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Abstract
Background  Approximately, 20–70% of patients with cholesterol crystal embolism (CCE) have eosinophilia. However, it 
remains unknown how eosinophilia influences renal prognosis in patients with CCE. In this study, we investigated the asso-
ciation between eosinophil count (Eo) and renal prognosis in CCE patients on steroid therapy.
Methods  The present study is a single-centered retrospective cohort study in patients with renal dysfunction and CCE from 
April 2007 to May 2018. This study included the patients who were treated with neither maintenance dialysis nor steroid 
before CCE diagnosis, and followed-up for kidney function until November 2019. We assessed whether eosinophilia at the 
time of CCE diagnosis was related to renal death after treating with steroid therapy.
Results  Thirty patients with pathologically diagnosed CCE were enrolled and followed-up for 11.0 (5.2–43.4) months. 
There were significant differences in the white blood cell count (p = 0.01), hemoglobin (p = 0.009), serum creatinine levels 
(p = 0.008), phosphate (p = 0.049), and Eo (p = 0.008) between the renal survival and renal death groups. Using the receiver 
operating characteristic curve analysis with Youden index, Eo of 810/µL showed 100% sensitivity and 69.6% specificity for 
detecting renal death (area under the curve: 0.839). Comparing the outcomes in patients having Eo ≥ and < 810/µL using the 
log-rank test, there is a significantly higher renal death rate in CCE patients with Eo ≥ 810/µL (p = 0.0016).
Conclusion  Higher eosinophilia was a prognostic risk factor for renal death in the patients with CCE.
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Abbreviation
AAA​	� Abdominal aortic aneurysm
Alb	� Albumin
ACEi	� Angiotensin converting enzyme inhibitor
ARB	� Angiotensin II receptor blocker
BUN	� Blood urine nitrogen
Ca	� Calcium
CBC	� Cell blood count
CKD	� Chronic kidney disease
CCE	� Cholesterol crystal embolism
Cr	� Creatinine
CRP	� C-reactive protein
DM	� Diabetic mellitus
eGFR	� Estimated glomerular filtration rate
ESRD	� End-stage renal disease
GM-CSF	� Granulocyte–macrophage colony-stimulating 

factor
Hb	� Hemoglobin
HbA1c	� Hemoglobin A1c
HDL	� High density lipoprotein
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HT	� Hypertension
HR	� Hazard ratio
IHD	� Ischemic heart disease
IL	� Interleukin
IQR	� Interquartile range
LDL	� Low density lipoprotein
NLRP3	� Nucleotide-binding domain and leucine-rich 

repeat-containing pyrin domain containing 
receptor 3

P	� Phosphate
PAD	� Peripheral artery disease
PLT	� Platelet
PSL	� Prednisolone
ROC	� Receiver operating characteristic
RRT​	� Renal replacement therapy
TAA​	� Thoracic aortic aneurysm
TCHO	� Total cholesterol
TG	� Triglyceride
TGF	� Transforming growth factor beta
TP	� Total protein
TMA	� Thrombotic microangiopathy
WBC	� White blood cell

Introduction

Flory et al. were the first to have studied cholesterol crystal 
emboli (CCE). They reported that the autopsy performed 
in men with advanced arteriosclerosis showed numerous 
occlusions of small arteries with cholesterol crystals in 
multiple organs, such as the kidney, spleen, pancreas, and 
thyroid [1]. CCE occurs following the disruption of an 
aortic intimal plaque with the crystals being systemati-
cally dispersed in multiple organs. The cause of CCE is 
largely iatrogenic and the condition is often associated 
with invasive procedures in vessels, such as aortic surgery, 
coronary and abdominal angioplasty. Patients with CCE 
may have several clinical characteristics including eosino-
philia, blue toes, warfarin use, and renal dysfunction after 
invasive procedure.

