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C H  A P T E R

This chapter focuses on vascular complications of the 
main renal arteries and veins. The chapter is divided 
into the following subsections: (1) acute thrombosis 

of the renal artery from trauma; (2) nontraumatic renal arte-
rial occlusive disease; (3) renal artery aneurysms, including 
ruptured aneurysm; (4) renal artery dissecting aneurysms; 
(5) atheroembolic renal disease; and (6) acute and chronic 
renal vein thrombosis. Because renal vein thrombosis occurs 
primarily in patients with nephrotic syndrome, particular 
attention will be paid to the discussion of the hypercoagu-
lability of nephrotic syndrome. Although some of the condi-
tions described may participate in the pathophysiology of 
renovascular hypertension, they are listed for purposes of 
a differential diagnosis, as renovascular hypertension is dis-
cussed in detail elsewhere. 

 ACUTE THROMBOSIS OF THE RENAL 
ARTERY FROM TRAUMA 
Blunt abdominal trauma such as that occurring after a motor 
vehicle accident is the most common cause of renal  artery 
thrombosis. 1,2 The mechanism of injury is felt to be acute 
deceleration injury causing intimal tears, subintimal dissec-
tion, and resultant thrombosis. 3 Increased mobility of the left 
kidney and a more acute angle of attachment to the aorta are 
felt to explain the observation that the left renal artery is more 
frequently involved than the right 3 although in some series this 
pattern is not observed. 4 Injuries to other abdominal viscera 
are commonly reported due to the severity of the abdominal 
trauma.3–6 In a review of 250 cases of traumatic renal artery 
injury requiring surgical exploration, the following patterns 
were observed: thrombosis (52%) was the most common 
  nding followed by avulsion (12%), branch injury, and lacera-
tions (3%). 6 Bilateral renal artery   ndings were noted in 9% 
and injury to other abdominal organs was present 45% of the 
time.6 Renal artery dissection with resultant thrombosis has 
also been reported after vigorous exercise such as prolonged 
cycling,7 marathon running, 8 and aerobics. 9 Isolated cases of 
traumatic dissection due to seat belt related injury 10 and shock 
wave lithotripsy 11 have also been reported in the literature. 

The major concern with renal arterial thrombosis is 
renal infarction and permanent loss of function. Although 
the maximal duration of warm ischemia tolerated by human 
kidneys is uncertain, warm ischemia time as short as 1 to 
2 hours may be suf  cient to cause irreversible loss of renal 
function.12 Animal studies have helped further understand-
ing of the importance of even low amounts of blood   ow in 
maintaining renal viability. In dog models of unilateral renal 
artery occlusion by clamping, warm ischemia times of 1, 2, 
and 3 hours resulted in irreversible loss of viability in the 
occluded kidney in 40%, 62%, and 100%, respectively. 12–14

In contrast, animals subjected to a partial occlusion of the 
suprarenal aorta (mean arterial pressures downstream of 17 
to 30 mm Hg) tolerated up to 2 hours of reduced perfu-
sion with good recovery in all the animals. For these reasons, 
the extent of occlusion and presence or absence of collat-
eral circulation may have a major impact on viability of the 
affected kidney. 

 Clinical Features 
Anuria or oliguria are likely to be present in bilateral renal 
arterial thrombosis, or unilateral thrombosis in patients with 
a solitary kidney, but are uncommon features in  patients
with unilateral thrombosis. Laboratory abnormalities may 
include hematuria, elevations in lactate dehydrogenase 
(LDH), creatinine kinase (CK), aspartate aminotransferase 
(AST), and alkaline phosphatase. 1 Flank pain or abdominal 
pain are common, but considering most cases are related to 
trauma, may not be reliable indicators as there may be alter-
nate explanations for pain. 

 Diagnosis 
Because of the short duration of warm ischemia time that 
can be tolerated by the kidneys, timely diagnosis is critical. 
Computed tomography (CT) with intravenous contrast is a 
useful study in patients with abdominal trauma and com-
pares favorably to angiography, the gold standard for renal 
artery injury or thrombosis. 14 Characteristic CT   ndings are 
a lack of renal parenchymal contrast uptake and  excretion. 
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or unilateral occlusion in patients with a solitary kidney. It 
is not clear that revascularization of a unilateral occlusion 
offers advantages over medical management when there is 
normal function of the contralateral kidney. Although re-
ports in the literature raise signi  cant concerns about viabil-
ity of the ischemic kidney when thrombosis is prolonged, 
there are still scattered reports of successful revascularization 
long after the injury. 23–25,29,30 Other factors such as collateral 
circulation or incomplete occlusion may have played a role 
in some of the reported successes. 

In cases of surgical revascularization, it is advised not to 
perform isolated thrombectomy. 4 Resection of the occluded 
segment with reattachment to the aorta, or placement of an 
aortorenal graft is advised. 29 In surgical cases with substan-
tial hemorrhage, urgent nephrectomy may be required. 

 NONTRAUMATIC RENAL ARTERY 
OCCLUSIVE DISEASE 
In addition to traumatic injury resulting in renal arterial 
thrombosis, there are a variety of nontraumatic causes for re-
nal arterial occlusion. These may be related to thromboem-
bolic disease from a cardiac or other source, or t hrombotic 
disease, for example from local endothelial damage such as 
that seen in atherosclerosis, or systemic hypercoagulable 
states. A number of causes for nontraumatic renal artery 
thrombosis are listed in Table 56.1. 

Any disease process that disrupts the arterial endothelial 
surface can cause acute thrombosis. Most common among 
these is atherosclerotic renovascular disease. Other possible 
causes include   bromuscular dysplasia, 31,32 in  ammation/
vasculitis, infection, aneurysms, or dissection. Renal arterial 
thrombosis has been reported in the medium and large ves-
sel vasculitides, including Takayasu arteritis, 33,34 polyarteritis 
nodosum,35,36 and Behçet disease. 37–40 Other unusual causes 
include syphilis, 41 cocaine use, 42–44 phycomycosis, 45,46

neuro  bromatosis, 47 and urothelial carcinoma of the renal 
pelvis.48 Sickle cell anemia typically leads to  microscopic 
infarcts and progressive loss of renal function, but large ves-
sel thrombosis with resulting infarction has been  reported 
as well. 49 Congenital disorders of collagen structure such as 
Ehlers-Danlos syndrome are also associated with renal artery 
thrombosis. 50,51

Hypercoagulable states are much more commonly asso-
ciated with venous thrombosis, including renal vein throm-
bosis, which is discussed elsewhere in this chapter. Notable 
exceptions include antiphospholipid antibody syndrome 
(APS), particularly catastrophic APS, and heparin-induced 
thrombocytopenia. 52 Primary or secondary (lupus-related) 
APS have been implicated in renal artery thrombosis and 
reported extensively. 53–63 Renal infarct was a common   nd-
ing in a recent review of abdominal CT scans for patients 
with APS, occurring in 22 of the 215 patients and account-
ing for over 50% of the intra-abdominal thromboses. 64 Renal 
arterial thrombosis has also been reported in antithrombin 
3 de  ciency 65 and has been reported rarely in patients with 

The “cortical rim sign” or contrast enhancement of the 
peripheral renal cortex may be noted and is attributed to 
collateral or capsular perfusion. 15 Angiography remains the 
gold standard study, and may provide information about 
collateral circulation (which may indicate better chance for 
preserved renal viability). 16 Use of digital subtraction angi-
ography or imaging with carbon dioxide and/or gadolinium 
can reduce or eliminate the need for contrast if there are 
concerns about contrast-induced nephrotoxicity. 17 Concerns 
about exposure to gadolinium and its link to nephrogenic 
systemic   brosis in patients with acute or chronic kidney 
failure may limit its utility in some patients. In patients 
too unstable for  extensive preoperative imaging, even a 
“one shot” excretory urogram following a bolus injection 
of contrast may provide useful information to the surgeon 
as a normal urogram would exclude the presence of major 
trauma to that kidney. This could be of use in predicting 
renal outcome in a patient requiring unilateral nephrectomy 
to control hemorrhage as normal imaging of the contralateral 
kidney suggests a better outcome. 18

 Treatment 
Treatment for unilateral traumatic renal artery occlusion 
can be supportive, surgical, or endovascular. Early surgi-
cal intervention has been attempted in an effort to salvage 
renal function, but with mixed results. Factors  in  uencing 
surgical outcomes include duration of warm ischemia, 
severity of occlusion (complete or partial), and degree of 
collateral circulation. 18–25 Case series suggest better results 
with earlier  intervention. Maggio and Brosman  reported 
80%  success of renal salvage when revascularization 
occurred within 12 hours of injury, 57% success for re-
pairs performed between 12 and 18 hours, and 0% for later 
attempts.25 Clark et al. reported substantially lower success 
rates despite earlier revascularization attempts (17% success 
rate for revascularization performed 3–18 hours after the 
injury). 6 Haas et al. reviewed cases from their own institu-
tion and from the literature and reported surgical outcomes 
of 20 cases of bilateral occlusion and 34 cases of unilateral 
renal arterial occlusion. 4,5 In these cases surgical revascular-
ization was successful in 56% of the bilateral cases and 26% 
of the unilateral cases. 

