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Introduction

Systemic atheroembolism is characterized by em-
bolism of small cholesterol fragments, which lodge into 
small arterial ramifications of 100 to 200 µm diameter1. 
Its incidence is not well defined, ranging from 0.15 to 
3.4% in autopsy studies in general population and from 
25 to 77% in autopsy studies of patients previously sub-
mitted to angiographic or open arterial procedures2-4. 
Atheroembolism is associated with atheromatosis of the 
aorta and iliac arteries in 80% of the cases2. This pheno-
menon can occur as a result of spontaneous displacement 
of atheromatous material or, more commonly, following 
endovascular interventions, arterial operations, anticoa-
gulation and thrombolytic therapy5. The objectives of this 
report are: to describe the catastrophic clinical course of a 
patient with diagnosis of cholesterol crystal embolism that 
spread to the intestines, kidney and lower limbs following 
endovascular aneurysm repair (EVAR) and to discuss and 
review the therapeutic options for this type of challenging 
clinical event.

Case Report

A hypertensive, diabetic, former smoker 76-year-old 
male, with a single kidney (left nephrectomy for kidney can-
cer, 10 years before) and non-dialytic chronic renal failure 

(urea, Ur=57 mg/dL and creatinine, Cr=1.6 mg/dL), was ad-
mitted for abdominal aortic aneurysm (AAA) repair, whi-
ch had been ,incidentally identified in a routine ultrasound 
exam. Preoperative computed tomography angiography 
(CTA) of the abdominal aorta e pelvis confirmed the presen-
ce of a fusiform infrarenal abdominal aortic aneurysm with 
6.1x5.7 cm in its larger cross-sectional diameters, extensive 
mural thrombus and parietal calcification of the abdomi-
nal aorta and iliac arteries. Besides, the CTA analysis iden-
tified favorable anatomy for endovascular aneurysm repair 
(EVAR), the method selected by the medical team, conside-
ring that the patient was in his late 70s, with prior abdominal 
surgery and multiple associated medical conditions. The in-
dication for treatment was based on the aneurysm size, as the 
patient presented no symptoms at diagnosis. 

The surgical procedure was performed in a vascu-
lar interventional radiology unit, using general anes-
thesia, access through bilateral transverse inguinotomy, 
dissection and puncture of both common femoral ar-
teries, without performing arteriotomy. Intraoperative 
angiography showed a considerable increase in the ab-
dominal aorta caliber and moderate-to-severe parietal 
irregularities, well spread along all abdominal aorta 
and iliac arteries (Figures 1 and 2), compatible with di-
ffuse atherosclerotic disease, without any other unusual 
finding. Then, a Zenithâ (Cook) modular bifurcation 
endoprosthesis, with main body of 30 mm proximal 
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diameter (TFFB – 30-82) and contralateral length of 20 
mm diameter (TFLE – 20-56) was implanted. The se-
lection of a graft with suprarenal fixation was based on 
the presence of mural thrombus, which involved about 
40% of the proximal neck. The graft dimensions were 
defined through CTA imaging analysis – the exam had 
been performed less than 30 days before the admission 
-, with overlaying of 10% of its diameters at the ancho-
ring sites in the aorta and common iliac arteries, as the 
medical team intended to preserve both hypogastric 
arteries. A total volume of 90 mL of non-ionic isosmo-
lar iodinated contrast media was administered with a 
injector pump. The surgical procedure was performed 
without any complications, with estimated anesthe-
tic duration of 60 minutes and surgery duration of 70 
minutes. The patient presented diuresis of 250 mL in 
2 hours. The lower limbs had symmetrical pulses and 
good perfusion. The endotracheal tube was removed in 
the operating was room at the end of the procedure. He 
remained in the Intensive Care Unit (ICU) for less than 
24 hours. After that, he was transferred to the ward 
and started on an oral diet on the 1st postoperative day 
(POD). On the 3rd POD, when hospital discharge was 
planned, the patient spiked a fever, without any changes 
in his general status. The medical team opted for in-
-hospital observation for an additional day.  

Within the next 24 hours,, the patient presented in-
termittent high fever. His laboratory exams showed in-
creased leukocyte count (differential leukocyte count: 
21,300 cells/mm3, with 81% neutrophils, 7% lymphocytes, 
8% monocytes and 4% eosinophils), no changes in pla-
telet count, sedimentation rate 152 mm/h, C-reactive 
protein: 11 mg/dL. Serum levels of Ur increased to 68 
mg/dL and Cr to 2.1 mg/dL. The clinical picture of fever 
with leukocytosis led to the diagnosis of infection – unk-
nown primary site – or systemic inflammatory response 
syndrome, following the endoprosthesis implantation. 
Blood and urine cultures were collected and empirical 
antimicrobial therapy started, with intravenous ampi-
cillin associated with sulbactam, at the dose of 9 g daily, 
based on the Cr clearance. 

