M312
Sharma . Lancet 1985. 2 p. 118.313

[Thadhani et al. ()] ‘Atheroembolic renal failure after invasive procedures. Natural history based on 52 histo-314
logically proven cases’. R I Thadhani , C A CamargoJr , R J Xavier . Medicine (Baltimore) 1995. 74 p.315
350.316

[Meyrier et al. ()] ‘Atheromatous renal disease’. A Meyrier , P Buchet , P Simon . Am J Med 1988. 85 p. 139.317

[Ross ()] ‘Atherosclerosis-an inflammatory disease’. R Ross . N Engl J Med 1999. 340 p. .318

[Ross ()] ‘Atherosclerosis-an inflammatory disease’. R Ross . N Engl J Med 1999. 340 p. .319

[Scoble and Hamilton ()] ‘Atherosclerotic renovascular disease’. J E Scoble , G Hamilton . BMJ 1990. 300 p.320
1670.321

[Kalra et al. ()] ‘Atherosclerotic renovascular disease in United States patients aged 67 years or older: risk factors,322
revascularization, and prognosis’. P A Kalra , H Guo , A T Kausz . Kidney Int 2005. 68 p. 293.323

[Marcussen ()] ‘Atubular glomeruli in renal artery stenosis’. N Marcussen . Lab Invest 1991. 65 p. 558.324

[Simon and Coleman ()] ‘Captopril-stimulated renal vein renin measurements in the diagnosis of atheroscleroti-325
crenovascular hypertension’. G Simon , C C Coleman . Am J Hypertens 1994. 7 p. .326

[Abrass ()] ‘Cellular lipid metabolism and the role of lipids in progressive renal disease’. C K Abrass . Am J327
Nephrol 2004. 24 p. .328

[Sharma et al. ()] ‘Changing patterns of atheroembolism’. P V Sharma , S C Babu , P M Shah , Z E Nassoura .329
Cardiovasc Surg 1996. 4 p. 573.330

[Scolari et al. ()] ‘Cholesterol crystal embolism: A recognizable cause of renal disease’. F Scolari , R Tardanico ,331
R Zani . Am J Kidney Dis 2000. 36 p. 1089.332

[Gupta et al. ()] ‘Cholesterol crystal embolization-associated renal failure after therapy with recombinant tissue-333
type plasminogen activator’. B K Gupta , B S Spinowitz , C Charytan , S J Wahl . Am J Kidney Dis 1993.334
21 p. 659.335

[Fine et al. ()] ‘Cholesterol crystal embolization: a review of 221 cases in the English literature’. M J Fine , W336
Kapoor , V Falanga . Angiology 1987. 38 p. 769.337

[Richards Am and Kanjuh Vi ()] ‘cholesterol embolism: a multiple-system disease masquerading as polyarteritis338
nodosa’. Eliot Rs Richards Am , Kanjuh Vi . Am J Cardiol 1965. 15 p. 696.339

[Contribution to alterations of vasomotor tone J Clin Invest ()] ‘Contribution to alterations of vasomotor tone’.340
J Clin Invest 1996. 97 p. .341

[Radermacher et al. ()] ‘Detection of significant renal artery stenosis with color Doppler sonography: combining342
extrarenal and intrarenal approaches to minimize technical failure’. J Radermacher , A Chavan , J Scha¨ Ffer343
. Clin Nephrol 2000. 53 (5) p. .344

[Vasbinder et al. ()] ‘Diagnostic tests for renal artery stenosis in patients suspected of having renovascular345
hypertension: a meta-analysis’. G B Vasbinder , P J Nelemans , A G Kessels . 401e411. 31. Ann Intern346
Med 2001. 1991. 135 p. . (J Vasc Surg)347

[Harden et al. ()] ‘Effect of renal-artery stenting on progression of renovascular renal failure’. P N Harden , M J348
Macleod , R S Rodger . Lancet 1997. 349 p. 1133.349