More recently, an endovascular, rather than surgical ap-
proach has been attempted in order to salvage renal  function.
Good outcomes have been reported in isolated cases of trau-
matic renal artery occlusion following endovascular stenting 
procedures, in some cases as long as 24 hours following the 
injury. 2,26,27 Even following a successful endovascular pro-
cedure, the presence of more peripheral thrombi may still 
limit recovery of renal function. 28 Considering these cases 
are related to trauma, the decision regarding an endovascu-
lar versus a surgical approach may be dictated by the pres-
ence of other injuries and need for other abdominal surgery 
to address those injuries or to control hemorrhage. 

In general, surgical or endovascular intervention is 
reserved for patients with bilateral renal artery occlusion, 
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 developing elsewhere in arterial circulation and embolizing 
the renal arteries, or thrombi that originate within aneu-
rysms of the suprarenal aorta or renal artery. 

 With the advent of increased numbers of endovascu-
lar procedures, including angioplasty and stent treatment 
for aortic and renal artery lesions, iatrogenic causes of renal 
artery thromboembolism are an increasing concern. Major 
complications such as thrombosis, dissection, rupture, and 
atheroembolic showering have been reported to complicate 
as many as 7% to 10% of endovascular aortic and renovas-
cular procedures. 77,78  Morris et al. in 2001 reported renal 
artery rupture or occlusion from acute thrombosis in 4.2% 
of 308 renal artery angioplasties with and without stent-
ing. 79  In a more recent retrospective analysis of 203 renal 
artery angioplasty with and without stenting procedures, 
Eklof et al. reported a rate of distal embolization of 2.5% 
and renal artery occlusion occurred in only a single patient 
(0.5%). 80  Another concern is the possibility for in-stent 
thrombus formation in patients following renal artery stent-
ing. 81,82  Renal infarction may also occur as a complication of 
aortic procedures. In two series of 775 thoracic and abdomi-
nal aortic aneurysm repairs using a variety of endografts and 
techniques, the incidence of renal infarction (diagnosed by 
postprocedure CT scan) was around 10%. 83,84  Most were 
small and asymptomatic, but one of the two series reported 
a 2.6% incidence of total unilateral renal arterial occlusion. 83

 A variety of devices have been manufactured to limit the 
impact of distal emboli following endovascular  procedures. 
Limited studies have demonstrated ef  cacy in capturing em-
bolic debris, 85  but it remains unclear whether such devices 
will be shown to decrease or prevent distal embolic compli-
cations. 86  A combination of antiplatelet therapy (abciximab) 
and distal embolic protection device was found to have 
 improved 1-month outcomes in one randomized controlled 
trial of distal protection devices, but neither the device alone 
nor antiplatelet therapy alone had this bene  t. 87  Further 
study is warranted to determine the role of distal protection 
therapies and devices. 

 Pathology of Renal Infarction 
 Renal infarction is a relatively infrequent clinical diagnosis, 
but common   nding at autopsy. In a review of over 14,000 
autopsies from Los Angeles County Hospital in the 1930s, 
renal infarctions were noted in 1.4%, and were most often 
postmortem diagnoses. 88  Renal infarctions most common-
ly occur with arterial occlusions, but may occur in venous 
thrombosis. The size of the infarct depends on the size of the 
occluded artery and may be a small wedge-shaped infarct 
or may involve the entire kidney. The gross appearance of 
the infarct depends on the size of the occluded artery, age of 
the infarct, and presence or absence of infection. In the   rst 
few hours the infarct is red and pyramidal, and subsequently 
becomes gray with a narrow red rim of congested paren-
chyma. The area shrinks, leaving behind a V-shaped scar. 
Infarctions typically involve only the renal cortex,  sparing 
the medulla. 89  

nephrotic syndrome. 66–68  Factor V Leiden de  ciency, again a 
much more common cause of venous thrombosis, has been 
associated with renal arterial thrombosis in native and trans-
planted kidneys. 69  

 Thromboembolic Disease 
 Emboli to the renal arteries are typically of cardiac origin. 
These may be arrhythmia associated, particularly with atrial 
  brillation. 70–72  Mural thrombi as can be seen in acute myo-
cardial infarction or severe cardiomyopathy may also be the 
source. Thrombi may also occur on diseased or prosthetic 
heart valves. Septic emboli in the setting of bacterial endo-
carditis may also be a cause of embolic occlusion and renal 
infarct, up to 31% in one retrospective series looking at renal 
biopsy and necropsy results. 73  Renal artery embolism may 
also be seen in cases of atrial or ventricular myxoma. 74,75

Paradoxical arterial emboli in the setting of a venous throm-
bosis and an atrial or ventricular septal defect have also 
been reported. 76  Sources of noncardiac emboli include clots 

Renal Artery Thrombosis
 Endothelial damage
  Atherosclerotic disease
  Fibromuscular dysplasia
   Renal artery aneurysms and dissecting 

     aneurysms
  Polyarteritis nodosum
  Takayasu arteritis
  Kawasaki disease
  Thromboangiitis obliterans
  Behçet disease
  Syphilis
  Cocaine
  Ehlers-Danlos syndrome
 Hypercoagulable state
  Antiphospholipid antibody syndrome
  Heparin-induced thrombocytopenia
  Factor V Leiden mutation
  Nephrotic syndrome

Renal Artery Thromboembolism
 Cardiac origin
  Atrial   brillation
  Endocarditis
  Myocardial infarction
  Cardiomyopathy
  Paradoxical emboli through patent septal defect
 Aortic or renal artery source
  Severe atherosclerosis/thrombosis

Nontraumatic Causes of Acute 
 Occlusive Renovascular Disease

TA B L ETA B L E

56.1
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transient oliguria lasting a few days may occur in unilateral 
occlusion as well. This oliguria has been attributed to arte-
riolar spasm of the contralateral kidney. The size of the in-
farct may impact the severity of pain as in one small series of 
iatrogenic renal infarcts following endovascular procedures, 
the patients were all asymptomatic, with the infarctions 
being discovered by routine CT imaging. 84 Because of the 
relative infrequency with which it occurs compared to more 
common intra-abdominal pathology such as gastroenteritis, 
pancreatitis, pyelonephritis, and nephrolithiasis, renal in-
farction may not be among diagnostic considerations in the 
initial workup, and diagnosis may be delayed. Unfortunately 
this may lead to irreversible loss of renal function. With in-
creasing reliance on abdominal imaging by CT scan as part 
of initial diagnostic evaluations for patients presenting to 
emergency departments with abdominal pain, this pattern 
may change in the future with more events being  discovered 
earlier in the evaluation.  Figure 56.1 demonstrates trans-
verse and coronal CT images of a renal infarction. 

Other physical   ndings may be elevated blood pressure. 
Bowel sounds may be diminished. Abdominal and/or   ank 
tenderness are often present on physical examination. With 
smaller infarcts, there may be no signs or symptoms. 

On microscopic examination, sterile infarcts have the 
classical picture of coagulative necrosis. 89 The initial   nd-
ings of marked congestion are followed by cytoplasmic and 
nuclear degenerative changes, with gradual loss of viable 
cytologic structure. The cytoplasm becomes homogeneous 
and eosinophilic, and the nuclei undergo condensation and 
karyorrhexis. Surrounding this necrotic area is a  transitional
zone of sublethal injury with   ndings similar to acute 
tubular necrosis. This peripheral area becomes in  ltrated 
with polymorphonuclear leukocytes. Eventually the central 
necrotic area becomes smaller, with eventual collapse, and is 
replaced by a collagenous scar. 89

 Clinical Features and Diagnosis of Acute 
Occlusive Renal Arterial Disease 
There are no de  nitive signs or symptoms speci  c for  arterial
occlusion (Table 56.2). The most common presenting symp-
tom for arterial occlusion of the kidney is pain, which may be 
  ank and/or abdominal pain. Other  nonspeci  c symptoms 
may include nausea, vomiting, or fever and chills. Anuria or 
oliguria is usually suggestive of bilateral arterial occlusion, 
or unilateral occlusion in patients with a solitary kidney, but 

Clinical and Laboratory Features of Thromboembolic Diseases of the Kidney

TA B L E

56.2

Feature  Approximate Incidence

History and Physical Findings
Pain and tenderness (  ank, abdomen, chest, back)  75%
Nausea and vomiting  50%
Gross hematuria  20%
Cardiac disease (myocardial infarction, atrial    brillation, valvular 

heart disease)
90%

Laboratory Features
Leukocytosis (11,000–32,000/ L) 95%
Microscopic hematuria ( 15 erythrocytes per high-power   eld) 90%
Pyuria ( 10 leukocytes per high-power   eld) 80%
Proteinuria (1  to 4 ) 95%
Increased enzymes (LDH, AST, ALT, alkaline phosphatase)  95–100%

Special Diagnostic Procedures  Finding

Computed tomography (with contrast material)  Area of decreased attenuation, “wedge-shaped” 
infarct; possible cortical rim of enhancement

Nuclear medicine renal   ow scan  Decreased   ow to all or part of the kidney
Intravenous urogram  Decreased or absent function, delayed  appearance
Renal ultrasonography  No obstruction; rarely, wedge-shaped mass

LDH, lactic acid dehydrogenase; AST, aspartate transaminase; ALT, alanine transaminase.
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FIGURE 56.1 Computed tomography with contrast. Transverse (A) and coronal (B) images demonstrate a wedge-shaped embolic 
infarct localized to the lateral midpole of the left kidney.