After two days of antimicrobial therapy, the patient 
remained with fever, reduced urinary output and gra-
dual increase of serum levels of Ur (72 mg/dL) and Cr 
(2.8  mg/dL), as well as respiratory discomfort, hypoten-
sion and abdominal distension with signs of peritoneal 
irritation and melena. Septic shock secondary to ischemic 

colitis and peritonitis became the main suspected diagno-
sis. suspicions in terms of etiology of the clinical status. 
Rectosigmoid endoscopy showed two ulcerated lesions at 
the sigmoid – one of them with a central orifice, suggesting 
perforation. He was immediately taken to the operation 
room, with intraoperative confirmation of transmural sig-
moid perforation. Rectosigmoidectomy was performed, 
further reinforcing the diagnostic hypothesis of septic 
shock secondary to ischemic colitis and peritonitis.

Despite intestinal resection and all supportive mea-
sures adopted in the ICU, the patient, got progressively 
worse, with daily fever, continuous increase in leukocyte 
count, metabolic acidosis, renal failure with oliguria re-
quiring hemodialysis, ventilatory and introduction of va-
sopressor drugs (VPDs) as a result of refractory hypoten-
sion to volemic replacement. On the 8th hospitalization 
day, the patient presented sudden cyanosis in the toes of 
both feet (Figure 3), which was initially attributed to the 
septic shock and use of high doses of VPDs. Despite all 
signs and strong suspicion of septic shock secondary to 
ischemic colitis and peritonitis, the anatomopathologi-
cal report of the surgical specimen surprised everyone, 
with the findings of small intestinal dilated submuco-
sal arterial branches occluded and with neutrophils and 
cholesterol crystals, defining the diagnosis of cholesterol 
crystal embolism as the etiology of all systemic clinical 
presentations described above.

•	 Question	1:	What	are	the	differential	diagnoses	for	cho-
lesterol crystal embolism?

•	 Question	2:	What	therapeutic	measures	should	be	used	
in a rare clinical entity with relevant morbimortality 
and no standard treatment, such as atheroembolism?

•	 Question	 3:	 Is	 it	 possible	 to	 use	 PGE1	 in	 these	
situations?

Treatment

There is no consensus on the treatment of patients 
with systemic cholesterol microembolism. After the 
anatomopathological diagnosis of cholesterol crystal 
embolism, the therapeutic decisions were based on the 
experience of each specialist involved in the case. 
The initial therapeutic scheme included the association 
of corticosteroids, statin, cilostazol and low molecu-
lar weight heparin at therapeutic dose. However, the 
patient showed no sign of clinical and/or laboratorial 



Synthetic prostaglandin in the treatment of systemic cholesterol crystal embolism - Borges MV et al. J Vasc Bras 2012, Vol. 11, Nº 1 79

improvement after the introduction of these drugs. 
Instead, progressive worsening was observed under this 
scheme. With the evident ineffectiveness of the treat-
ment and after extensive review of the medical litera-
ture, the team decided to interrupt the use of corticos-
teroids, cilostazol and enoxaparin; only statin was kept. 
In addition, isosorbide mononitrate (venous infusion 
of 40 mg each 8 hours) was introduced, associated with 
synthetic	prostaglandin	E1	or	PGE1	(venous	infusion	of	
20 µcg on the 3 first days, followed by venous infusion 
of 40 µcg, twice a day, for 4 weeks). 

About 48 hours after the therapeutic changes descri-
bed above, the first sign of clinical improvement was the 
fever decline. After that, slow regression of cyanosis in 
the toes was observed, until its complete resolution in 2 
weeks,	without	loss	of	tissue	integrity.	Gradually,	the	pa-
tient was weaned off of vasopressor drugs, lung function 
improved and he was taken off of the mechanical ventila-
tion. After 43 days, in which 13 sessions of hemodialysis 
were performed, kidney function was fully restored, with 
spontaneous diuresis and serum Ur and Cr returned to 
preoperative levels. About 120 days after EVAR, the pa-
tient was discharged from the hospital.

Discussion

The classic presentation of cholesterol crystal embo-
lism (CCE) is marked by cool, painful and cyanotic toes 
in the presence of palpable distal pulses, referred to as 

Figure 1. Abdominal aortography showing the presence of only one 
kidney to the right, as well as multiple parietal irregularities, compatible 
with diffuse atherosclerosis in this region.