Some studies have reported that about 20–70% of patients 
with CCE have eosinophilia (> 500/µL) [2–7]. However, 
the influence of eosinophilia on the prognosis has not been 
studied. The disease and syndrome associated with eosino-
philia include eosinophilic granulomatosis with polyangiitis, 
chronic eosinophilic pneumonia, and hypereosinophilic syn-
drome, etc. In all these disorders, eosinophilic inflammation 
is a predominant pathogenic feature and leads to multiorgan 
damage. Herein, we hypothesize that CCE patients with 
eosinophilia have associated with more severe kidney dam-
age. In this study, we investigated the association between 
eosinophilia and the renal prognosis in CCE patients.

Materials and methods

Participants

Study patients

This was a single-centered retrospective cohort study of 
patients who had the biopsy-proven CCE at the Shonan 
Kamakura General Hospital from April 2007 to May 2018. 
Patients were followed-up until November 2019 and infor-
mation was collected with regard to laboratory tests, renal 
replacement therapy, and all-cause mortality from the elec-
tronic records. All patients were consulted to nephrologists 
for renal dysfunction, diagnosed CCE pathologically, and 
treated with steroid therapy in this study. We excluded those 
patients on maintenance renal replacement therapy prior 
to the diagnosis of CCE and the patients not being given 
steroid therapy following the diagnosis of CCE. The study 
was approved by the Ethical Committee of the Tokushu-
kai Group Institutional Review Board (Approval number 
IRB No. TGE01161-024) and was conducted as per the 
guidelines of the declaration of Helsinki. For this study, 
we adopted an opt-out consent design instead of the writ-
ten informed consent. We provided patients with informa-
tion explaining the proposed research project (the purpose, 
required individual data, and duration of research) by means 
of an information sheet or the website of the hospital, and 
gave them the opportunity to opt-out.

Definition of CCE and renal death

Biopsy-proven typical pathological finding (the cholesterol 
creft) was the definition of CCE in this study. Renal death 
was defined as the requirement of maintenance hemodialysis.

Measurements

From the electronic medical records, we obtained infor-
mation about baseline patient characteristics and the use 
of medications (antihypertensives, anti-platelet, and anti-
coagulation drugs). Baseline characteristics included 
age, sex, smoking, comorbidity [hypertension (HT), dys-
lipidemia, diabetic mellitus (DM), ischemic heart disease 
(IHD), stroke, and peripheral artery disease (PAD)]. Body 
mass index (BMI) was calculated from the weight and height 
measurements as weight (kg) divided by the square of the 
height (m2). Blood samples were obtained before initiat-
ing steroid therapy. Cell blood count (CBC), eosinophil 
count (Eo), hemoglobin (Hb), albumin, blood urea nitrogen 
(BUN), serum creatinine, estimated glomerular filtration 
rate (eGFR), calcium, phosphate, C-reactive protein (CRP), 
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total cholesterol (T-cho), triglyceride (TG), high density 
lipid (HDL), low density lipid (LDL), and hemoglobinA1c 
(HbA1c) were assessed. Urine samples were also obtained at 
the same time. We also investigated the presence of known 
factors contributing to the formation of CCE, such as past 
history of cardiovascular interventions, operations, and 
aneurysms in the aorta between the thoracic arch and the 
division into iliac arteries. The dose and duration of steroid 
therapy were noted from the records. The interval period 
between invasive procedure and diagnosis of CCE was also 
investigated.

Study end points

The primary end point was whether eosinophilia was related 
to renal death. We initiated steroid therapy following the 
diagnosis of CCE. Serum creatinine levels were followed-
up at 1, 3, 6, and 12 months, and every 6 months thereafter, 
after the initiation of steroid therapy. The patients were fol-
lowed-up to check whether they initiated maintenance renal 
replacement therapy.

Secondary end points

In addition, we analyzed whether any difference in renal 
death was seen among the four groups: with/without aortic 
aneurysms (thoracic or abdominal) and/or eosinophilia, and 
whether the number of eosinophils had any correlation with 
the interval between performance of invasive procedures and 
diagnosis.