A  B

FIGURE 56.2 Serial serum levels of glutamic-oxaloacetic transaminase (SGOT,  )glutamic-pyruvic transaminase (SGPT, X), lactic 
 dehydrogenase (LDH,  ), alkaline phosphatase (ALK P TASE,  ), and creatinine ( ) in a 62-year-old man with thromboembolism to a 
single kidney 10 days after a myocardial infarction. Right   ank and chest pain and lower abdominal tenderness appeared on day 1. 
The patient also exhibited an increase in serum creatinine level following the second intravenous pyelogram (IVP). (From Lessman RK, 
Johnson SF, Coburn JW, et al. Renal artery embolism: clinical features and long-term follow-up in 17 cases. Ann Intern Med. 1978;89:477, 
with permission.)

 The most common laboratory abnormality is elevation 
in LDH, with levels that reach as high as 2,000 IU per L. 
Other associated laboratory abnormalities include elevation 
in serum AST, ALT, and alkaline phosphatase, but these are 
typically less dramatic and are not universally noted. Mi-
croscopic hematuria, leukocytosis, and mild proteinuria are 

common   ndings. 90  Reduced urinary excretion of sodium, 
as is commonly noted in renal hypoperfusion, is also noted 
at times. 91  The course of changes in LDH, AST, ALT, and 
alkaline phosphatase in a patient are noted in Figure 56.2, 
with changes in urine volume, serum creatinine, and urine 
sodium noted in Figure 56.3. 92
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renal artery thrombosis or for thrombosis of the main renal 
artery, it may have some utility. 93

 Therapy for Nontraumatic Acute Occlusive 
Renal Arterial Disease 
Similar to traumatic renal arterial occlusion, the major con-
cern is irreversible loss of renal function, and likewise the 
response to therapy depends on the duration of warm is-
chemia, location, and severity of the occlusion and presence 
or absence of collateral circulation. Acute thromboembolic 
events may be amenable to intraarterial thrombolytic therapy, 
and a timely diagnosis is crucial to preserve renal  function.

Blum et al. published a series of 14 patients with acute 
embolic renal artery occlusion treated with thrombolytic 
therapy. 94 The estimated ischemic time varied from 12 hours 

CT scan with contrast is probably the most rapid,  widely
available, and reliable imaging modality. Magnetic resonance 
angiography may also be useful, but may take longer and 
is not as widely available. Angiography is of course the 
most accurate diagnostic method, and holds the additional 
advantage of allowing rapid endovascular intervention or 
thrombolytic therapy for an acute occlusion, and should be 
considered as a   rst line test if clinical suspicion is high. A 
characteristic angiographic image of renal infarct is shown in 
Figure 56.4. Nuclear medicine renal   ow scans can also be 
used to identify isolated perfusion defects (Figure 56.5), but 
if isotope uptake is globally reduced (as can be seen in acute 
kidney injury) it may fail to identify an area of hypoperfu-
sion. Ultrasonography of the renal arteries is of limited value 
as it is time consuming, operator-dependent, and dif  cult to 
image the entire renal artery, although for cases of transplant 

FIGURE 56.3 Course of a 56-year-old woman with abrupt onset of anuria and right lower quadrant and low back pain; she had 
atrial   brillation and mitral stenosis owing to rheumatic heart disease. One year earlier she had undergone a left nephrectomy for 
malignant hypertension. (Earlier, she had had a stroke and blindness of the left eye owing to an embolism.) A diagnosis of thrombo-
embolism to the renal artery was con  rmed by aortography (Fig. 56.4), and surgery was performed with removal of the embolus and 
endarterectomy. The fractional excretion of sodium was 0.36% before surgery and increased to 7.3% after removal of the thrombus.
There was ultimate recovery from acute tubular necrosis, as indicated. (From Lessman RK, Johnson SF, Coburn JW, et al. Renal artery 
embolism: clinical features and long-term follow-up in 17 cases. Ann Intern Med. 1978;89:477, with permission.)
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kidney or smaller infarctions may be better served by more 
conservative therapy. Another clinical decision is the need 
for short- or long-term systemic anticoagulation. There are 
no guidelines speci  cally oriented toward anticoagulation 
for renal arterial thrombosis or thromboembolic disease. 
A decision for systemic anticoagulation should be based on 
subsequent risk of further embolic events, such as with atrial 
  brillation or severe ventricular dysfunction. 

 RENAL ARTERY ANEURYSMS 
 Renal artery aneurysms (RAAs) are uncommon in the gen-
eral population. Autopsy studies report a prevalence in 
the general population of around 0.01%. 102,103  In patients 
undergoing renal arterial angiography (to evaluate hyper-
tension for example) the prevalence is between 0.3% and 
1.3%. 104–107  One series of 8525 renal angiograms identi  ed 
RAAs in 83 patients (0.97%). 102  Of these, 80% were saccu-
lar, 61% were right-sided, and 7% were bilateral. 

 Renal artery aneurysms can be classi  ed as saccular, fu-
siform, dissecting, and intrarenal. 106,108  Saccular aneurysms 

FIGURE 56.4 Left renal angiogram shows a wedge-shaped 
perfusion defect involving the upper pole of the kidney due to a 
thromboembolism.

FIGURE 56.5 Renal scan with technetium 99m-labeled dimer-
captosuccinic acid (DMSA) showing evidence of segmental 
renal infarcts of the left kidney of a 74-year-old man who was 
hospitalized with abrupt appearance of a supraventricular tachy-
cardia. There was a progressive rise in serum creatinine from a 
baseline value of 2.2 to 4.4 mg/dL over 5 successive days. He was 
never oliguric; urinalysis showed 2  proteinuria. His white blood 
cell count rose from 10,200/ L on admission to 15,400/ L after 
4 days; there was no eosinophilia. The serum alanine aminotrans-
ferase level rose from 33 to 42 U/L and lactate dehydrogenase, 
from 49 to 173 U/L. A technetium-labeled “  ow” scan disclosed 
markedly reduced   ow bilaterally that was more marked on the 
left than the right. There was a history of emboli to his feet, with 
the serum creatinine level increasing from 1.2 to 2.2 mg/dL in as-
sociation with an acute myocardial infarction several years ear-
lier. On the basis of DMSA scan, a diagnosis of thromboembolism 
to the kidney was made; the patient received anticoagulants and 
his serum creatinine level gradually fell to 2.4 mg/dL.

to 8 days. Although renal perfusion was restored in 13 of 
the patients, this did not translate into recovery of renal 
function. None of the patients with complete occlusion had 
restoration of renal function, but the patients with partial oc-
clusion were stabilized. Their review of 50 cases of complete 
renal artery occlusion suggested a warm ischemia duration 
of 3 hours or less in order to preserve renal function without 
permanent injury. 94  This “critical ischemia time” has been 
refuted by a number of isolated case reports who achieved 
good clinical outcomes even after delayed restoration of re-
nal perfusion. 95–99  Several of the cases described duration of 
ischemia longer than 20 hours and in one case of an elderly 
patient with solitary functioning kidney, satisfactory renal 
recovery occurred despite a 4-day history of occlusion with 
anuria and a temporary dialysis requirement. 97  

 Surgical treatment of acute occlusive renal arterial dis-
ease has produced mixed results. Lacombe described a series 
of 20 patients (5 with acute embolism, and 15 with acute 
thrombosis) who underwent surgical revascularization be-
tween 18 hours and 68 days after the occlusion. Kidney sal-
vage rate was 64%, but postoperative mortality was 15%. 
A number of these patients may have had underlying renal 
artery stenosis with development of collateral circulation that 
may have led to a better rate of renal preservation. 100  Another 
series reported by Ouriel et al. describes 13 patients in whom 
renal artery embolectomy failed to restore renal function. 101  

 Much as is the case for traumatic thrombosis, the deci-
sion to intervene on patients with acute nontraumatic throm-
bosis or thromboembolism should be based on duration and 
extent of ischemia and identi  cation of patients most likely 
to bene  t. Patients with substantial risk of signi  cant loss of 
renal function, such as those with bilateral occlusion, or uni-
lateral occlusion of a solitary kidney, should be considered 
for revascularization. Patients with a normal contralateral 
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65% to 35% and hypertension was common, in    70% of 
the  patients. Medial   bromuscular dysplasia was considered 
the major cause (34% to 54%) and was the presumed reason 
for the female gender preference. Atherosclerosis was noted 
in 25% to 35%. Small numbers of patients had renal artery 
aneurysms due to polyarteritis nodosum, giant cell arteri-
tis, Marfan syndrome, dissection, mycotic aneurysms, and 
trauma. 114–118  

 The most serious complication of renal artery aneurysms 
is rupture, which can quickly lead to hemorrhagic shock, 
loss of renal function, and death. 119  Other  complications 
may include dissection (discussed later in this section) 
and thrombosis with distal embolization. Embolization 
can  further result in formation of an arteriovenous   stula 
with resultant high-output heart failure. 108,109  Most patients 
with RAAs are asymptomatic, although some may complain 
of nonspeci  c   ank or abdominal pain, and there may be 
 hematuria or abdominal bruit on assessment. 

 Rupture of renal artery aneurysms is a potentially cata-
strophic event and may quickly lead to hemorrhagic shock, 
irreversible loss of kidney function, and death. It is typically 
accompanied by severe   ank pain and   ank ecchymoses. 
For unclear reasons rupture of RAAs occurs dispropor-
tionately in pregnancy. Because of the relative infrequency 

are the most common and account for 80% of renal artery 
aneurysms. They are typically located at the   rst-order bifur-
cation of the main renal artery. Less than 10% are within the 
renal parenchyma. 