[Balk et al. ()] ‘Effectiveness of management strategies for renal artery stenosis: a systematic review’. E Balk ,350
G Raman , M Chung . Ann Intern Med 2006. 145 p. 901.351

9



19 VOLUME XIV ISSUE IV VERSION I

[Kasinath and Lewis ()] ‘Eosinophilia as a clue to the diagnosis of atheroembolic renal disease’. B S Kasinath ,352
E J Lewis . Arch Intern Med 1987. 147 p. 1384.353

[Haas et al. ()] ‘Etiologies and outcome of acute renal insufficiency in older adults: a renal biopsy study of 259354
cases’. M Haas , B H Spargo , E J Wit , S M Meehan . Am J Kidney Dis 2000. 35 p. 433.355

[Li et al. ()] ‘Evaluation of renal artery stenosis with hemodynamic parameters of Doppler sonography’. J C Li356
, Y X Jiang , S Y Zhang . J Vasc Surg 2008. 48 p. .357

[Truong et al. ()] ‘Experimental chronic renal ischemia: morphologic and immunologic studies’. L D Truong , A358
Farhood , J Tasby , D Gillum . Kidney Int 1992. 41 p. 1676.359

[Greenberg et al. ()] ‘Focal segmental glomerulosclerosis associated with nephrotic syndrome in cholesterol360
atheroembolism: clinicopathological correlations’. A Greenberg , S I Bastacky , A Iqbal . Am J Kidney361
Dis 1997. 29 p. 334.362

[Greenberg et al. ()] ‘Focal segmental glomerulosclerosis associated with nephrotic syndrome in cholesterol363
atheroembolism: clinicopathological correlations’. A Greenberg , S I Bastacky , A Iqbal . Am J Kidney364
Dis 1997. 29 p. 334.365

[Diehm et al. ()] ‘High prevalence of peripheral arterial disease and comorbidity in 6880 primary care patients:366
crosssectional study’. C Diehm , A Schuster , J R Allenberg . Atherosclerosis 2004. 172 p. 95.367

[Kamanna et al.] Hyperlipidemia and kidney disease: concepts derived from histopathology and cell biology of the368
glomerulus, V S Kamanna , D D Roh , M A Kirschenbaum . Histol.369

[Rountas et al. ()] ‘Imaging modalities for renal artery stenosis in suspected renovascular hypertension: prospec-370
tive intraindivi dual comparison of color Doppler US, CT angiography, GD-enhanced MR angiography, and371
digital substraction angiography’. C Rountas , M Vlychou , K Vassiou . Ren Fail 2007. 29 p. .372

[O’hare et al. ()] ‘Impact of renal insufficiency on mortality in advanced lower extremity peripheral arterial373
disease’. A M O’hare , D Bertenthal , M G Shlipak . J Am Soc Nephrol 2005. 16 p. 514.374

[Leertouwer et al. ()] ‘Incidental renal artery stenosis in peripheral vascular disease: a case for treatment?’. T C375
Leertouwer , P M Pattynama , A Van Den Berg-Huysmans . Kidney Int 2001. 59 p. 1480.376

[Bax et al. ()] ‘Influence of atherosclerosis on agerelated changes in renal size and function’. L Bax , Y Van Der377
Graaf , A J Rabelink , A Algra , J J Beutler , W P Mali . Eur J Clin Invest 2003. 33 p. .378

[Kannel et al. ()] ‘Intermittent claudication. Incidence in the Framingham Study’. W B Kannel , J J SkinnerJr379
, M J Schwartz , D Shurtleff . Circulation 1970. 41 p. 875.380

[Van Jaarsveld et al. ()] ‘Interobserver variability in the angiographic assessment of renal artery stenosis’. B C381
Van Jaarsveld , H Pieterman , L C Van Dijk . J Hypertens 1999. 17 p. .382

[Dworkin and Jamerson ()] ‘Is renal artery stenting the correct treatment of renal artery stenosis? Case against383
angioplasty and stenting of atherosclerotic renal artery stenosis’. L D Dworkin , K A Jamerson . Circulation384
2007. 115 p. 271.385