Statistical analysis

Continuous data are expressed as median [interquartile range 
(IQR)], and categorical data are expressed as numbers (%). 
To determine the factor of worsening renal dysfunction, we 
divided patients into two groups, i.e., renal survival and renal 
death group, and compared the Student t test or Fisher exact 
test among these groups. We analyzed the validity of eosino-
phil counts using receiver operating characteristic (ROC) 
curve analysis. The Youden index was used to determine 
cut-off values of the eosinophil counts for predicting renal 
death. Renal death was calculated with the Kaplan–Meier 
method, and comparisons between two different eosinophil 
groups were made by the log-rank test. Proportion of renal 
death was compared with groups between eosinophilia and/
or aortic aneurysm by Fisher exact test. A value of p < 0.05 
was considered to indicate significance. All statistical analy-
ses were done with IBM SPSS Statistics Software Ver.21 
(SPSS Inc. Chicago, Ill, USA).

Results

Patient characteristics (Table 1)

Based on the inclusion and exclusion criteria, 30 
patients were finely enrolled. Table 1 shows the baseline 
characteristics of the patients in our study. The median 
age was 77 [73, 80] years [IQR]. Hypertension, diabetes 
mellitus, and ischemic heart disease were seen in 30 
(100%), 12 (40%), and 20 (66.7%) patients, respectively. 
Iatrogenic CCE following procedures such as angiography 
and/or cardiovascular surgery was seen in 19 patients 
(63.3%), and 12 of these 19 patients (63.2%) had an 
abdominal aortic aneurysm (AAA) and/or a thoracic 
aortic aneurysm (TAA). Of the 11 patients with idiopathic 
(negative invasive procedure) CCE, 8 patients (72.7%) 
had AAA and/or TAA (Table 1b). Among the 30 patients 
with CCE, 4 (13.3%) were on anticoagulant therapy and 
20 (65.7%) patients were on statin therapy. Blue toes 
were seen in 26 patients (86.7%), and of these, 24 patients 
received a skin biopsy; cholesterol clefts in the dermis 
were confirmed in 23 of these 24 patients (96%). In the 
remaining 7 patients who did not diagnose by skin biopsy, 
all of them had renal cholesterol embolisms. The mean Eo, 
Hb, and serum creatinine were 740 [487, 1041]/µL, 9.9 
[9.0, 10.9] g/dL, and 4.42 [3.23, 5.78] mg/dL, respectively. 
The dose of steroid was 0.3–0.5 mg/kg in all patients 
and the duration of steroid therapy was for 6.0 [3.0, 
19.3] months. Observational period was 11.0 [5.2, 43.4] 
months. Between the renal survival and renal death groups, 
there were significant differences in white blood cell 
(p = 0.01), hemoglobin (p = 0.007), serum creatinine levels 
(p = 0.009), phosphate (p = 0.049), and Eo (p = 0.007).

Changes in renal function (Fig. 1)

Figure 1 shows the trend of serum creatinine levels in the 
renal survival and renal death groups for 1 year after steroid 
therapy. Within 12 months, all patients in renal death group 
had maintenance renal replacement, and 3 of them showed 
improved transient renal function after starting steroid ther-
apy, regardless of their poor renal function status.

Renal death

ROC analysis and Kaplan–Meier curve (Fig. 2)

We analyzed the validity of Eo for renal death using the 
ROC curve analysis with Youden index. As a result, when 
the cut-off value of Eo was set at 810/µL, the sensitivity 
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Table 1   Baseline patient characteristics

All patients Renal survival Renal death p

n 30 23 7
Demographic
 Age (years) 77 [73, 80] 77 [73, 81] 75 [71, 79] 0.12
 Male (%) 29 (96.7) 22 (95.7) 7 (100) 1
 Smoking (%) 24 (80.0) 19 (82.6) 5 (71.4) 0.6

Comorbidity
 HT (%) 30 (100) 23 (100.0) 7 (100.0) 1
 Dyslipidemia (%) 21 (70.0) 16 (69.6) 5 (71.4) 1
 DM (%) 12 (40.0) 8 (34.8) 4 (57.1) 0.39
 IHD (%) 20 (66.7) 15 (65.2) 5 (71.4) 1
 PAD (%) 9 (30.0) 5 (21.7) 4 (57.1) 0.15
 Stroke (%) 7 (23.3) 6 (29.2) 1 (25.0) 1