 Fusiform aneurysms are less common, and most com-
monly noted in an area following stenosis, giving the appear-
ance of poststenotic dilatation. 32,109–112  Fusiform aneurysms 
are responsible for the “string of beads” appearance of some 
cases of   bromuscular dysplasia, where several stenotic  areas 
are followed by dilatations. 

 Intrarenal aneurysms make up 10% to 15% of RAAs. 
They may be congenital, posttraumatic (e.g., following renal 
biopsy), or associated with polyarteritis nodosa. 110,113  

 Histologic   ndings of RAAs resemble medial   bro-
muscular dysplasia. In the arterial wall, degeneration of the 
 internal elastic lamina with fragmentation, increased colla-
gen, and a lack of elastic tissue are observed. Atherosclerotic 
lesions may be the cause of the aneurysm or, more likely, 
may be a secondary factor. 114  Calci  cation of the arterial 
walls may occur. 

 Table 56.3 shows demographic and clinical data of 
277 patients undergoing surgical correction of renal aneu-
rysms from three published series. 114–116  The mean age was 
50 years (range 13 to 78). Women outnumbered men by 

Data from Three Large Studies Reporting Their Surgical Outcomes of Renal Artery 
 Aneurysms in 277 Patients

TA B L EB

56.3

Author  Englisha Pfeifferb Henkec

No. patients  62  94  121
No. RAAs repaired  72  107  168
Time period of surgery (yr)  1987–2003  1980–2002  1965–2000
Mean patient age (yr)  46  51  51
Male/female (%)  70/30  61/39  60/40
Hypertension (%)  89  80  73

Pathogenesis
Fibromuscular dysplasia (%)  54  51  34
Atherosclerosis (%)  35  30  25

Outcomes
Perioperative mortality  1 (1.6%)  0  0
Perioperative morbidity (%)  12  17  ?
Hypertension improved (%)  54  22  ?
Hypertension cured (%)  21  25  ?
Long-term artery patency (%)  91  81  98

aEnglish WP, Pearce JD, Craven TE, et al. Surgical management of renal artery aneurysms. J Vasc Surg. 2004;40:53–60.
bPfeiffer T, Reiher L, Grabitz K, et al. Reconstruction for renal artery aneurysm: operative techniques and long-term results. J Vasc Surg. 2003;37:293–300.
cHenke PK, Cardneau JD, Welling TH, 3rd, et al. Renal artery aneurysms: a 35-year clinical experience with 252 aneurysms in 168 patients. Ann Surg. 
2001;234:454–462; discussion 62–63.
RAA, renal artery aneurysm.
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to 17%. Because of the complexity of the surgery, referral to 
an experienced surgical team is recommended for successful 
outcome.

The following should be considered in the decision 
whether to proceed with surgical repair of a renal artery an-
eurysm: the low risk of rupture of small aneurysms, but in-
creased risk with large ones, the increased risk in pregnancy, 
and the potential contribution of the aneurysm to renovas-
cular hypertension. Risks of the surgery including mortality 
and need for nephrectomy should be considered. Although 
there are no strict guidelines for who should be referred for 
surgery, the following are recommendations from the pub-
lished studies 110,114–116:

 1. RAA diameter greater than 1.5 to 2.0 cm in a healthy, 
normotensive person 

 2. RAA greater than 1.0 cm in women of child- bearing
age, since risk of rupture during pregnancy is  increased 

 3. RAAs with associated renal artery stenosis or evidence 
of distal embolization 

 4. RAA showing signi  cant expansion during follow-up 
imaging studies 

Endovascular procedures to treat renal artery aneu-
rysms have also been reported, but long-term outcomes 
remain unclear. Treatment with coil embolization has been 
reported, 131 although with incomplete success and potential 
long-term complications including renal infarction and hy-
pertension.132 Use of liquid embolic agent to address RAAs 
has also been reported. 133–135 Arterial stenting of aneurysms 
has also been reported, including in an emergent case of 
acute ruptured renal artery aneurysm. 136 A recent survey of 
surgical and endovascular repair of renal artery aneurysms 
in New York State demonstrates an increasing number of pa-
tients undergoing endovascular procedures while the num-
ber of surgical repairs has been relatively stable—because the 
analysis was retrospective and database driven, no speci  c 
conclusions about outcomes could be drawn. 137 Depending
on the clinical scenario, an endovascular approach may be 
appropriate in some patients but there are no current recom-
mendations as there are for surgical intervention. 

 Dissecting Aneurysms of the Renal Artery 
Tears of the arterial intima and medial necrosis lead to dis-
section of the arterial wall. Predisposing factors include 
atherosclerosis and   bromuscular dysplasia. Dissection 
may follow vascular trauma, for example due to guidewire, 
catheters, or balloon angioplasty procedures. 138 It may also 
follow blunt abdominal trauma. 139,140 Renal artery dissection 
is occasionally noted at autopsy, presumably with no appar-
ent manifestations during life. 

Dissecting aneurysms of the renal artery can cause 
occlusion and resulting ischemia, infarction, or renovas-
cular hypertension, 117 and should be considered during 
an evaluation for a patient with an otherwise unexplained 
renal  infarct. Chronic dissection can result in renovascular 

of renal artery aneurysm, there are no prospective data re-
garding risk of rupture, but individuals at higher risk are 
felt to be those with larger aneurysms (particularly those 
 4.0 cm) and with aneurysms during pregnancy. There 
have been some prospective data regarding natural history 
of smaller aneurysms. Two-hundred patients, mostly with 
RAAs less than 2.0 cm, were managed conservatively for 
up to 17 years. 102,104,114,120–122 None of them ruptured dur-
ing follow-up and very few caused symptoms or increased 
substantially in size. Henriksson et al. reported a series of 
34 patients with RAAS undergoing periodic angiographic 
surveillance. 120 Twenty-eight of the patients experienced 
no change in the size,   ve had slight enlargement, and one 
patient underwent surgical repair to address a worrisome 
dilation. These observational data suggest that, for smaller 
aneurysms, conservative management with interval imaging 
studies is a reasonable management approach. 

Pregnant women with RAAs represent a unique group 
in which conservative therapy may not be appropriate. In 
a review of 43 cases of RAA rupture, 18 (42%) occurred in 
pregnant women. 122 Most ruptures occur during the third 
trimester, but there have been case reports of rupture earlier 
in pregnancy and also in the postpartum period. 119,123–125

There has also been a report during pregnancy of a rup-
tured renal artery aneurysm involving a transplanted kid-
ney. 126 The explanation for increased risk of rupture during 
pregnancy is not clear. Most of the pregnant women who 
experienced rupture did not have hypertension before or 
during the pregnancy. 123,127,128 Some of the proposed con-
tributing factors include increased renal blood   ow, particu-
larly during the third trimester, steroid hormone effects, and 
increased intra-abdominal pressure. 127 Pressure on the pel-
vic vasculature, which may be positional, is also felt to be a 
potential contributor. 123,128,129 Cases of RAA rupture during 
pregnancy typically require emergent nephrectomy to con-
trol hemorrhage. Maternal mortality is 6% and fetal mortal-
ity 25% if the pregnancy has reached the third trimester. 130

Fetal mortality approaches 100% in cases before the third 
trimester. 

The most sensitive imaging study for renal artery aneu-
rysm is angiogram. Magnetic resonance angiography (MRA) 
may be a useful technique depending on the size and loca-
tion of the aneurysm. CT may be useful as a screening tool as 
well. For detection of smaller, more distal or intrarenal aneu-
rysms, angiogram may be the only useful imaging modality. 

Patients undergoing surgical repair of RAAs in one of 
three large published series have demonstrated good sur-
gical outcomes. In a combined number of 277 patients 
undergoing repair of aneurysms with a mean size of 1.6 to 
2.6 cm, primary surgical success was 97% and long-term 
arterial patency ranged from 81% to 91%. 114–116 One of the 
centers reported a rate of unplanned nephrectomy of 6.6% 
(8 of 121 surgeries). Two of the series reported data about 
hypertension outcomes and reported improvement in hy-
pertension in 20% to 50% and “cure” in 20% to 25%. 115,116

Perioperative death rate was 0% to 1.6% and morbidity 12% 
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 Therapy for dissection depends on the severity of hy-
pertension and response to medical management. Surgical 
revascularization or even nephrectomy have been performed 
in patients with poor response to therapy or renal infarction, 
in some cases with good outcomes. 143,144  Patients have also 
been successfully managed with medical therapy, and may 
improve gradually over time. 141  

 ATHEROEMBOLIC RENAL DISEASE 
 Atheroembolic renal disease, also known as cholesterol em-
bolic disease, predominantly strikes older men with severe 
atherosclerotic disease, smokers, and people with hyperten-
sion. 145  Renal damage can be abrupt or insidious, and the dis-
ease itself has been described as “the great  masquerader” 146  
and the “Cinderella” of renal disease. 147  

 Pathology 
 As distinct from acute renal ischemia and large thromboem-
boli to the renal artery and moderate-sized arteries, athero-
embolic renal disease occurs when cholesterol- containing 
plaques with   brin slough off from the aorta and shower 
distal arteries, occluding those of 150 to 200 micro-
meters. 148  Cholesterol crystals provoke in  ltration by giant 
cells ( Riesenzell arteritis), which later disappear and leave 
the cholesterol emboli encased by connective tissue. 149  
Handler described the pathologic changes sequentially as 
granulomatous endarteritis followed by intimal   brosis with 
 sequestration of the cholesterol crystals and marked decrease 
in the diameter of the vessel lumen. Tissue distal to the le-
sion becomes ischemic with impaired function progressing 
to atrophy and necrosis. 150  

 The most common organs involved in atheroembol-
ic disease are the skin, kidneys, gastrointestinal tract, and 
central nervous system. Autopsy studies cited in the liter-
ature describe renal cholesterol emboli in 5% of men and 
3% of women over the age of 50. 148  Flory 151  found vascular 
 occlusions in 9 of 267 autopsies of patients with advanced 
 arteriosclerosis of the aorta, or 3.4%. Flory later produced 
similar lesions in the lungs of rabbits by injecting athero-
matous material from human aortas into the animals to 
demonstrate that the cholesterol crystals did not develop in 
situ. Fukumoto and colleagues found an incidence of 1.4% 
for “cholesterol embolization syndrome” in a series of pa-
tients who underwent cardiac catheterization (25/1,786). 152  
Twelve of 25 patients (48%) had cutaneous manifestations 
whereas 16/25 (64%) had signs of renal dysfunction. Flory 
also described lesions in the spleen and pancreas. 