[Isles et al. ()] ‘Management of renovascular disease: a review of renal artery stenting in ten studies’. C G Isles ,386
S Robertson , D Hill . QJM 1999. 92 p. 159.387

[National Institute of Diabetes, and Digestive and Kidney Diseases Health ()] ‘National Institute of Diabetes,388
and Digestive and Kidney Diseases’. Health 2003.389

[Haqqie et al. ()] ‘Nephrotic-range proteinuria in renal atheroembolic disease: report of four cases’. S S Haqqie ,390
R E Urizar , J Singh . Am J Kidney Dis 1996. 28 p. 493.391

[Haqqie et al. ()] ‘Nephrotic-range proteinuria in renal atheroembolic disease: report of four cases’. S S Haqqie ,392
R E Urizar , J Singh . Am J Kidney Dis 1996. 28 p. 493.393

[Modrall et al. ()] ‘Operative mortality for renal artery bypass in the United States: Results from the National394
Inpatient Sample’. J G Modrall , E B Rosero , S T Smith . J Vasc Surg 2008. 48 p. 317.395

[Rees et al. ()] ‘Palmaz stent in atherosclerotic stenoses involving the ostia of the renal arteries: preliminary396
report of a multicenter study’. C R Rees , J C Palmaz , G J Becker . Radiology 1991. 181 p. 507.397

[Hirsch et al. ()] Practice Guidelines for the management of patients with peripheral arterial disease (lower398
extremity, renal, mesenteric, and abdominal aortic): collaborative report from the American Association for399
Vascular Surgery/Society for Vascular Surgery, Society for Cardiovascular Angiography and Interventions,400
Society for Vascular Medicine and Biology, Society of Interventional Radiology, and the ACC/AHA Task401
Force on Practice Guidelines (Writing Committee to Develop Guidelines for the Management of Patients402
With Peripheral Arterial Disease): endorsed by the American Association of Cardiovascular and Pulmonary403
Rehabilitation, A T Hirsch , Z J Haskal , N R Hertzer . 2005.404

[Scolari et al. ()] ‘Predictors of renal and patient outcomes in atheroembolic renal disease: a prospective study’.405
F Scolari , P Ravani , A Pola . J Am Soc Nephrol 2003. 14 p. 1584.406

10



[Scolari et al. ()] ‘Predictors of renal and patient outcomes in atheroembolic renal disease: a prospective study’.407
F Scolari , P Ravani , A Pola . J Am Soc Nephrol 2003. 14 p. 1584.408

[Uzu et al. ()] ‘Prevalence and outcome of renal artery stenosis in atherosclerotic patients with renal dysfunction’.409
T Uzu , M Takeji , N Yamada , T Fujii , A Yamauchi , S Takishita , G Kimura . Hypertens Res 2002. 25 p. .410

[Van Ampting et al. ()] ‘Prevalence of atherosclerotic renal artery stenosis in patients starting dialysis’. J M Van411
Ampting , E L Penne , F J Beek . Nephrol Dial Transplant 2003. 18 p. 1147.412

[Khot et al. ()] ‘Prevalence of conventional risk factors in patients withcoronary heart disease’. U N Khot , M B413
Khot , C T Bajzer , S K Sapp , E M Ohman , S J Brener , S G Ellis , A M Lincoff , E J Topol . J Am Med414
Assoc 2003. 290 p. .415

[Hansen et al. ()] ‘Prevalence of renovascular disease in the elderly: a population-based study’. K J Hansen , M416
S Edwards , T E Craven , G S Cherr , S A Jackson , R G Appel , G L Burke , R H Dean . J Vasc Surg 2002.417
36 p. .418