Abdominal and/or thoracic aortic aneurysm (%) 20 (66.7) 15 (65.2) 5 (71.4) 1
Invasive procedure
 Invasive procedures of vessels (%) 19 (63.3) 15 (60.9) 5 (71.4) 0.68
 Idiopathic (%) 11 (36.7) 9 (37.5) 2 (25.0) 0.68

Period between procedure and diagnosis(day) 60 (45, 127) 55 (30. 90) 45 (30, 75) 0.5
Medications
 ACEi (%) 2 (6.7) 1 (4.2) 1 (12.5) 0.44
 ARB (%) 20 (66.7) 15 (62.5) 7 (87.5) 0.38
 ACEi or ARB (%) 22 (73.7) 16 (66.7) 8 (100) 0.08
 β or αβ blocker (%) 13 (43.3) 11 (45.8) 3 (37.5) 1
 Ca blocker (%) 18 (60.0) 15 (62.5) 4 (50.0) 0..68
 Aldosterone blocker (%) 5 (16.7) 3 (12.5) 2 (25.0) 0.58
 Diuretics (%) 12 (40.0) 7 (29.2) 6 (75.0) *0.038
 Statin (%) 20 (66.7) 17 (70.8) 5 (62.5) 0.68
 Anticoagulation therapy (%) 4 (13.3) 3 (12.5) 1 (12.5) 1
 Antiplatelate therapy (%) 22 (73.3) 17 ( 70.8) 7 ( 87.5) 0.642

Clinical findings
 Blue toe (%) 26 (86.7) 19 (79.2) 7 (87.5) 1
 CCE with blue toe at skin biopsy (%) 23/24 (95.8) 18/19 (94.7) 6/6 (100) 0.58
 Retina CCE (%) 6 (25.0) 5 (20.8) 3 (37.5) 0.63
 Renal CCE, n / kidney biopsy, n (%) 9/11 (81.8) 6/8 (75) 3/3 (100) 0.79
 Gastrointestinal tract 2 (6.7) 0 2 (28.6) 0.06

Laboratory data
 WBC (/µL) 8050 [5900, 9600] 7600 [5750, 8750] 11,800 [9350, 12350] *0.01
 Eosinophil count (/µL) 740 [487, 1041] 560 [433, 919] 1200 [938, 1750] *0.007
 Hb (g/dl) 9.9 [9.0, 10.9] 10.3 [9.8, 11.4] 8.7 [8.1, 9.4] *0.009
 Plt (× 104 /µL) 18.9 [13.4, 20.4] 19.2 [14.3, 20.5] 16.6 [12.9, 19.6] 0.42
 Alb (g/dL) 3.6 [3.2, 3.9] 3.6 [3.3, 3.9] 3.5 [3.3, 3.9] 0.9
 BUN (mg/dL) 62.3 [37.2, 70.0] 49.2 [36.0, 68.8] 65.7 [56.9, 101.3] 0.07
 Cr (mg/dL) 4.42 [3.23, 5.78] 3.75 [3.12, 5.22] 6.98 [5.39, 7.62] *0.008
 eGFR (ml/min/1.73m2) 11.4 [8.4, 15.3] 12.0 [9.4, 16.2] 6.7 [5.8, 8.5] *0.009
 Ca (mg/dL) 8.9 [8.6, 9.3] 8.7 [8.6, 9.4] 9.0 [8.8, 9.1] 0.84
 P (mg/dL) 4.2 [3.2, 4.9] 3.6 [3.2, 4.7] 5.4 [4.5, 5.7] *0.049
 Ca × P 37.1 [29.0, 44.2] 34.9 [27.3, 41.1] 45.9 [39.67, 52.4] 0.053
 CRP (mg/dL) 0.91 [0.31, 2.72] 0.69 [0.24, 2.85] 0.63 [1.18, 7.25] 0.07
 HbA1c (%) 5.70 [5.60, 6.00] 5.9 [5.6, 6.1] 5.7 [5.6, 5.7] 0.21
 TCHO (mg/dL) 1820 [156, 226] 180 [159, 214] 210 [153, 249] 0.7
 TG (mg/dL) 129 [96, 167] 131 [93, 165] 113 [99, 165] 0.88
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and specificity for predicting renal death were 100% 
and 69.6%, respectively (area under the curve: 0.839). 
Comparing the outcomes in patients with Eo < 810/µL 
and ≥ 810/µL and group using the log-rank test, CCE 
patients with Eo ≥ 810/µL had a greater risk of renal death 
(p = 0.0016, Fig. 2).