 Angiography and aortic surgery increase the risk of cho-
lesterol embolization. In a series of 755 men age 49 to 72 
who had not undergone recent surgical or diagnostic pro-
cedures, cholesterol emboli were found in only 8 (1%) on 
renal biopsy performed because of an unexplained loss of 
kidney function. 153  This is in contrast to a rate of 77.3% for 
atheromatous emboli to the kidneys after aortic surgery de-
scribed in one early series. 7  The same authors found rates of 

 hypertension in much the same way that other causes of 
 renal artery stenosis or narrowing can. 141  

 Symptoms of acute dissection may include new-onset 
or worsening hypertension, or   ank pain. Malignant hyper-
tension is a less common complication, and may be related 
to aggressive stimulation of the renin-angiotensin system. 142  
Headache may occur, possibly related to hypertension. For 
patients with iatrogenic dissection following an angiography, 
there may be no signs or symptoms. 

 Renal artery dissection occurs three times more often 
in men than women. 117,141  The typical age range is between 
40 and 60, but dissection may occur in younger patients 
when   bromuscular dysplasia and hypertension are present. 
Dissecting aneurysms are more commonly right-sided, but 
may be bilateral in 20% to 30% of cases. 117,141  

 Other   ndings may include proteinuria, hematuria 
(20% to 35% of cases), and renal impairment (serum creati-
nine    1.5 mg per dL in 9% to 33% of cases). 117,141  

 Angiogram or MRA can be used to diagnose dissection. 
Arteriography typically reveals an abrupt narrowing of the 
lumen (Fig. 56.6). Less often, both the true lumen and false 
lumen   ll with contrast, giving the appearance of a double 
lumen separated by an intimal   ap. Dissection may extend 
from the main renal artery, distally to the   rst bifurcation, 
and into the branch arteries. Follow-up arteriography may 
show persistent dissection, but there have also been reports 
of a degree of reversibility, gradual improvement in renal 
function, and improvement of hypertension. 140,141  

FIGURE 56.6 Aortogram demonstrates an intimal   ap and 
dissection with thrombosis of the right renal kidney. Note the 
absence of enhancement of the right kidney. (From Lang EK. 
Radiology of the Upper Urinary Tract. Heidelberg: Springer; 1991, 
with permission.)
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progressive glomerulonephritis. All shared risk factors for 
atheroembolic disease. FSGS was observed in 15 (63%) of 
the biopsies. FSGS did not occur more frequently in the 
proteinuric group than in the nonnephrotic group, but the 
number of sclerosed lesions was greater. A variant of FSGS, 
cellular lesions with epithelial cell prominence and capillary 
collapse, was seen in 7 of 9 patients with nephritic range 
proteinuria but only 3 of 12 patients with lesser degrees of 
proteinuria. The authors attributed the association to is-
chemic damage and hyper  ltration. 

Others have reported an association between choles-
terol crystal embolic disease and necrotizing glomerulone-
phritis that is antineutrophil cytoplasmic antibody positive 
with pauci-immune extracapillary glomerulonephritis. In 
the small number of cases reported, treatment has involved 
steroids and cytotoxic therapy with mixed success. 160–165

 Clinical Features 
Atheroembolic disease primarily affects adults older than 60. 
It appears to be diagnosed more frequently in whites than 
in blacks, possibly because of the dif  culty of recognizing 
skin lesions. 166 The incidence is unknown. 167 Autopsy stud-
ies cited in the literature describe atheroemboli in anywhere 
from 0.31% to 2.4% with the number increasing to 4% to 
6.5% in patients over the age of 65 168 and has high as 77% 
in patients who have had aortic surgery, as noted previously. 
Estimates on the incidence of atheroembolic disease in clini-
cal practice range from 3% of all patients admitted to a ter-
tiary renal intensive care unit to 5% to 10% of all cases of 
acute renal failure. 169,170

In addition to age and race, risk factors for atheroem-
bolic and cholesterol crystal disease include male gender, 
tobacco use, hypertension, diabetes, and atherosclerotic 
vascular disease. 171 Cigarette smoking was found in 79% to 
92% of patients. Hypertension was found in as low 61% in 
a large literature review, but in 81% to 91% of patients in 
several cases series from single centers. 153,164,166,172 Coronary 
artery disease was found in 54% to 73%, peripheral vascular 
disease in 54% to 69%, and cerebrovascular disease in 32% 
to 46% of the patients in the three case series. Aortic abdom-
inal aneurysm was present in 42% to 67% of the  patients in 
those series. 

The proximal cause of atheroembolic and cholesterol 
crystal disease appears to be largely iatrogenic. Although most 
of the case series report anywhere from 0% to 69% sponta-
neous atheroembolic events, the majority of cases reported 
in the literature are a result of angiography (18%–96%), car-
diovascular surgery (5%–36%), and anticoagulation (13%–
37%).153,164,166,173,174 Less frequently, atheroembolic and 
cholesterol crystal disease can arise from blunt abdominal 
trauma, aortic balloon placement, cardiopulmonary resusci-
tation, and percutaneous renal angioplasty. 167,175

The time course from precipitating events to clinically 
evident disease is variable from one day to a month. In their 
study of 52 patients with atheroembolic and cholesterol 
crystal disease and renal failure, Thadhani and  colleagues

31% for embolization of the kidney by atheromatous mate-
rial in patients with large aneurysms and 15.8% in patients 
with severe aortic atherosclerosis, ulceration, and mural 
thrombosis. 

Cholesterol crystal embolization often presents with 
nonspeci  c   ndings that mimic other systemic diseases. 
A review of 221 biopsy proven cases of cholesterol crystal 
embolization found that affected patients were older men 
(average age 66) with a history of hypertension (61%), 
atherosclerotic cardiovascular disease (44%), renal failure 
(34%), and aortic aneurysms (25%) at presentation. 154 Skin 
  ndings and renal failure, 34% and 50%, respectively, were 
the most common   ndings. Other nonspeci  c signs and 
symptoms include fever (7%), weight loss (7%), myalgias 
(4%), and headache (3%). Mortality was 81%, due to multi-
factorial, cardiac, and renal causes. 

Fragments of atheroembolic material become embed-
ded in small arteries, arterioles, and sometimes in the glo-
merular capillaries. Autopsy series demonstrate crystalline 
clefts in arterial lumens with fresh emboli or embedded in 
thickened intima of older lesions, which show an intense in-
timal proliferation with giant cell and histiocytic aggregates 
and crystals. Thrombosis is not a characteristic feature. On 
ultrastructural examination, early   ndings included crystals 
without reaction or endothelial damage and early histiocytic 
response. The intermediate stage included histiocyte and 
giant cell reaction with some intimal reaction and edema of 
the arterial wall. The late phase showed more intimal pro-
liferation, histiocytic reaction, and exclusion of the crystals 
from the lumen and embedding in the intima. 152 Cholesterol 
is dissolved during the processing of specimens for patho-
logic exam, leaving characteristic clefts. 

In experimental models using rats and rabbits, choles-
terol emboli in suspension were introduced intravenously. 
Early lesions included thrombosis and a focal in  ammatory 
reaction in the vessel wall. Leukocytes are promptly replaced 
by neutrophils and giant cells within the   rst 24 hours. By 
the end of the   rst week, endothelium has overgrown the 
crystals, which become encased in   brous tissue and slowly 
penetrate the arterial wall. 155–157

Renal impairment results from chronic ischemic dam-
age as a result of repeated small injuries. Vessels are not able 
to autoregulate. Reduced perfusion leads to apoptosis and 
atrophy as well as upregulation of the renin-angiotensin-
aldosterone system with increased oxidative stress leading 
to interstitial   brosis. 8 Debris and cholesterol crystals at 
the site occlusion are identical to material found in severe 
atheromatous lesions of the aorta, with some authors not-
ing a correlation between the severity of atherosclerosis and 
atheroembolic disease. 149,158

A form of secondary focal segmental glomerulosclero-
sis (FSGS) with heavy proteinuria has also been attributed 
to atheroembolic disease. Greenberg and colleagues 159 de-
scribed 24 patients thought to have atheroembolic embolic 
disease with heavy proteinuria. Eight of the patients had 
renal biopsies for proteinuria and four to exclude rapidly 
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Laboratory   ndings in cholesterol crystal atheroem-
bolic disease are nonspeci  c. Urinalysis is nonspeci  c with 
evidence of hematuria and proteinuria, on rare occasions in 
the nephrotic range. Dysmorphic red blood cells and red 
blood cell casts are rare, and may be a result of accelerated 
hypertension.164,174 Eosinophiluria is variously reported in 
8 of 9 patients with Hansel stain in one series but only 2 of 
37 patients with Wright stain in another. 166,194

Peripheral eosinophilia has been reported in as few as 
14% of 37 patients in one study to as many as 59% to 71% 
of patients in other series. 164,166,174,195,196 The erythrocyte 
sedimentation rate can be elevated. Low complement levels 
have been noted in several studies, although the signi  cance 
of complement is not clear. Others have reported normal 
complement levels. Depending on the site of crystal embo-
lization, liver enzymes, lipase, amylase, or creatinine kinase 
may also be elevated. 

