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Cholesterol crystal embolism as 
complication of percutaneous 
coronary intervention
Abstract:  

Percutaneous Coronary Intervention (PCI) has become common treatment of 
coronary artery disease especially for acute coronary syndrome nowadays, while 
several complications cannot be completely prevented. Cholesterol Crystal 
Embolism (CCE) is one of the rare but serious complication of PCI, still occur 
even now that the PCI devices have been dramatically improved. CCE is a systemic 
disease caused by small atherosclerotic particles, often described as cholesterol 
crystals shower embolizing small vessels of each organs, leading to ischemic and 
inflammatory damage to single or multiple organs. This syndrome could occur 
spontaneously, while endovascular procedures, for example coronary angiography 
and PCI are the most affected iatrogenic causes. CCE as complication of PCI is 
recognized in cardiac interventionalists, while the data describing risk factors of 
CCE after PCI are scarce. This review will mainly discuss about the risk factors of 
CCE to consider how to reduce the risk of causing CCE, and whom to be aware 
of causing CCE in PCI performed patients.

Keywords: Cholesterol crystal embolism . Percutaneous coronary 
intervention . Complications . Inner sheath

Introduction
Cholesterol Crystal Embolism (CCE) is a syndrome occurred by embolization 
of cholesterol crystals thought to be released from atherosclerotic plaques of the 
aorta. This often causes end-organ damage and leads to several clinical presentation 
depending on the embolized organs. The syndrome is first described in 1862 by 
the Danish pathophysiologist Peter Ludvig Panum as autopsy findings [1], and 
blue toe syndrome was then described in 1976 as the specific manifestation 
of this syndrome [2]. Since then, several literatures have described the clinical 
findings of this syndrome, but cause of the disease are not always recognized. It can 
occur spontaneously or sometimes as a complication of vascular or endovascular 
maneuvers [3-5]. There has been significant variablity among studies discussing 
the incidence of CCE. This is since the patients eligible for the studies varies, while 
studies in autopsy series states frequency of CCE as 0.31%-2.4% [4,6], they were 
0.6%-1.4% in patients undergoing cardiac catheterization [7-9]. Other reasons 
could be due to the difficulty of diagnosing the syndrome. As is often the case, this 
syndrome has variety of clinical presentation upon the different vessel involved in 
shower embolism, and with nonspecific acute inflammatory response as the initial 
symptoms, such as fever, fatigue, weight loss, and anorexia [10-12].

CCE after PCI becomes evident when contents of atherosclerotic plaque are 
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showered from the aorta or other major arteries and micro 
embolism causes damage to embolized end organs. Clinical 
presentation varies by the organ which has been embolized. The 
onset of symptoms from the procedure and severality could also 
vary by each case, maybe by the amount of cholesterol crystals 
released from atherosclerotic plaques, and the vascular bed of 
the embolized organs. This makes the diagnosis of this syndrome 
difficult, but there are some diagnostic points. Skin and kidney 
are the most affected organs, and specific clinical manifestation 
and some nonspecific laboratory findings are expressed after some 
periods from procedures [1,13-16]. The definite diagnosis of the 
syndrome is made by histological features such as cholesterol clefts 
revealed by biopsy of affected organs, often is a skin or kidney 
[13,15,17,18]. Probable diagnosis can be made by combinations 
of specific signs in skin and laboratory findings. Livedo 
reticularis and blue toe syndrome are frequent cutaneous signs 
in early phase, which triggers suspicion of the syndrome [19,20]. 
Hypocomplementemia, renal impairment and eosinophilia after 
endovascular procedures are some of the laboratory findings of the 
syndrome. Renal impairment can also be caused by contrast, but 
it often occurs within 48-72 hours after procedures, while the one 
with CCE often occur after 1 to 2 weeks after the procedure [13,21]. 
Other difference between Contrast-Induced Nephropathy (CIN) 
and cholesterol crystal embolism is that there are other systemic 
peripheral manifestations with CCE while not with CIN, and 
urine is often bland with proteinuria with CCE, and these could 
help diagnosis. Other symptoms by other organ embolization, 
such as abdominal frank pain, diarrhea, gastrointestinal bleeding 
as result of involving gastrointestinal tract, hollenhorst plaque seen 
in retina can also be present after PCI with CCE.