Relation to renal death between aortic aneurysm 
and eosinophilia (Fig. 3)

We analyzed whether there was any difference in renal death 
between the 4 groups, i.e., with/without aneurysm and/or 
eosinophilia (< 810/µL and 810/µL ≤), using the Fisher exact 

Table 1   (continued)

All patients Renal survival Renal death p

 HDL (mg/dL) 44 [40, 55] 46 [43, 58] 41 [32, 44] 0.12
 LDL (mg/dL) 99 [87, 128] 103 [85, 127] 92 [91, 122] 0.88
 LDL/HDL 2.21 [1.79, 3.01] 2.16 [1.76, 2.61] 2.94 [1.99, 3.64] 0.36
 U-TP (g/day) 0.32 [0.14, 0.95] 0.18 [0.07, 0.74] 0.35 [0.07, 0.47] 0.73

Treatment, period and results
 PSL/wight (mg/kg) 0.35 [0.30, 0.43] 0.33 [0.30, 0.40] 0.42 [0.34, 0.47] 0.14
 Period on PSL (month) 6.0 [3.0, 19.3] 9.0 [3.5, 23.0] 5.0 [3.0, 6.5] 0.17
 Observational period (month) 11.0 [5.2, 43.4] 15.3[4.3, 43.9] 7.1 [5.9, 10.3] 0.54
 Death (%) 13 (43) 8 (34.8) 5 (71.4) 0.19

Alb albumin, ACEi angiotensin converting enzyme inhibitor, ARB angiotensin II receptor blocker, BUN blood urine nitrogen, Ca calcium, CBC 
cell blood count, Cr creatinine, CRP C-reactive protein, DM diabetic mellitus, eGFR estimated glomerular filtration rate, Hb hemoglobin, 
HbA1c hemoglobin A1c, HDL high density lipoprotein, HT hypertension, IHD ischemic heart disease, LDL low density lipoprotein, P phos-
phate, PAD peripheral artery disease, PLT platelet, PSL prednisolone, TCHO total cholesterol, TG triglyceride, TP total protein, WBC white 
blood cell
*p value < 0.05
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Fig. 1   Changes in renal function in the renal survival group and renal death group for 12  months. Black triangle (▲) in renal death group 
showed the timing of starting dialysis
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test. Group 4 (with aneurysm and Eo ≥ 810/µL) showed sig-
nificant renal death than other groups (p < 0.05).

Correlation with eosinophil number and interval period 
from performance of invasive procedures to diagnosis

The interval period from the performance of invasive pro-
cedure to the diagnosis of CCE was not different between 
the renal survival and renal death groups (p = 0.50). The 
number of eosinophils did not correlate with the interval 

period between performance of the invasive procedures and 
the baseline (p = 0.73, r = − 0.08, n = 19).

Discussion

We hypothesized that CCE patients with eosinophilia have 
more severe kidney damage and bring a poor prognosis. 
Therefore, we investigated an association between eosino-
philia and renal prognosis. Our results showed that not only 
serum creatinine, but also eosinophilia was associated with 
renal death in patients with CCE.

Review of past literatures showed that end-stage renal 
disease (ESRD) in patients with atheroembolic renal dis-
ease is associated independently with long-standing hyper-
tension [8], pre-existing chronic renal impairment [6, 8], 
diabetes mellitus [6], and heart failure [6]. Statins have been 
shown to delay the onset of ESRD [6, 8]. Eosinophilia has 
been defined as an eosinophil count of > 500/μL in many 
instances, and the risk factors for renal death have been 
investigated in situations where the patients were not on ster-
oid therapy. The reported eosinophilia count might be biased 
in these situations. However, in our study, all the patients 
were prescribed steroid therapy, and the association between 
eosinophilia (> 810/µL) and renal prognosis was analyzed. 
As a result, we showed that eosinophilia was associated with 
the renal prognosis in patient with CCE.

