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Abstract

Cholesterol embolization syndrome (CES) is a complication some-
times occurring after invasive endovascular procedures. CES is 
characterized by release of cholesterol crystals and particles from 
atheromatous plaques, which can occlude distal vessels and induce 
an inflammatory response, resulting in end-organ damage. We re-
port the case of a 66-year-old man who presented with an acute 
ST-elevation myocardial infarction. An intra-aortic balloon pump 
was placed due to hemodynamic instability following percutaneous 
coronary intervention. Ten weeks after discharge, he presented with 
signs and symptoms of CES (e.g., livedo reticularis, acrocyanosis, 
acute renal failure), and a new left ventricular apical thrombus. 
Withdrawal of anticoagulation is often recommended in the setting 
of CES, on the presumption that anticoagulants favor plaque hem-
orrhage and subsequent cholesterol micro-embolization. Because 
of the potential disastrous consequences of an embolus, the patient 
was anticoagulated with warfarin concurrently with corticosteroids 
to suppress the inflammatory response to cholesterol crystals. His 
renal function continued to improve and he was discharged with-
out the need for dialysis. This case illustrates that anticoagulation 
therapy in CES is feasible and appears to be safe in patients with a 
coexisting urgent indication for anticoagulation.

Keywords: Acrocyanosis; Atheroemboli; Livedo reticularis; Blue 
toe syndrome; Cholesterol embolization; Vascular ischemia; Cho-
lesterol crystal

Introduction

Cholesterol embolization syndrome (CES) is characterized 
by release of cholesterol crystals and particles from ather-
omatous plaques. These emboli can occlude distal vessels 
and induce an inflammatory response, resulting in end-organ 
damage, including infarction [1-3]. Embolization of these 
crystals and particles may occur spontaneously or, more 
commonly, may be triggered by invasive endovascular pro-
cedures [4-6]. Cholesterol emboli (aka atheroemboli) are 
generally smaller than thromboemboli and are more likely 
to occlude smaller arteries and arterioles with lumen diam-
eter of 150 - 200 µm [7]. Acute kidney injury is a common 
manifestation of CES and is seen in 25-50% of cases [8, 9]. 
Ischemic skin changes, including blue toe syndrome, are 
seen in about one-third of cases [9]. Treatment of CES is 
largely supportive [10]. Limited evidence suggests that anti-
inflammatory therapy, including corticosteroids or prostacy-
clin analogues, or both, may be beneficial in selected cases 
[11, 12]. If the embolic event occurs in actively anti-coagu-
lated patients (e.g., heparin, warfarin), these medications are 
generally withdrawn based on the presumption that plaque 
hemorrhage with subsequent cholesterol micro-embolization 
is the culprit mechanism [13]. Herein, we describe the com-
plex treatment of a man with CES following invasive arte-
rial interventions after an acute myocardial infarction (MI). 
Medical management was complicated by a concurrent, new 
left ventricular (LV) apical thrombus.

 
Case Report

A 66-year-old man presented to his local emergency de-
partment (ED) with chest pain, and was diagnosed with an 
acute non-ST elevation MI. He was initiated on IV hepa-
rin and dual anti-platelet therapy and transferred to Mayo 
Clinic Hospital for further management. On arrival, his 
ECG showed mild ST elevation in the anterolateral leads. 
Coronary angiography showed severe multi-vessel coronary 
artery disease. Echocardiography showed severely reduced 
LV systolic function, an ejection fraction of 22%, and aki-
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nesis of the anterior and anterolateral walls and apex. The 
patient subsequently developed recurrent chest pain with 
pronounced ST-segment elevation in the anterolateral leads. 
An intra-aortic balloon pump was placed followed by CABG 
surgery. 

Following hospital dismissal, his creatinine was noted 
to progressively rise from a baseline of 1.3 mg/dL to 2.0 mg/
dL one week post-discharge, to 5.2 mg/dL 10 weeks later. 
His eosinophil count was also elevated. A follow-up echo-

cardiogram revealed a new LV apical thrombus. Because 
of his deteriorating clinical status, he was readmitted to the 
hospital. His physical examination was notable for livedo re-
ticularis on the plantar surfaces and acrocyanosis bilaterally 
(Fig. 1A). Renal ultrasound showed no hydronephrosis or 
localized wedge-shaped lesions. These findings, following 
recent endovascular interventions, raised clinical suspicion 
for CES. Ultrasound of the aorta showed mobile atheroma-
tous plaques in the abdominal aorta (Fig. 1B). Renal biopsy 
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Figure 1. Ischemic skin manifestations of cholesterol embolization syndrome. (A) Marked purplish discoloration of plantar surfaces 
(livedo reticularis) and pallor and cyanosis of the toes, indicating acute loss of perfusion, several weeks after percutaneous intra-
arterial intervention in a patient with (B) severe atherosclerosis of the thoracoabdominal aorta.