Literature Review

Risk factors of CCE

There are not many literatures describing the risk factors of CCE 
associated with PCI. Risk factors of CCE could be distinguished 
to factors associated with aortic atherosclerosis, and factors for 
embolization. Generally considered risk factors of CCE in patient 
base are those with similar to that of risk factors for atherosclerosis 
[22-24]. The patients often are older ages, smokers, are obese, and 
have a medical history of hypertension, dyslipidemia, diabetes 
mellitus, cerebrovascular disease, chronic kidney disease. When 
these risk factors are present and process of atherosclerosis 
progresses, aortic wall especially the intima-media layer accelerate 
to store lipids. One study comparing high blood pressure and 
atherosclerosis of the thoracic arota showed that age (for age <75 per 
10-y increase, OR 3.44, 2.52-4.70), smoking history (OR: 2.00, 
1.32-3.03), and pulse pressure (per 10 mm Hg increase, OR: 1.31, 
1.07-1.60) independently associated with aortic atherosclerosis 

assessed by transesophageal echocardiography [25]. Furthermore, 
transesophageal echocardiography evaluated protruding plaques, 
especially ≥ 4 mm in thickness, ulceration, and or mobile thrombi 
are recognized as risk of CCE in several studies [26-29]. Chronic 
inflammation is also considered to associate with occurrence of 
CCE, from the fact that Fukumoto, et al. showed the relation with 
plasma C-reactive protein >1.0 mg/dl and CCE occurrence in 
patients after cardiac catheterization [19]. Use of anticoagulation 
has also been considered as a risk factor of CCE by causing plaque 
hemorrhage, while recent randomized study assessing patients 
with aortic plaque proven by transesophageal echocardiography 
showed anticoagulation had no relations with incidence of CCE, 
making the conclusion uncertain[19,30,31].

The other important risk factors of CCE are factors associated 
with embolization of the aortic plaques. This process could occur 
spontaneously, but often iatrogenic associated with vascular 
related procedures, such as catheter manipulations and surgeries 
[9,16,32]. With the recent rise in the number of cardiac catheter 
procedures and the widespread awareness of CCE, up to three 
times more iatrogenic causes than spontaneous causes have been 
reported [32]. Aortic aneurysms are known to be a source of CCE. 
Fukumoto, et al. reported that there were no significant differences 
in the prevalence of femoral approach usage rate between CCE 
and non-CCE patients, and concluded that the ascending thoracic 
aorta may be the main embolic source, not abdominal aorta, 
but it is controversial [19]. Actually, Carroccio, et al. reported in 
their propective study of following 660 patients with abdominal 
aortic aneurysm after aortic stent grafts implantation that 2.9% 
of patients were diagnosed as having CCE with the mean follow 
up of 15 months [33]. From the previous reports, it is obvious to 
consider that both abdominal and thoracic aorta atherosclerosis 
and/or aneurysm with intravascular procedures are a risk factor of 
causing CCE.

Association of PCI procedures and CCE

We all recognize that catheter procedures especially PCI that needs 
large size of catheter, and require long, dynamic manipulation is 
associated with occurrence of CCE, but the true incidence and 
risk factors of CCE after PCI is not well known. Tanaka, et al. 
collected national data from the Japanese Diagnosis Procedure 
Combination database, and showed the incidence of CCE after 
Coronary Angiography (CAG) and PCI to be 0.02% and 0.05 
with odds ratio of 3.2 with PCI in reference of CAG incidence 
[34]. They also showed the use of mechanical circulatory support, 
especially intra-aortic balloon pumping that consist with large size 
catheter was also associated with increase in risk of CCE. (Odds 
ratio of 9.80, 7.43-12.9 CAG with reference) [34]. PCI may have 
higher incidence of causing CCE as complication compared with 
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CAG, since its larger size of catheter used and use of mechanical 
circulatory support in the selected procedures.