Eosinophils are activated by the mediators, including 
interleukin IL-3, IL-5, and granulocyte–macrophage colony-
stimulating factor (GM-CSF), followed by an increase in the 
circulation for 18–24 h before migrating to the extravascular 
tissue. Then, the activated eosinophil infiltrate and damage 
tissues by the following mechanisms: (1) release of granule 
products (major basic protein, eosinophil cationic protein, 
eosinophil-derived neurotoxin, and eosinophil peroxidase) 
damage the epithelial tissue and induce the inflammatory 

Fig. 2   Kaplan–Meier curve. 
Comparisons between two 
different eosinophil groups 
(≥ and < 810/μL) were made 
by log-rank test. Eosino-
philia ≥ 810/µL significant 
group associated with renal 
death (p = 0.0016)

etar
htaedlaner

group

p=0.02

Ao(-), Eo(-) Ao(+), Eo(-) Ao(+), Eo(+)Ao(-), Eo(+)

Eo(+)Eo(-)

Fig. 3   Renal death according to aneurysm and eosinophilia 
(≥ 810  µL). We analyzed the ratio of renal death between the fol-
lowing four groups: group 1: no aneurysm and eosinophil count 
(Eo) < 810/µL, group 2: positive for aneurysm and Eo < 810/µL, 
group 3: no aneurysm and Eo ≥ 810/µL, group 4: positive for aneu-
rysm and Eo ≥ 810/µL. Group 4 showed significantly higher renal 
death rate compared to p < 0.05. A (−)—no aortic aneurysm, A 
(+)—positive aortic aneurysm, Eo (−)—eosinophil count < 810/µL, 
Eo( +)—eosinophil count ≥ 810µL
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cells: macrophage and lymphocytes, (2) release of plate-
let activating factor, cytokines, and chemokines [GM-CSF, 
transforming growth factor beta (TGF-B), etc.] trigger tissue 
remodeling and fibrosis [9]. Eosinophils show the highest 
inflammatory activity when GM-CSF is released. Makiya 
et  al. reported that the eosinophil count and the CD69 
expression correlated with the granule protein concentra-
tion [10]. Liapis et al. showed that activated eosinophils 
contributed to thrombotic microangiopathy (TMA) [11]. 
Thus, the eosinophil count might influence the severity of 
inflammation.

Although Nakayama et al. showed the efficacy of low 
dose steroids [12] and steroids with statins [13], we evalu-
ated why steroid therapy was not effective in patients with 
high eosinophilia, even though the counts decreased in all 
patients in our study. The eosinophil count might influence 
not only the severity, but also the volume of cholesterol 
embolism because the eosinophil count could be a reflec-
tion of the mechanism that induces the rejection of the cho-
lesterol crystal, as well as the parasite elimination causes 
nucleotide-binding domain and leucine-rich repeat-contain-
ing pyrin domain containing receptor 3 (NLRP3) inflam-
masome activation, IL-1β, and eosinophilia [14]. In fact, 
cholesterol crystals are formed in the early atherosclerotic 
process and activate the inflammasome NLRP3 leading to 
the secretion of caspase-1 activation and IL-1β [15], which 
influence the release of mast cells and eosinophils [16–18]. 
Thus, we hypothesize that an increase in the number of 
scraping cholesterol crystals may result in eosinophilia and 
non-reversible renal failure.

