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Abstract 

Background  Cholesterol embolism causes various organ dysfunctions, including skin, kidney, and gastrointestinal 
tract dysfunction, as well as immunological abnormalities, such as hypocomplementemia and eosinophilia. However, 
only a few cases of vasculitis accompanied by cholesterol embolism have been reported.

Case presentation  We present the case of an 82-year-old man with cholesterol embolism who also developed 
small-vessel vasculitis of the skin and muscles. The patient had a persistent fever, and blood tests showed eosinophilia 
and hypocomplementemia. Two months later, the patient developed a skin rash and myalgia in the thighs. Magnetic 
resonance imaging of the thighs revealed diffuse intramuscular hyperintensities on T2-weighted images and short tau 
inversion recovery sequences in the hamstrings and quadriceps femoris. Histological findings of the skin and muscle 
revealed small-vessel vasculitis, and random skin biopsy revealed cholesterol embolism. We diagnosed the patient 
with cholesterol embolism accompanied by small-vessel vasculitis of the skin and femoral muscles. Methylpredni-
solone was administered intravenously, and oral prednisolone was initiated. Muscle tenderness improved rapidly 
after the initiation of glucocorticoid therapy. However, he developed superior mesenteric artery embolization 
and died.

Conclusions  Our case demonstrates that cholesterol embolism can be accompanied by small-vessel vasculitis 
of the skin and muscles.

Keywords  Cholesterol embolism, Small-vessel vasculitis, Intramuscular vasculitis, Hypocomplementemia, 
Eosinophilia

Background
Cholesterol embolism is characterized by inflammation 
and occlusion of small arteries due to cholesterol crys-
tals from disrupted atherosclerotic plaques [1]. It mainly 
occurs in patients with atherosclerosis after vascular sur-
gery or endovascular procedures and sometimes arises 
spontaneously [2]. It develops in multiple organs, such as 
the skin, kidneys, and gastrointestinal tract. It causes var-
ious symptoms, such as fever, rash, acute kidney injury, 
and intestinal ischemia [1]. Cholesterol embolism evokes 
immunological reactions such as hypocomplementemia 
and eosinophilia; however, vasculitis associated with cho-
lesterol embolism has rarely been reported [3]. Herein, 
we report the case of an older man with cholesterol 
embolism who developed small-vessel vasculitis of the 
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skin and muscles, without a history of a preceding intra-
vascular procedure.

Case presentation
An 82-year-old man with a 2-month history of fever was 
referred to our hospital. One month before admission, 
the patient visited another hospital because of persistent 
fever and weight loss. Blood test results revealed leukocy-
tosis with eosinophilia, elevated C-reactive protein levels, 
and hypocomplementemia; however, blood cultures did 
not yield any bacteria, and contrast-enhanced computed 
tomography of the chest and abdomen did not reveal 
any findings that caused the fever. The cause of his fever 
was not clear, and the patient was prescribed acetami-
nophen and followed up. Three weeks before admission, 
the patient developed skin purpura on the lower extremi-
ties and myalgia in the thighs. He had a medical history 

of lacunar cerebral infarction and hypertension and was 
taking amlodipine and vonoprazan. The patient had no 
history of vascular surgery or endovascular procedures, 
smoking, or alcohol consumption.

Physical examination revealed a blood pressure of 
134/80  mmHg, pulse rate of 110/min, respiratory rate 
of 12 breaths/min, and body temperature of 37.3 ℃. The 
patient was alert and conscious. Both the thigh muscles 
were tender. On manual muscle testing, the upper limb 
muscles were all normal (right 5/5 and left 5/5), iliopsoas 
muscles right 4/5 and left 4/5, and quadriceps femoris 
right 4/5 and left 3/5. Palpable purpura was observed on 
the lower legs (Fig. 1a). None of the joints were swollen 
or tender. Laboratory findings revealed a white blood 
cell count of 18,200 /µL with eosinophilia (1965 /µL), 
C-reactive protein level of 11.9  mg/dL, rheumatoid fac-
tor of 1060  mg/dL, and hypocomplementemia with C3 