Acute renal failure in an elderly patient with diffuse ath-
erosclerotic disease should raise suspicion for atheroembolic 
disease, particularly after a vascular procedure. Tissue diag-
nosis may be necessary in cases of spontaneously occurring 
disease. Skin biopsies are the safest and diagnostic in 90% 
of cases. 145,172,197 Renal biopsies are also diagnostic, but may 
miss the characteristic lesions because of their patchy distri-
bution. Muscle, bone marrow, prostate, stomach, and lung 
tissue may also show evidence of crystal embolization on bi-
opsy, depending on the pattern of crystal showering. 186,187,198

Treatment for atheroembolic disease is largely support-
ive. Belenfant and colleagues developed a treatment protocol, 
which they applied to 67 consecutive patients admitted to 
their facility with renal failure and evidence of cholesterol em-
bolization. Causes included angiographic procedure (85%), 
anticoagulation (76%), and cardiovascular surgery (33%). To 
prevent further embolization, they stopped all anticoagula-
tion and proscribed further aortic catheterization or surgery. 
They also instituted a regimen of intensive vasodilation with 
angiotensin-converting enzyme inhibitors and loop diuretics. 
If volume overload persisted and was refractory to medical 
management, hemodialysis was initiated, with minimal or 
no anticoagulation. Enteral or parenteral nutritional support 
was provided. Patients were treated with corticosteroids if 
there was evidence of further decline of function or choles-
terol embolization. In-hospital mortality was 16%; among 
survivors, 32% remained in hemodialysis. Survival at 1 year 
was 87% compared to 1-year mortality cited in the  literature 
of 64% to 81%. 164 Others have  recommended cessation of 
antiplatelet therapy and anticoagulation as well as initiation 
of statins to help improve glomerular   ltration. 199–202

Several authors have suggested surgical revasculariza-
tion as a possible treatment for atheroembolic renal disease, 
particularly where there is association with renal artery ste-
nosis. In one series of 12 patients who underwent surgical 
revascularization of the renal artery,   ve patients experienced 
improvement in renal function,   ve had stable renal func-
tion, and renal function worsened in one (no  information
was provided about the 12th patient). 203 Others have looked 

reported that at least 50% of patients had some sign of 
atheroembolic disease within 24 hours of the initial insult 
although no particular   nding predominated. Only 21% of 
patients had a skin   nding within 24 hours whereas 50% 
did within 30 days. Hollenhorst retinal plaques were noted 
in 4/16 patients.166 Skin   ndings include purpura, petechia, 
violaceous mottling of toes, livedo reticularis, ulcers, and gan-
grene. The lower extremities are most commonly  involved,
frequently bilaterally. Scrotal and penile necrosis due to cho-
lesterol crystal emboli has also been described. 176–178

Renal failure may present acutely, although the initial 
presentation acute renal failure may also be attributable to 
contrast nephropathy. More frequently renal involvement 
follows a subacute time course of days to weeks with renal 
impairment occurring in a stepwise fashion. Finally, renal 
impairment can present as chronic, stable ischemic damage. 
In one series of 52 patients, 35% were found to have pre-
sented with sudden acute renal failure 3 to 7 days after the 
inciting event, in this case, angiography. Fifty-six percent of 
patients presented with a subacute, insidious deterioration 
in renal function over 2 to 6 weeks. Finally, 9% of patients 
had stable, chronic, renal disease at the time of diagnosis. 179

Renal failure requiring renal replacement therapy, hemodi-
alysis, or peritoneal dialysis has been reported in anywhere 
from 17% to 44% of patients with atheroembolic disease 
with recovery of renal function reported in 10% to 20% of 
those patients. 145,153,166,174 Hypertension and preexisting re-
nal disease were predictors of progression to end-stage renal 
disease (ESRD). Use of statins was independently associated 
with reduced risk of ESRD. Age, diabetes, and ESRD are 
independent risk factors for patient mortality. 167 Atheroem-
bolic disease has also been reported in donor kidneys after 
transplantation, possibly as result of accepting older donor 
kidneys, although the recipients could not be eliminated as 
the source in some of the case reports. 180–182

Gastrointestinal involvement from cholesterol crys-
tal emboli has been reported in as few as 8% to 10% of 
patients to 29% to 33% and as many as 48% in various 
series.153,164,166,169,174,183–185 Embolization can occur at any 
point along the length of the gut. The most common presen-
tation is hemorrhage and abdominal pain. GI bleeding can 
often result from super  cial mucosal ulcerations, erosions, 
or infarcts. Clinical presentation may range from  occult
blood loss and melena to bloody diarrhea. 174,179,186–188

Central nervous system involvement from choles-
terol embolization can manifest itself as transient ischemic 
attacks, cerebral infarction, amaurosis fugax, paralysis, con-
fusion, and gradual deterioration of neurologic function. 174

Hollenhorst described the phenomena of cholesterol emboli 
to the retina giving rise to the characteristic yellow plaques at 
the bifurcation of retinal arterioles that bear his name. 189,190

Finally, pulmonary involvement with hemoptysis and 
renal failure has been described, giving rise to the suggestion 
that cholesterol crystal atheroembolic disease should also be 
considered in the differential diagnosis of pulmonary-renal 
syndromes. 191–193
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events (VTEs) occur in 65 (7.2%) of patients with mem-
branous nephropathy. Renal vein thrombosis accounted for 
30% of the cases of venous thrombolic events. 217 They cited 
a serum albumin equal to or less than 2.8 g per dL as a 
risk factor for VTE in membranous nephropathy. Mahmoodi 
and colleagues found a high absolute risk of VTE in the   rst 
6 months of nephrotic syndrome, which they found strongly 
associated with the ratio of proteinuria to serum albumin. 218

The reason for the wide discrepancy in incidence may be 
related to some of the studies including patients who were 
asymptomatic as well as differences in the underlying immu-
nologic causes of nephrotic syndrome and persistence and 
magnitude of hypoalbuminemia. 209 The notion that RVT 
causes the nephrotic syndrome, once widely held, has been 
largely disproved. 219–223

 Pathophysiology 
The causative link between RVT and the nephrotic syndrome 
is the hypercoagulable state. Llach and Yudd reviewed the 
coagulation cascade in their earlier review of the subject, 
which is summarized here, and abnormalities found in pa-
tients with nephrotic syndrome. 209 The coagulation cascade 
is broken into   ve functional classes: zymogens (factors II, V, 
IX, XI, and XII), which are activated by enzymes and cofac-
tors (factors V and VIII);   brinogen and products from the 
conversion of   brinogen to   brin; the   brinolytic system; 
clotting inhibitors; and components of platelet reaction and 
thrombogenisis. 224–233

Several studies have noted a loss of factor XII in the 
urine, and others have reported normal levels of factor 
XII in the blood but decreased levels of active factor XII. 
Saito and colleagues, 231 for example, noted that the  ratio of 
immunoreactive factor XII to functional factor XII  activity
was signi  cantly higher in patients with nephrotic  syndrome 
than in normal controls. They failed to detect circulating 
inhibitors to factor XII and noted no difference in prekal-
likrein levels in the plasma of patients with nephrotic 
syndrome. They argued that urinary losses did not seem 
to account for decreased factor XII activity and suggested 
that there were changes to functional sites in factor XII in 
patients with nephrotic syndrome. 