To avoid the worsening of renal failure, we must pay care-
ful attention to the eosinophil count in patients with arte-
riosclerosis, and especially chronic kidney disease (CKD) 
with aortic aneurysm and/or following endovascular proce-
dures. CKD patients are seen to have a high risk of athero-
sclerosis and cardiovascular events [19, 20], and the risk of 
renal death increased in these patients when they also had 
CCE (5, 7). Ishi et al. investigated the association between 
CKD stage and eosinophil count among cardiac patients. 
They concluded that the eosinophil count was positively 
associated with more advanced CKD stages among cardiac 
patients, some of which might be related to subclinical cho-
lesterol embolization [21]. Recently ruptured aortic plaques, 
which might cause atheromatous embolization, are thought 
to be not mainly iatrogenic, but spontaneous and continu-
ously ongoing. Komatsu et al. showed that spontaneous rup-
tured aortic plaques (SRAP) are present in about 86.4% of 
patients who were suspected to have stable angina with no 
aneurysms, using nonobstructive angioscopy (NOA) [22]. 
Therefore, in patients with aneurysms with increased num-
ber of thrombi, NOA might help to identify a greater number 
of SRAP. In our study, the CCE patients with eosinophilia 
and aneurysm had a worse renal prognosis compared with 

the other groups. Thus, we consistently need to investigate 
eosinophil count in patients not only after endovascular 
operations, but also in those with CKD and/or aneurysms.

Our study has some limitations. First, our study was 
a retrospective study, and the protocol of steroid therapy 
for each patient varied with regard to the dose or duration 
of corticosteroids. Therefore, the effect of steroid therapy 
on renal outcome could be biased. However, the dose and 
duration of steroid therapy were not significantly different 
between the renal survival and death groups. Second, we did 
not measure the markers that influenced eosinophil activity, 
such as IL-3, IL-5, and GM-CSF, and were unable to iden-
tify the association between eosinophilia and the extent of 
eosinophilic inflammation. Finally, our study comprised a 
small population group, and multivariate analysis could not 
be done for small number of patients. Thus, larger prospec-
tive studies, including a randomized controlled trial, will be 
needed to evaluate the efficacy of early steroid therapy on the 
renal outcome in CCE patients before the eosinophil count 
raises over 810/µL.

Conclusion

In conclusion, higher eosinophil counts might trigger renal 
death in patients with CCE. Therefore, the eosinophil count 
in patients with arteriosclerosis needs to be carefully moni-
tored, especially in CKD with aortic aneurysm and/or fol-
lowing endovascular operations.

Acknowledgements  The author is grateful to our clinical research 
teams. We would like to thank Editage (www.edita​ge.jp) for English 
language editing.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

http://www.editage.jp
http://creativecommons.org/licenses/by/4.0/


687Clinical and Experimental Nephrology (2020) 24:680–687	

1 3

References

	 1.	 Flory CM. Arterial occlusions produced by emboli from eroded 
aortic atheromatous plaques. Am J Pathol. 1945;21(3):549–65.

	 2.	 Fine MJ, Kapoor W, Falanga V. Cholesterol crystal emboliza-
tion: a review of 221 cases in the English literature. Angiology. 
1987;38(10):769–84.

	 3.	 Lye WC, Cheah JS, Sinniah R. Renal cholesterol embolic dis-
ease. Case report and review of the literature. Am J Nephrol. 
1993;13(6):489–93.

	 4.	 Thadhani RI, Camargo CA Jr, Xavier RJ, et al. Atheroembolic 
renal failure after invasive procedures. Natural history based on 52 
histologically proven cases. Medicine (Baltim). 1995;74(6):350–8.

	 5.	 Belenfant X, Meyrier A, Jacquot C. Supportive treatment 
improves survival in multivisceral cholesterol crystal embolism. 
Am J Kidney Dis. 1999;33(5):840–50.

	 6.	 Scolari F, Ravani P, Gaggi R, et al. The challenge of diagnosing 
atheroembolic renal disease: clinical features and prognostic fac-
tors. Circulation. 2007;116(3):298–304.

	 7.	 Scolari F, Ravani P. Atheroembolic renal disease. Lancet. 
2010;375(9726):1650–60.

	 8.	 Scolari F, Ravani P, Pola A, et al. Predictors of renal and patient 
outcomes in atheroembolic renal disease: a prospective study. J 
Am Soc Nephrol. 2003;14(6):1584–90.