Fig. 1  a Physical examination findings. Purpura on the lower legs is observed. b Contrast-enhanced computed tomography of the chest 
and abdomen reveals calcification of the descending aorta. c Magnetic resonance imaging of the thighs reveals diffuse intramuscular 
hyperintensities on T2-weighted images and short tau inversion recovery sequences in the hamstrings and quadriceps femoris. d Histological 
findings of the purpura on the lower leg demonstrate perivascular inflammatory cell infiltration with hemorrhage and nuclear dust. e Histological 
examination of the left vastus lateralis muscle reveals two vessels surrounded by lymphocytes and macrophages, with no evidence of fibrinoid 
necrosis. f Random skin biopsy shows the presence of crystal clefts within small blood vessels in the superficial dermal layer
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of 45.3  mg/dL (reference range: 69 to 128) and C4 of 
2.5 mg/dL (reference range: 14 to 36) (Table 1). The test 
results for anti-cyclic citrullinated peptide antibody, 
anti-nuclear antibody, myeloperoxidase anti-neutrophil 
cytoplasmic antibody (ANCA), proteinase-3-ANCA, 
cryoglobulin, and myositis-specific autoantibodies were 
negative. Blood cultures did not yield any organisms. 
Contrast-enhanced computed tomography of the chest 
and abdomen revealed no abnormalities other than aor-
tic calcification with a plaque of 5 mm in size lacking free 
floating material (Fig.  1b). Transthoracic echocardiog-
raphy showed no thickening or calcification of the heart 
valves; however, reveled the findings of Takotsubo cardi-
omyopathy and a 20 mm-sized thrombus in the left ven-
tricle. Magnetic resonance imaging of the thighs revealed 

diffuse intramuscular hyperintensities on T2-weighted 
images and short tau inversion recovery sequences in 
the hamstrings and quadriceps femoris (Fig.  1c). Skin 
biopsy of the purpura on the right lower leg revealed 
perivascular inflammatory cell infiltration with hemor-
rhage and nuclear dust, indicating leukocytoclastic vas-
culitis (Fig. 1d). Muscle biopsy of the left vastus lateralis 
also revealed intramuscular vasculitis with lymphocyte 
and macrophage infiltration, without fibrinoid necro-
sis (Fig. 1e). No apparent necrotic fibers were observed, 
and direct immunohistochemical staining revealed no 
signs of inflammatory myopathy. Random skin biopsy 
was performed to investigate the underlying cause of 
prolonged fever in the patient. Histological examination 
revealed cholesterol crystal clefts within small vessels of 

Table 1  Laboratory findings on the day of admission

WBC White blood cells, Neut Neutrophils, Lymph Lymphocytes, Eos Eosinophils, Hb Hemoglobin, Plt Platelet, TP Total protein, AST Aspartate aminotransferase, ALT 
Alanine aminotransferase, LDH Lactate dehydrogenase, CK Creatinine kinase, BUN Blood urea nitrogen, Cre Creatinine, CRP C-reactive protein, RF Rheumatoid factor, 
ANA Antinuclear antibody, CCP Ab Anti-cyclic citrullinated peptide antibody, MPO-ANCA Anti-myeloperoxidase anti-neutrophil cytoplasmic antibody, PR3-ANCA 
Anti-proteinase 3 anti-neutrophil cytoplasmic antibody, ARSab Anti-aminoacyl-tRNA synthetase antibody, MDA-5 ab Anti-melanoma differentiation-associated gene 5 
antibody, TPHA Treponema pallidum hemagglutination test