Others have suggested that the drop in functional factor 
XII activity may result from an inability of biosynthetic ca-
pacity to keep up with urinary losses of factor XII. 232 Green 
and colleagues found both factor IX and XII in the urine of 
a woman with heavy proteinuria. 225 Several studies showed 
a correlation between increases in factors V and VIII and a 
fall in the level of serum albumin. 234,235 The alterations in 
levels of cofactors are a result of increased synthesis of these 
proteins by the liver. 236 Llach and Yudd argued in an ear-
lier edition of this chapter that elevated levels of cofactors 
do not lead to hypercoagulability because the level of co-
factors in circulation is generally in excess of the activated 
amount at any given time in normal patients. Furthermore, 
high levels of cofactors are present in the in  ammatory state 
because they are acute phase reactant proteins, and there is 

at surgery for limb salvage. In one series of 100 cases in 
which the infrarenal aorta or ileac arteries were the source 
of the atheroemboli, long-term prognosis was good, whereas 
outcomes were poor if the suprarenal aorta was the source of 
ateroemboli. 204 In another series of 62 patients with athero-
embolic disease, 42 patients underwent surgical revascular-
ization with bypass grafting. Limb salvage was possible in 86 
of 88 limbs. Thirty-day mortality was 5%. 205

 RENAL VEIN THROMBOSIS 
Our understanding of the etiology and pathophysiology 
of renal vein thrombosis (RVT) has advanced considerably 
since the 18th century when Hunter   rst described renal 
vein thrombosis in Lady Beauchamp, which he attributed to 
complications of osteomyelitis. 206 In 1840, Rayer made the 
  rst association of RVT with the nephrotic syndrome.  207 In 
the 1940s, Abeshouse reviewed the literature on RVT up to 
that point. Infectious suppuration, malignancy, and trauma 
were cited among the most important causes. 208 Llach and 
Yudd in their previous edition of this chapter noted that 
Abeshouse’s cases were all diagnosed postmortem before the 
development of more advanced angiographic and radiologic 
techniques made antemortem diagnosis more feasible. 209

Early descriptions of RVT emphasized lumbar pain 
with   ank tenderness, edema, and lumbar masses. Indeed 
case reports still discuss   ank pain and hematuria as pre-
senting symptoms of RVT. Harrison in 1956 described RVT 
in 11 patients, with the condition detected radiologically 
in four patients. Three patients presented with nephritic 
syndrome. 210 The etiology of RVT was divided into several 
groups. In two groups RVT occurred secondarily as a result 
of primary  occlusion of the inferior vena cava or secondary 
occlusion as result of invasion of the renal vein by malignant 
neoplasm. In a third group, RVT occurred as a secondary 
result of primary renal disease, including amyloidosis, glo-
merulonephritis, and malignant hypertension. More recent-
ly, RVT as a subset of deep venous thrombosis (DVT) has 
come to be understood as a complication of the nephrotic 
syndrome, particularly membranous and membranoprolif-
erative glomerulonephritis. 211,212

 Etiology 
The incidence of thromboembolic events in nephritic syn-
drome has been reported anywhere from less than 10% to 
45%.213 A review of 29,280 autopsies between 1920 and 
1961 found 17 cases of bilateral renal vein thrombosis. 
Only two of the 17 patients had nephrotic syndrome. 214 Pro-
spective studies published between 1979 and 1988 cite an 
incidence of RVT in nephrotic syndrome overall of anywhere 
from 2% to 42% and in membranous nephropathy of 5% to 
60%.215,216

Recently, Lionaki and colleagues published results of 
a retrospective review of 898 patients in two cohorts with 
biopsy proven membranous glomerulonephritis. They 
concluded that clinically evident venous thromboembolic 
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antithrombin III concentration and activity in 20 nephrotic 
patients compared with normal patients. 253 They also saw 
heavy losses of antithrombin III in the urine. Although the 
rate of synthesis and breakdown of antithrombin III may 
not be known, renal losses likely contribute to antithrom-
bin III de  ciency in nephrotic patients, especially when the 
losses are abrupt before hepatic synthesis has had a chance 
to increase. Indeed, increased levels of antithrombin III have 
been noted in nephrotic children treated with steroids. 252

Protein C and S play an important role in inhibiting co-
agulation, and data about the role of de  ciencies in these 
two proteins in nephrotic syndrome has been reported. 
Yermiahu and colleagues reported on 15 children with pro-
teinuria, including 13 with nephrotic syndrome and two with 
subnephrotic range proteinuria. Plasma levels of  proteins C 
and S were normal, but protein C antigenicity was increased 
in the urine of   ve out of 14 children, whereas protein S 
antigenicity was noted in the urine of 7 out of 12 children. 
No thromboembolic events were noted. 254 Hanevold and 
colleagues, on the other hand, found evidence of protein S 
de  ciency in   ve children with steroid-resistant nephrotic 
syndrome. 255 Other investigators have also noted a role for 
functional protein S de  ciency in nephrotic syndrome. 256

Some investigators have reported normal levels of protein 
C in the nephrotic syndrome, with decreased activity in late 
renal disease. 257 Others have reported elevated levels of pro-
teins C and S in nephrotic syndrome and suggested a general 
increase in vitamin-K dependent anticoagulation factors in 
nephrotic sydrome. 258

Thrombocytosis has been reported in the nephrotic 
syndrome. 259,260 Increased platelet aggregation with collagen 
and adenosine diphosphate but not with epinephrine has 
been noted. 261,262 Remuzzi et al. reported that the degree of 
platelet function abnormalities correlates with the degree of 
hypoalbuminemia and severity of proteinuria. Levels of be-
ta-thromboglobulin, a speci  c protein released by platelets 
aggregation, have reported to be elevated in nephrotic pa-
tients but to return to normal levels upon clinical remission, 
suggesting that nephrotic patients have increased  levels of 
platelet aggregation. 261 And yet, other studies have  reported 
normal levels of beta thromboglobulin in nephrotic pa-
tients.262 One study of nephrotic patients showed that throm-
botic complications occurred only in patients with increased 
platelet aggregation and elevated beta- thromboglobulin 
levels.263 These researchers noted an  inverse relationship 
between beta-thromboglobulin levels and serum  albumin,
with increased risk of thrombosis at serum albumin levels 
less than 2 g per dL, suggesting a regulatory role for albumin 
in platelet aggregation. 

Other factors that may contribute to RVT beyond hy-
percoagulability include a persistent reduction in plasma 
volume. Llach and Yudd postulated that a sustained reduc-
tion in blood volume could lead to decreased renal venous 
blood   ow and thereby potentiate RVT. 209 Others have 
suggested that intensive diuretic therapy is associated with 
increased risk of RVT. 264 The nature of immunologic injury 

no evidence to suggest that this leads to increased thrombo-
embolic phenomena. 211

Elevated plasma   brinogen levels have been observed 
consistently in nephrotic patients. Using  131I labeled   brin-
ogen, researchers have found a normal rate of   brinogen 
catabolism but increased liver   brinogen synthesis that is 
proportional to urinary protein loss. 237 There is also a signi  -
cant correlation between   brinogen and cholesterol levels, 
and both are related inversely to levels of serum albumin. 
The level of   brinogen may be as high as 1 g per dL. 237 Llach 
and Yudd suggested that high   brinogen levels by increasing 
blood viscosity play a role in the hypercoagulable state of the 
nephrotic syndrome. 209

Some researchers have observed an increase in   brino-
gen degradation products in the urine of patients with ne-
phrotic syndrome although they are not generally observed 
in the serum. 238–241 And yet this is not necessarily evidence 
of increased   brinolysis in the vasculature but may in fact 
represent   ltered   brinogen that has been degraded in the 
tubules.240

A number of studies have demonstrated alterations in 
the   brinolytic system of nephrotic patients in the conver-
sion of plasminogen by plasminogen activators to the serine 
protease plasmin. 235,242 In the nephrotic syndrome, research-
ers have observed a decrease in general levels of plasmino-
gen, which in turn correlates with low levels of albumin, 
although the clinical signi  cance is not clear and cause and 
effect relationship has not been established. 215,243–245 One 
group demonstrated elevated levels of a plasmin inhibitor, 
alpha 2-antiplasmin, in 13 or 14 patients with nephrotic 
syndrome and RVT and only 12 of 30 patients with nephrot-
ic syndrome and no RVT. They suggested that elevated lev-
els of the plasmin inhibitor may be a factor in determining 
susceptibility to the development and persistence of RVT in 
patients with nephrotic syndrome. 246

Nephrotic patients have also been found to have altera-
tions in coagulation inhibitors, particularly antithrombin III, 
the main inhibitor of thrombin and activated factors XII, IX, 
X, and XI and plasmin. Case reports and case series noted 
the relationship between nephrotic syndrome, low levels 
of antithrombin III, and RVT. 247,248 The molecular weight 
of antithrombin III is similar to that of albumin and these 
researchers found a signi  cant correlation in the plasma lev-
els of the two proteins as well as between renal clearance of 
antithrombin III and antithrombin III de  ciency with anti-
thrombin III de  ciency associated with albumin levels of less 
than 2 g per dL. And yet other studies have found normal 
or increased antithrombin III activity in nephrotic children, 
although this may have been due to nonspeci  c in vitro 
inhibition of thrombin by two other clotting inhibitors. 249,250

Some researchers have demonstrated that plasma levels of 
antithrombin III correlate well with albumin but not with 
proteinuria, whereas urinary antithrombin III levels corre-
late well with proteinuria, 251,252 suggesting that  increased 
antithrombin III synthesis compensated for urinary losses. 252

Other investigators noticed a signi  cant  decrease in plasma 
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palpable kidney may be found in 60% of affected infants. 
Mortality is high. 