[Mcgill et al.] ‘Relation of a postmortem renal index of hypertension to atherosclerosis and coronary artery size419
in young men and women’. H C McgillJr , C A Mcmahan , R E Tracy , M C Oalmann , J F Cornhill , E E420
Herderick , J P Strong . Pathobiological Determinants of Atherosclerosis in Youth PDAY) Research Group421

[Burket et al. ()] ‘Renal artery angioplasty and stent placement: predictors of a favorable outcome’. M W Burket422
, C J Cooper , D J Kennedy . Am Heart J 2000. 139 p. 64.423

[Kim et al. ()] ‘Renal artery imaging: a prospective comparison of intra-arterial digital subtraction angiography424
with conventional angiography’. D Kim , D H Porter , R Brown . Angiology 1991. 42 p. .425

[Lye et al. ()] ‘Renal cholesterol embolic disease. Case report and review of the literature’. W C Lye , J S Cheah426
, R Sinniah . Am J Nephrol 1993. 13 p. 489.427

[Mannesse et al. ()] ‘Renal failure and cholesterol crystal embolization: a report of 4 surviving cases and a review428
of the literature’. C K Mannesse , P J Blankestijn , A J Man In ’t Veld , M A Schalekamp . Clin Nephrol429
1991. 36 p. 240.430

[Mailloux et al. ()] ‘Renal vascular disease causing end-stage renal disease, incidence, clinical correlates, and431
outcomes: a 20-year clinical experience’. L U Mailloux , B Napolitano , A G Bellucci . Am J Kidney Dis 1994.432
24 p. 622.433

[Appel et al. ()] ‘Renovascular disease in older patients beginning renal replacement therapy’. R G Appel , A J434
Bleyer , S Reavis , K J Hansen . Kidney Int 1995. 48 p. 171.435

[Plouin et al. ()] ‘Restenosis after a first percutaneous transluminal renal angioplasty’. P F Plouin , B Darne´ ,436
G Chatellier . Hypertension 1993. 21 p. .437

[Kumar et al. ()] ‘Saunders: an imprint of’. V Kumar , R Cotran , S Robbins . Basic Pathology, (Philadelphia,438
Pa) 2003. Elsevier Science. (7th ed.)439

[Amann et al. ()] ‘Special characteristics of atherosclerosis in chronic renal failure’. K Amann , K Tyralla , M L440
Gross , T Eifert , M Adamczak , E Ritz . Clin Nephrol 2003. 60 (1) p. . (suppl)441

[Belenfant et al. ()] ‘Supportive treatment improves survival in multivisceral cholesterol crystal embolism’. X442
Belenfant , A Meyrier , C Jacquot . Am J Kidney Dis 1999. 33 p. 840.443

[Belenfant et al. ()] ‘Supportive treatment improves survival in multivisceral cholesterol crystal embolism’. X444
Belenfant , A Meyrier , C Jacquot . Am J Kidney Dis 1999. 33 p. 840.445

[Scolari et al. ()] ‘The challenge of diagnosing atheroembolic renal disease: clinical features and prognostic446
factors’. F Scolari , P Ravani , R Gaggi . Circulation 2007. 116 p. 298.447

[Scolari et al. ()] ‘The challenge of diagnosing atheroembolic renal disease: clinical features and prognostic448
factors’. F Scolari , P Ravani , R Gaggi . Circulation 2007. 116 p. 298.449

[Smith et al. ()] ‘The clinical spectrum of renal cholesterol embolization’. M C Smith , M K Ghose , A R Henry450
. Am J Med 1981. 71 p. 174.451

[Shurrab et al. ()] ‘The importance of associated extra-renal vascular disease on the outcome of patients with452
atherosclerotic renovascular disease’. A E Shurrab , P Macdowall , J Wright , H Mamtora , P A Kalra .453
Nephron Clin Pract 2003. 93 p. .454

[Fukumoto et al. ()] ‘The incidence and risk factors of cholesterol embolization syndrome, a complication of455
cardiac catheterization: a prospective study’. Y Fukumoto , H Tsutsui , M Tsuchihashi . J Am Coll Cardiol456
2003. 42 p. 211.457