Complete blood count Biochemical blood test Immunological test results

WBC 18,200/μL TP 5.4 g/dL RF 1,060 mg/dL ARS ab negative

Neut 73.4% AST 80 U/L C3 45.3 mg/dL Jo-1 ab negative

Lymph 12.7% ALT 39 U/L C4 2.5 mg/dL Mi-2 ab negative

Eos 10.8% LDH 276 U/L ANA 1:40 MDA-5 ab negative

Hb 9.9 g/dL CK 1,630 U/L SS-A ab  < 1.0 U/mL cryoglobulin negative

Plt 53.5 10^4/μL BUN 34.7 mg/dL SS-B ab 1 U/mL HBs-Ag negative

Cre 1.16 mg/dL CCP ab 0.6 U/mL HCV ab negative

CRP 11.9 mg/dL MPO-ANCA 1 U/mL TPHA negative

PR3-ANCA 1 U/mL HIV ab negative

Fig. 2  Clinical course of the patient. mPSL, methylprednisolone; PSL, prednisolone; CRP, C-reactive protein; Eo, eosinophil
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the superficial dermis (Fig. 1f ). We diagnosed the patient 
with cholesterol embolism accompanied by small-vessel 
vasculitis of the skin and femoral muscles. On day 6, 
methylprednisolone (1000  mg/day) was administered 
intravenously for 3 days, and on day 9, oral prednisolone 
(45  mg/day: 1  mg/kg/day) was initiated. Muscle tender-
ness improved rapidly after the initiation of glucocor-
ticoid therapy. Although we also initiated continuous 
heparin infusion for intraventricular thrombus from day 
1 of admission, the patient developed superior mesenteric 
artery embolism on day 9. Emergency abdominal sur-
gery was performed, and the necrotic small intestine was 
removed from the point 80 cm from the Treitz ligament 
to 270  cm towards the anus, and 15  cm of the necrotic 
transverse colon was also resected. However, the patient 
developed pan-peritonitis after surgery and died on day 
23. Pathological findings of the necrotic bowels revealed 
thrombus in the mesenteric arteries, but no cholesterol 
embolus was found. The thrombus was thought to be 
from the intraventricular thrombus or due to thrombo-
genic effect of high corticosteroid dose. (Fig. 2).

Discussion and conclusions
The patient’s clinical course highlights two important 
observations. First, cholesterol embolism can be accom-
panied by small-vessel vasculitis with muscle involve-
ment. Second, hypocomplementemia and eosinophilia 
can be diagnostic indicators of vasculitis caused by cho-
lesterol embolism.

Although cholesterol embolism is known to involve 
various organs [4], vasculitis complications are rare, and 
only 11 cases have been reported [3, 5–12] (Table 2). All 
the patients had small-vessel vasculitis. Seven patients 
lacked a history of preceding intravascular procedures, 
and five patients were ANCA-positive. In most cases, the 
skin and kidneys were involved, and two autopsy cases 
demonstrated vasculitis of the muscles, lungs, and cen-
tral nervous system [6, 11]. Our case is rare, wherein the 
patient demonstrated muscle involvement with small-
vessel vasculitis. Intramuscular vasculitis is generally 
uncommon. ANCA-associated vasculitis and polyarte-
ritis nodosa sometimes result in muscle vasculitis [13]; 
however, other vasculitis rarely involves the muscle, with 
only a few reports of giant cell arteritis, IgA vasculitis, 
systemic lupus erythematosus, and rheumatoid arthritis 
vasculitis [13]. Although the mechanism underlying the 
onset of vasculitis associated with cholesterol embolism 
remains unclear, immune responses are presumed to be 
involved. Cholesterol crystals obstruct the distal artery, 
with diameters ranging from 100 to 200  µm [14]. Cho-
lesterol embolism causes ischemic injury to the distal tis-
sues, subsequently inducing an inflammatory reaction. 
Macrophages and neutrophils are recruited to cholesterol 

crystals in the vessel walls, releasing enzymes and reac-
tive oxygen species [15]. Cholesterol crystals activate the 
nucleotide-binding domain, leucine-rich repeat protein-3 
inflammasome, and interleukin-1 production; they also 
stimulate immune cells and endothelial dysfunction, con-
tributing to vascular inflammation [16]. This cascade trig-
gers complement activation and influences the release of 
mast cells and eosinophils, thereby perpetuating endothe-
lial injury [14]. Thus, inflammation of the blood ves-
sels caused by cholesterol embolism and the subsequent 
immune response may trigger small-vessel vasculitis.

Vasculitis accompanied by hypocomplementemia 
occurs in patients with systemic lupus erythematosus, 
Sjögren’s syndrome, rheumatoid vasculitis, and cryoglo-
bulinemia. Vasculitis accompanied by eosinophilia devel-
ops in patients with eosinophilic granulomatosis with 
polyangiitis. However, vasculitis accompanied by hypoc-
omplementemia and eosinophilia is rare [17]. Although 
patients with cholesterol embolism-associated vasculitis 
do not always present with hypocomplementemia and 
eosinophilia, they may serve as diagnostic indicators of 
the underlying conditions of vasculitis. Early diagnosis of 
cholesterol embolism-associated vasculitis is important 
because immunosuppressive therapies such as predniso-
lone have been reported to be effective [3, 5–12, 18].

In summary, our case demonstrates that cholesterol 
embolism can be accompanied by small-vessel vascu-
litis of the skin and muscles. When patients present 
with intramuscular small-vessel vasculitis accompa-
nied by hypocomplementemia or eosinophilia, physi-
cians should consider cholesterol embolism-associated 
vasculitis as a differential diagnosis and investigate the 
presence of cholesterol crystals in small arteries.

Abbreviation
ANCA	� Anti-neutrophil cytoplasmic antibody
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