Figure 2. Pelvic arteriography showing aneurysmatic dilation of distal 
abdominal aorta, as well as diffuse parietal irregularities in iliac arteries, 
similar to the findings in Figure 1. 

Figure 3. Cyanosis is observed in the distal segment of all toes, without 
alteration to forefoot perfusion. This clinical sign suggests occlusion of 
small digital arterial ramifications, without involvement of large-caliber 
arteries.
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blue toe syndrome. This phenomenon is observed pre-
dominantly in white males over 60 years of age and with 
history of arterial hypertension, smoking, cardiovascular 
disease and renal failure6-8. However, in cases of disse-
minated CCE, the signs and symptoms are nonspecific, 
presenting subacute course (progression in 4 to 6 weeks) 
in most cases, suggesting the presence of a systemic di-
sease, which makes its diagnosis more difficult. In the 
differential diagnoses, systemic conditions should be 
considered, such as low-output heart failure and septic 
shock, as well as connective tissue diseases, hypercoa-
gulable states, intravascular coagulopathy, endocarditis 
or septic arthritis. However, when typical clinical pre-
sentations appear after endovascular procedures, arterial 
surgery, anticoagulation or use of thrombolytic drugs, 
the possibility of cholesterol crystal embolism should be 
taken into account.

Despite the unfavorable course and high mortali-
ty rates associated with progressive uremia, recovery 
from renal failure has been reported9,10 in similar cases 
to the one described in this report. Ischemic colitis has 
also been described as one of the intestinal complica-
tions after EVAR surgery, with incidence of around 2 
to 5% of the cases11. Devascularization of the left colon 
is the most frequent cause of this complication, while 
atheroembolism is a very uncommon cause. Bonamigo 
et al.11 describe the occurrence of ischemic colitis in 12 
patients (2% of the series). Two deaths occurred in this 
group, with atheroembolism being the cause of one of 
these deaths. Regarding the treatment of systemic athe-
roembolism, we can say that there are no consensuses 
or guidelines on standardized clinical practices to be 
adopted, only scarce results reported. It is known that 
the main objectives in the atheroembolism treatment 
are the identification, suppression or excision of the 
atheroma plate that causes microembolism, local care 
of trophic lesions to reduce the chances of amputation, 
pain control, control of arterial pressure and of the 
systemic complications of atheroembolism, especially 
renal failure. 

Several classes of drugs have been used in the tre-
atment of atheroembolism, but with divergent results. 
These drugs include corticosteroids, anticoagulants, 
vasodilators, angiotensin-converting enzyme inhibi-
tors, alpha-adrenergic antagonists and synthetic prosta-
glandin inhibitors12-14. Based on the information from a 
literature review, we decided to change the therapeutic 

strategy, soon after the diagnosis of atheroembolism 
and failure of the initial treatment. Such information 
included: 
•	 despite	 the	 description	 of	 corticosteroid	 use	 in	 pa-

tients with atheroembolism and progressive kidney 
failure, no consistent data were found on recovery of 
the kidney function with the use of this drug, in these 
circumstances15. In fact, some studies suggest higher 
incidence of morbidity, such as infectious, metabolic/
nutritional complications and difficult lesion healing, 
as well as higher mortality rates with the use of high 
doses of corticosteroids2,15; 

•	 the	role	of	anticoagulation	in	the	treatment	of	athe-
roembolism is also controversial. First, it should be 
noted that anticoagulants and thrombolytic drugs 
are described as factors that cause cholesterol mi-
croembolism. In addition, many authors have do-
cumented worsened clinical status after the intro-
duction of heparin, as well as the absence of good 
results with the use of antiplatelet drugs in cases with 
atheroembolism8,16-18; 

•	 the	 use	 of	 vasodilators,	 especially	 calcium	 channel	
blockers, relieves the ischemic pain of lower lim-
bs secondary to vasospasm. However, the use of 
angiotensin-converting enzyme inhibitors should 
be avoided due to their negative effects on kidney 
function19; 

•	 the	use	of	high	doses	of	statins	is	defended	by	several	
authors, as they stabilize the cholesterol-rich atheroma 
plates, causing improved kidney function and ischemia 
of lower limbs, due to their anti-inflammatory and im-
munomodulator properties20; 

•	 prostaglandin	E1 (PGE1) is a substance of high bio-
logical activity and different properties, such as: va-
sodilating action, inhibition of platelet aggregation, 
fibrinolysis activation, modulation of cell prolife-
ration, fibrinogenesis and hemorheological activi-
ty13. Its use has shown to be effective in the treat-
ment of peripheral occlusive arterial disease21 and 
in cases of pulmonary hypertension and Raynaud’s 
phenomenon21,22. 