Acute RVT has been reported in transplant kidneys with 
increased frequency. 276–278 Predisposing factors included 
OKT3 and cyclosporine. 279 Some researchers have argued 
that cyclosporine increased the risk of transplant thrombosis 
by exacerbating hypercoagulability. 280 Other authors, how-
ever, saw the risk of thrombosis in the transplanted kidney 
related more to a previous history of thrombosis and diabe-
tes than to warm or cold ischemic time or whether cyclospo-
rine or OKT3 was used as an induction agent. 281 A search 
for reports of RVT related to newer induction and main-
tenance immunosuppressive agents at the time of writing 
did not reveal any reports of RVT caused by these agents. It 
did, however, reveal case reports of membranous nephropa-
thy with RVT treated with the newer calcineurin inhibitor 
tacrolimus. 282 Nor was there an increased risk of postopera-
tive thromboembolic events in transplant patients who were 
treated with sirolimus in addition to cyclosporine. 283

Radiologic manifestations of acute RVT are well de  ned 
compared to chronic RVT in which the signs on imaging are 
often minimal. In an experimental model of complete occlu-
sion of the renal vein, the organ experiences a sudden in-
crease in size within the   rst 24 hours of occlusion. 284 There 
is then a progressive decline in size over the next 2 months 
resulting in an atrophic kidney. Plain   lm of the abdomen 
with intravenous pyelogram may reveal an enlarged kidney; 
if the obstruction is sudden and complete, the collecting sys-
tem may not be visualized at all in which case retrograde py-
elography may be useful. When visualized, the renal pelvis 
can be stretched, distorted, and blurred as a  result of intersti-
tial edema. Notching of the ureter is a frequent radiographic 
  nding in RVT and likely represents indentation of the ure-
ters by collateral venous circulation. 285,286 Notching of the 
ureter occurs only infrequently in patients with chronic RVT 
as in nephrotic syndrome. 285

Diagnosis of RVT on ultrasonogram is made by direct 
visualization of thrombi within the renal vein and inferior 
vena cava, dilation of the renal vein proximal to the point 
of occlusion, loss of normal renal structure, and an increase 
in renal size in the acute phase. 286 Doppler ultrasonography 
may be useful in the evaluation of RVT in the transplanted 
kidney. 

CT has become the imaging modality of choice for non-
invasive evaluation of acute RVT. Gatewood and colleagues 
reviewed CT   ndings in 50 patients with nephrotic syn-
drome. The diagnosis of RVT was con  rmed in four patients 
who presented with acute clinical manifestations. All four had 
thrombus in the inferior vena cava at the level of the renal 
veins. In the remaining 46 asymptomatic patients, one had 
bilateral RVT, two had left RVT, and   ve had isolated IVC 
thrombus. Radiographic   ndings on CT included  enlargement 
and distention of the affected renal vein as well as persistent 
parenchymal opaci  cation, thickening of Gerota fascia, peri-
capsular stranding, and capsular venous collaterals are also 
observed. 287 Magnetic resonance imaging (MRI) has become 

in nephrotic syndrome may also play a role in a subpopula-
tion of patients with membranous nephropathy and RVT. 265

Indeed, in one study, factor XII and prekallikrein were 
found in subepithelial deposits in 29 patients with membra-
nous nephropathy, suggesting that such deposits triggered 
the coagulation cascade. 266,267 A tendency toward greater 
coagulability in nephrotic patients may be behind reports 
of peripheral vascular thrombosis and RVT following place-
ment of central catheters. 268 Finally, although steroids have 
become a mainstay of therapy in the treatment of proteinuric 
renal disease, reports in the literature suggest a relationship 
between steroids and the hypercoagulable state. 269–271

In summary, the pathogenesis of RVT is a complex 
interplay of increased glomerular permeability leading to 
urinary losses of clotting inhibitors (zymogens, plasminogen, 
and albumin), leading to hypoalbuminemia, with resultant 
increased hepatic production of   brinogen and cofactors and 
increased platelet aggregation—urinary losses and hypoal-
buminemia together result in hypercoagulability. At the same 
time, the loss of oncotic pressure leads to hemoconcentra-
tion and reduced renal blood   ow. Finally, diuretics, steroid 
therapy, and immunologic injury, particularly in membra-
nous nephropathy, round out the underlying causes of RVT. 

 Clinical Manifestations 
As noted in the introduction to this section, the clinical 
presentation of RVT varies from patient to patient. 210,223

In general, the mode of presentation can be either acute or 
chronic, which is observed more frequently and is usually 
asymptomatic. Acute RVT is characterized by sudden onset 
and usually occurs in younger patients complaining of per-
sistent, at times colicky,   ank pain; marked costovertebral 
angle tenderness and macroscopic hematuria are usually 
present. Acute RVT may on occasion be bilateral, resulting 
in oliguric renal failure and   ank pain. 209

Other causes of RVT include trauma, oral contracep-
tives, volume depletion, and steroids, as previously men-
tioned. Oral contraceptives have been reported as an isolated 
cause of RVT in case reports. In a recent one, a  35-year-old 
woman was awoken from sleep by acute   ank pain. CT 
showed thrombus extending from the right renal vein into 
the inferior vena cava. Her sole risk factor was chronic 
ingestion of oral contraceptives. In an earlier case, the pa-
tient presented with accelerated hypertension and RVT and 
underwent nephrectomy. 272,273 A cause-and-effect relation-
ship could not be established in the earlier case, but a meta-
analysis of studies on the risk of VTE and oral contraceptive 
use concluded that the connection is valid, particularly in 
women with a previous history of VTE. 274

Volume depletion is associated with RVT in infants. 275

Thrombosis develops in the small renal veins, predominantly 
the arcuate or the intralobular vein. In children without the 
nephrotic syndrome or proteinuria, this syndrome develops 
in the clinical setting of diarrhea, vomiting, or shock. Oligu-
ria and hematuria rapidly ensue. The common clinical pre-
sentation is a hyperosmolar hypovolemic state. An  enlarged 
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the initial drug of choice with the aim to maintain a clot-
ting time of 2 to 2.5 times normal. Once oral anticoagula-
tion therapy is established, the prothrombin time should be 
around 1.5 to 2 times normal. Llach recommends that the 
patients should be treated with anticoagulants as long as the 
albumin is less than 2.5 g per dL. 209

Several cases reports have been published in which the 
authors used low-molecular weight heparin to treat RVT. 
Renal function was reported as normal. 294,295 But use of low-
molecular-weight heparin, which is cleared by the kidneys, is 
not recommended in patients with creatinine clearance less 
than 30 mL per min because of increased risk of bleeding. 296

Some have suggested a possible role for the newer class of 
direct thrombin inhibitors in treatment of venous thrombo-
embolism.297 But a search of the U.S. National  Library of 
Medicine online database at the time of this writing did not 
reveal any articles speci  cally on the use of direct thrombin 
inhibitors in the treatment of RVT. 

Both streptokinase and urokinase have been used  either
systemically or with selective infusion. 67,298,299 Selective in-
fusion has been used selectively in RVT of transplanted kid-
neys.300,301 Surgical treatment for RVT is rarely used  because
the role for thrombectomy has not been established as ben-
e  cial. 
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increasingly useful as a tool for evaluating renal pathology. In 
a review of published literature on renal vein thrombosis, As-
ghar and colleagues concluded that CT angiography remains 
the investigation of choice although MRA and renal venogra-
phy would also be useful in selected patients. 288

 Clinical Course and Treatment 
RVT represents a distinct clinical entity, with malignancy 
the underlying cause in 66% of cases and nephrotic syn-
drome the cause of 20% in one relatively recent series. 289

Older series looked at the prognosis and treatment of RVT 
in  nephrotic syndrome. Kowal and colleagues reviewed 
65 cases of RVT in nephrotic syndrome of whom only 14 
were alive at 2 years. Data was available only for the 14 
surviving patients, of whom 10 had acute RVT. 285 Rosen-
mann and colleagues followed 15 nephrotic patients with 
RVT. Only four of the patients had symptoms suggestive of 
acute RVT. Seven patients had one or more episodes of pul-
monary embolism and four had repeated thrombosis of the 
renal venous system. Seven patients died, and the authors 
suggested that recurrent thromboembolic events portended 
a worse outcome. 290 Richet and Meyrier reviewed 112 cases 
of RVT  cited in the literature, and of those 112, 72 had died 
for a mortality rate of around 64%. 291 McCarthy et al. esti-
mated the average survival after the onset of RVT at around 
9 months. 214 But that may overestimate mortality since kid-
ney failure was a cause of death in some of the patients, and 
dialysis therapy was not readily available. 209

In the 1980s, Laville and colleagues reviewed the cases of 
27 patients with RVT to assess their long-term prognosis. 292

Twenty-four patients had nephrotic syndrome, and 15 had 
renal impairment. Ten patients were treated with anticoagu-
lation alone. Eleven patients died within the   rst 6 months, 
mainly from hemorrhagic complications or sepsis. Among 
the survivors, nephrotic syndrome improved or went away 
in 12 patients, and renal function did not worsen in any of 
the survivors. Patients with membranous nephropathy had 
signi  cantly better renal function and a lower mortality rate 
than patients with other types of nephropathy. Initial renal 
insuf  ciency portended a poor outcome. There was no sur-
vival advantage to thrombectomy over anticoagulation alone. 

Wysokinski and colleagues reviewed the   les of 218 
patients with RVT followed from the Mayo Clinic between 
1980 and 2000, comparing then with patients who suffered 
DVT and normal controls. 289 During a mean follow-up of 
42   57 months there were 8 recurrent RVTs, signi  cantly 
fewer than in the DVT group. Survival was also lower on an 
age- and sex-matched basis for patients in the RVT group 
than for patients in the DVT group. Active malignancy and 
infection were also associated with poor outcomes. Patients 
on warfarin therapy had a survival advantage. 

Other studies have noted treatment with anticoagulation 
therapy reduced the risk of recurrent RVT and reversed the 
deterioration in renal function that occurred with RVT. 212,293

For patients receiving warfarin anticoagulation, heparin is 
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