Other important factor is the route of coronary intervention. Since 
abdominal aorta is often involved with atherosclerotic plaques, 
femoral approach may be the risk factor of CCE compared with 
other approach. Kooiman, et al. has showed significantly lower 
incidence of acute kidney injury after PCI procedures with trans-
radial intervention compared to trans femoral intervention, which 
some of the renal impairment are considered to be due to CCE 
[35]. Ando, et al. has also shown the similar results that trans-
radial approach had 3-fold less prevalent of acute kidney injury 
including CCE than transfemoral approach for patients performed 
PCI for acute coronary syndrome [36]. Although, there are some 
studies showing no significant difference in prevalence of CCE 
with femoral and non-femoral approach, and concluded that 
ascending aorta may be the main embolic source of CCE, so that 
femoral approach may be a risk but controversial. There were no 
study showing relations of equipment used in PCI and CCE.

Discussion

We aim to assess the risk factors of CCE in PCI performed patients 
in order to improve our understanding, so that we know when and 
how to prevent this complication. In our recently published paper, 
23,184 patients undergoing PCI in our institution were assessed 
and evaluated the incidence, risk factors, and prognosis of CCE 
occurred patients [37]. There were 88 patients (0.38%) whom 
diagnosed as CCE in 20 years, and the incidence of CCE seemed 
to decline through the investigated 20 years. We concluded that 
use of inner-sheath and radial approach which increased in later 
years may have associated with decrease in prevalence of CCE. As 
described previously, femoral approach could be one of the risk 
factors of CCE after PCI, and our study also showed femoral 
approach as a positive predictor of CCE. (70.5% vs. 44.8%, 
p<0.001) [37]. The report from Fukumoto, et al. stated femoral 
approach as not an independent risk factor for CCE, although the 
complications were seen in 1.59% of 1258 patients treated with a 
femoral approach and 0.95% of 528 patients treated with other 
approaches, suggesting that a femoral approach is associated with 
a not significantly but numerically higher incidence of CCE than 
other approaches and may had a significant difference with larger 
number of patients [19].

One important finding from our study was that the use of inner 
sheath (Outlook 5 Fr Straight; Terumo, Tokyo, Japan) was a 
negative predictor of CCE in our study population. (62.5% vs. 
77.3%, p<0.001) [37]. The inner sheath has inner and outer 
diameters of 0.92 and 1.68 mm with 115 cm in length and used 
in combination with a conventional guiding catheter to reduce 

the caliber difference between the guiding catheter and the guide 
wire (Figures 1 and 2). Differences in areas with guide wires 
were 1.92 mm2 for 6 Fr guiding catheters and 2.52 mm2 for 7 
Fr guiding catheters, while the difference in the use of an inner 
sheath was as small as 0.04 mm2 for both sizes of guiding catheters, 
and the decrease in caliber difference may have contributed in 
prevention of CCE by avoiding catheter to shave off aortic wall 
while delivering into coronary artery. This idea is also supported by 
previous report from Keeley, et al. that they prospectively analyzed 
1,000 PCI and showed 51% of overall cases had some degree of 
aortic debris scraped by the guiding catheter [38]. We believe this 
is an important fact that not only using radial for approach, we 
may have chance of preventing this disastrous complications by 
using one nice catheter as combination of guiding catheter.

Conclusion

Since the study was retrospective, and single center analysis, 
further discussion should be made for confirmation. CCE is a rare 
but harmful complication of PCI, still we experience nowadays. 
Patient characteristics for example older ages, smoking habit, 
history of dyslipidemia are important for us to be aware of causing 
the syndrome, while we may have chance of preventing them by 
using radial approach and inner sheath in combination of guiding 
catheter especially for high risk patients listed above.

Figure 1: Calibration difference of guide wire and guiding sheath without inner 
sheath.

Figure 2: Calibration difference of guide wire and guiding sheath with inner 
sheath.
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