Figure 2. Renal biopsy results. (A) Occlusion of a branch renal artery by cholesterol emboli (hematoxylin and eosin, original mag-
nification, × 100). Evidence of dissolved cholesterol crystals is represented by needle-shaped cholesterol clefts. (B) Time course 
of serum creatinine values in the days following initial vascular insult. Graph shows initial steady increase of serum creatinine and 
initial improvement with supportive care (mainly, intravenous fluid hydration), followed by worsening after initiation of anticoagula-
tion, with subsequent stabilization and improvement after initiation of corticosteroid therapy. CABG: coronary artery bypass grafting; 
cath: catheterization; IABP: intra-aortic balloon pump.
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showed morphologic alterations within arteries and arteri-
oles consistent with atheroembolic renal disease (Fig. 2A).

The patient’s creatinine level initially decreased from 
5.2 mg/dL on readmission to 4.1 mg/dL on day 4 (Fig. 2B). 
Serum creatinine then resumed an upward trend as the INR 
increased to the therapeutic range. Corticosteroid therapy 
was initiated to suppress the inflammatory response to the 
cholesterol crystals. Subsequently, the serum creatinine level 
stabilized in the range of 5.8 - 6.0 mg/dL, followed by a slow 
decline. He was discharged in stable condition on day 12 
with a creatinine level of 5.9 mg/dL. The patient’s last serum 
creatinine level was 4.8 mg/dL at 2 weeks after discharge.

Discussion
  
Cholesterol crystal embolization is a rare, but serious, com-
plication of invasive endovascular procedures in patients 
with advanced atherosclerosis. The incidence of clinically 
apparent cholesterol embolization after such procedures 
ranges from less than 1% after cardiac surgery [8] to 1.4% 
after cardiac catheterization [4, 14], but it has been noted in 
up to 30% of similar cases in autopsy series [7]. Other risk 
factors for cholesterol embolization include hypertension 
and thrombolytic therapy [9]. Possible effects of the emboli 
include neurologic injury [1], gastrointestinal infarcts, renal 
failure and ischemic skin changes. End-organ manifestations 
generally correlate with blood flow distribution distal to the 
source. Hence, renal failure is commonly observed in associ-
ation with CES since the kidneys receive 20-25% of cardiac 
output [3, 5, 16].

Other possible manifestations include fever, eosinophil-
ia and elevated levels of inflammatory markers, including 
erythrocyte sedimentation rate and C-reactive protein. Up to 
80% of CES cases may show eosinophilia [15]. Although 
eosinophiluria may be seen, its diagnostic accuracy for iden-
tifying atheroembolic renal disease is limited and varies 
depending on the stain used [17]. Therefore, the presence 
of urine eosinophils should be interpreted in the context of 
other clinical clues. Definitive diagnosis is made by renal bi-
opsy. In the present case, progressive renal failure, ischemic 
skin changes and eosinophilia in the situation of recent in-
vasive endovascular procedures raised the clinical suspicion 
of CES, which was subsequently confirmed by renal biopsy.

Treatment of CES is largely supportive [10] and general-
ly consists of fluid and blood pressure support, hemodialysis 
when indicated, and nutritional and metabolic support. Sur-
gical removal of the embolic source is warranted for those 
cases occurring spontaneously to prevent recurrent embolic 
showers. The role of anticoagulation therapy in CES remains 
controversial. Although no randomized trials have specifi-
cally evaluated anticoagulation as a potential CES risk fac-
tor, previous studies have suggested an association between 
anticoagulation and plaque hemorrhage, plaque rupture and 

subsequent cholesterol crystal embolization [13, 18, 19]. In 
the absence of prior endovascular procedures, anticoagula-
tion alone is temporally associated with approximately 7% 
of CES renal disease cases [20]. Thus, treatment of CES 
generally entails withdrawal or avoidance of anticoagulation 
[10].

In the present case, CES management was complicated 
by the acute indication for anticoagulation (LV thrombus). 
Because potential consequences of an embolus can be disas-
trous, withdrawal of anticoagulation in such cases requires 
careful consideration of potential risks and benefits. In the 
absence of anticoagulation, the risk of embolization in pa-
tients with LV thrombus, particularly if mobile or protrud-
ing, as in our patient, has been reported to be between 10% 
and 15%, with most events occurring within the first few 
weeks after acute MI [21, 22]. Prior studies have suggested 
that early anticoagulation lowers the risk of thrombus em-
bolization [23, 24]. Current consensus is to continue antico-
agulation in patients with a concurrent indication for it (e.g., 
mechanical prosthetic valve, new intravascular thrombus, 
atrial fibrillation) [25].

  
Conclusion

Cholesterol embolism is a rare, but serious complication of 
invasive endovascular procedures. It may result in ischemic 
end-organ damage from distal embolization of ruptured 
plaque in the aorta. Early recognition demands a high index 
of suspicion based on clinical findings of ischemic skin le-
sions, gradual-onset renal failure, elevated levels of inflam-
matory markers and eosinophilia. Treatment is generally 
supportive. Although no definitive treatment is established 
for CES, use of anticoagulant therapy in cholesterol emboli-
zation appears to be feasible and safe in patients with a coex-
isting urgent indication for anticoagulation.
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