	 9.	 Ackerman SJ, Bochner BS. Mechanisms of eosinophilia in the 
pathogenesis of hypereosinophilic disorders. Immunol Allergy 
Clin North Am. 2007;27(3):357–75.

	10.	 Makiya MA, Herrick JA, Khoury P, et al. Development of a sus-
pension array assay in multiplex for the simultaneous measure-
ment of serum levels of four eosinophil granule proteins. J Immu-
nol Methods. 2014;411:11–22.

	11.	 Liapis H, Ho AK, Brown D, et al. Thrombotic microangiopa-
thy associated with the hypereosinophilic syndrome. Kidney Int. 
2005;67(5):1806–11.

	12.	 Nakahama H, Sakaguchi K. Small dose oral corticosteroid treat-
ment rapidly improved renal function in a patient with an acute 
aggravation of chronic renal failure due to cholesterol embolism. 
Nephrol Dial Transplant. 2001;16(4):872–3.

	13.	 Nakayama M, Izumaru K, Nagata M, et al. The effect of low-dose 
corticosteroids on short- and long-term renal outcome in patients 
with cholesterol crystal embolism. Ren Fail. 2011;33(3):298–306.

	14.	 Zaiss MM, Maslowski KM, Mosconi I, et al. IL-1beta suppresses 
innate IL-25 and IL-33 production and maintains helminth chro-
nicity. PLoS Pathog. 2013;9(8):e1003531.

	15.	 Duewell P, Kono H, Rayner KJ, et al. NLRP3 inflammasomes are 
required for atherogenesis and activated by cholesterol crystals. 
Nature. 2010;464(7293):1357–61.

	16.	 Moulin D, Donze O, Talabot-Ayer D, et al. Interleukin (IL)-33 
induces the release of pro-inflammatory mediators by mast cells. 
Cytokine. 2007;40(3):216–25.

	17.	 Ritter M, Straubinger K, Schmidt S, et al. Functional relevance 
of NLRP3 inflammasome-mediated interleukin (IL)-1beta dur-
ing acute allergic airway inflammation. Clin Exp Immunol. 
2014;178(2):212–23.

	18.	 Menzel M, Akbarshahi H, Mahmutovic Persson I, et al. Caspase-1 
deficiency reduces eosinophilia and interleukin-33 in an asthma 
exacerbation model. ERJ Open Res. 2017;3(4):00047.

	19.	 Astor BC, Matsushita K, Gansevoort RT, et al. Lower estimated 
glomerular filtration rate and higher albuminuria are associ-
ated with mortality and end-stage renal disease. A collaborative 
meta-analysis of kidney disease population cohorts. Kidney Int. 
2011;79(12):1331–400.

	20.	 van der Velde M, Matsushita K, Coresh J, et al. Lower estimated 
glomerular filtration rate and higher albuminuria are associ-
ated with all-cause and cardiovascular mortality. A collabora-
tive meta-analysis of high-risk population cohorts. Kidney Int. 
2011;79(12):1341–52.

	21.	 Ishii R, Fujita S, Kizawa S, et al. Association between absolute 
blood eosinophil count and CKD stages among cardiac patients. 
Heart Vessels. 2016;31(2):198–205.

	22.	 Komatsu S, Yutani C, Ohara T, et al. Angioscopic evaluation 
of spontaneously ruptured aortic plaques. J Am Coll Cardiol. 
2018;71(25):2893–902.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Association between eosinophilia and renal prognosis in patients with pathologically proven cholesterol crystal embolism
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Participants
	Study patients
	Definition of CCE and renal death
	Measurements
	Study end points
	Secondary end points

	Statistical analysis

	Results
	Patient characteristics (Table 1)
	Changes in renal function (Fig. 1)
	Renal death
	ROC analysis and Kaplan–Meier curve (Fig. 2)
	Relation to renal death between aortic aneurysm and eosinophilia (Fig. 3)
	Correlation with eosinophil number and interval period from performance of invasive procedures to diagnosis


	Discussion
	Conclusion
	Acknowledgements 
	References