[Newman et al. ()] ‘The role of comorbidity in the assessment of intermittent claudication in older adults’. A B458
Newman , B L Naydeck , K Sutton-Tyrrell . J Clin Epidemiol 2001. 54 p. 294.459

[Hua et al. ()] ‘The use of colorflow duplex scanning to detect significant renal artery stenosis’. H T Hua , D B460
Hood , C C Jensen , S E Hanks , F A Weaver . Ann Vasc Surg 2000. 14 p. .461

11



19 VOLUME XIV ISSUE IV VERSION I

[Olin et al. ()] ‘The utility of duplex ultrasound scanning of the renal arteries for diagnosing significant renal462
artery stenosis’. J W Olin , M R Piedmonte , J R Young , S Deanna , M Grubb , M B Childs . Ann Intern463
Med 1995. 122 p. .464

[Trans Atlantic Inter-Society Consensus; and Vascular Disease Foundation Circulation ()] ‘Trans Atlantic Inter-465
Society Consensus; and Vascular Disease Foundation’. Circulation 2006. 113 p. e463.466

[Tunick et al. ()] ‘Transesophageal echocardiographic correlates of thromboembolism in high-risk patients with467
nonvalvular atrial fibrillation. The Stroke Prevention in Atrial Fibrillation Investigators Committee on468
Echocardiography’. P A Tunick , A C Nayar , G M Goodkin . Ann Intern Med 2002. 1998. 90 (1320) p.469
639. (Am J Cardiol)470

[Van De Ven et al. ()] ‘Transluminal vascular stent for ostial atherosclerotic renal artery stenosis’. P J Van De471
Ven , J J Beutler , R Kaatee . Lancet 1995. 346 p. 672.472

[Novick et al. ()] ‘Trends in surgical revascularization for renal artery disease. Ten years’ experience’. A C Novick473
, M Ziegelbaum , D G Vidt . JAMA 1987. 257 p. 498.474

[Tunick et al. (ed.) ()] P A Tunick , Kronzon I Atheroembolism . Vascular Medicine: A Companion to475
Braunwald’s Heart Disease, M Creager, V J Dzau, J Loscalzo (ed.) (Philadelphia) 2006. Elsevier.476

[Choudhri et al. ()] ‘Unsuspected renal artery stenosis in peripheral vascular disease’. A H Choudhri , J G Cleland477
, P C Rowlands . BMJ 1990. 301 p. 1197.478

[Kannel and Mcgee ()] ‘Update on some epidemiologic features of intermittent claudication: the Framingham479
Study’. W B Kannel , D L Mcgee . J Am Geriatr Soc 1985. 33 p. 13.480

[Us Renal Data and System] Us Renal Data , System . USRDS 2003 Annual Data Report; Atlas of End-Stage481
Renal Disease in the United States, (Bethesda, Md) National Institutes.482

[Wilcox ()] ‘Use of angiotensin-converting-enzyme inhibitors for diagnosing renovascular hypertension’. C S483
Wilcox . Kidney Int 1993. 44 p. .484

[Hyman et al. ()] ‘Warfarinrelated purple toes syndrome and cholesterol microembolization’. B T Hyman , S K485
Landas , R F Ashman . Am J Med 1987. 82 p. 1233.486

12


	1 Introduction
	2 II.
	3 Pathogenesis
	4 Atherosclerotic Renovascular Disease
	5 a) Clinical Clues
	6 e) Other screening tests
	7 f) Plasma renin activity
	8 i) Progression
	9 j) Medical Therapy
	10 Revascularization a) Possible indications for intervention
	11 b) Summary
	12 c) Management
	13 Renal Atheroemboli
	14 a) Risk Factors
	15 c) Urinary findings
	16 i. Eosinophilia and hypocomplementemia
	17 ii. Evaluation and Diagnosis
	18 d) Treatment And Prognosis
	19 Volume XIV Issue IV Version I