Positive	 effects	 of	 both	 PGE123 and prostacyclin24,25 
on kidney function have been reported. The vasodilating 
action	of	synthetic	prostaglandins	on	afferent	and	efferent	
kidney arterioles, with significant increase in renal plas-
ma  flow,	 without	 affecting	 glomerular	 filtration	 rate	 and	
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plasma renin activity, as well as other described properties, 
seem	to	explain	its	effectiveness	in	the	treatment	of	kidney	
failure secondary to atheroembolism24. 

Conclusions

Although atheroembolism affects only 0.03% of 
hospitalized patients4, this is a clinical entity of difficult 
diagnosis, with severe clinical complications and morta-
lity rates ranging from 64 to 81%2. Besides the unfavora-
ble results, there is no specific or standard treatment for 
atheroembolism.	PGE1,	when	used	in	peripheral	vascu-
lar diseases, is more commonly indicated for the treat-
ment of patients with POAD. Insufficient data are availa-
ble about its use in cases of systemic atheroembolism and 
progressive kidney failure. However, the authors tried 
this drug after an ineffective course of therapy with cor-
ticosteroids, statin and anticoagulants, which are more 
frequently used in these situations. After the introduc-
tion	of	PGE1,	 the	patient	presented	a	 slow,	but	 evident	
clinical improved, with recovery of kidney function to 
preoperative levels and restored organic functions. We 
cannot	conclude	that	PGE1	was	the	only	substance	that	
caused the patient’s complete recovery. However, despite 
the limitations and observational characteristics of this 
report,	we	believe	 that	 the	use	of	PGE1 can be justified 
in situations like the one described in this study, and that 
this therapy can be a reasonable choice for further stu-
dies on the treatment of atheroembolism.

References

1. Fuster V, Badimon L, Badimon JJ, et al. The pathogenesis of corona-
ry artery disease and the acute coronary syndromes. N Engl J Med. 
1992;326:310.

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

3. Moolenaar W, Lamers C. Cholesterol crystal embolization in The 
Netherlands: A review of 842 cases filed in the Dutch National 
Pathology Information System from 1973 to1994. Arch Intern 
Med. 1996;156:653-7.

4. Mayo RR, Swartz RD. Redefining the incidence of clinically detec-
table atheroembolism. Am J Med. 1996;100:524-9.

5. Reis PEO. Blue toe syndrome. J Vasc Br. 2005;4(4):391-3.

6. Bojar RM, Payne DD, Murphy RE, et al. Surgical treatment of sys-
temic atheroembolism from the thoracic aorta. Ann Thorac Surg. 
1996;61:1389-93.

7. Branowitz JB, Edwards WS. The management of atheroma-
tous emboli to the lower extremities. Surg Gynecol Obstet. 
1976;143:941-5.

8. Bruns FJ, Segel DP, Adler S. Control of cholesterol embolization 
by discontinuation of anticoagulant therapy. Am J Med Sci. 
1978;275:105-8.

9. Smith MC, Ghose MK, Henry AR. The clinical spectrum of renal 
cholesterol embolization. Am J Med. 1981;71:174-80.

10. McGowen JA, Greenberg A. Cholesterol atheroembolic renal dise-
ase. Am J Nephrol. 1986;6:135-9. 

11. Faccini FP, Bonamigo TP, Becker M. Avaliação da mortalidade ci-
rúrgica em aneurismas infra-renais da aorta abdominal. J Vasc Br. 
2002;1(1):15-21.

12. Karetova D, Bultas J, Vondracek V, et al. Alprostadil: modes 
of action in peripheral arterial occlusive disease. Am J Ther. 
1997;4:359-63.

13. Jr MD, Fagundes DJ, Amado LEB, et al. Efeitos da prostaglandi-
na E1(PGE1) na gênese de capilares sanguíneos em músculo es-
quelético isquêmico de ratos: estudo histológico. J Vasc Bras. 
2007;6(4):316-24.

14. Soares CJG, Cruz BA. Severe digital ischemia due to systemic scle-
rosis successfully treated with bosentan: case report. J Vasc Bras. 
2007;6(3):276-9.

15. Belefant X, Meyrier A, Jacquot C. Supportive Treatment improves 
survival in multivisceral cholesterol crystal embolism. Am J Kidney 
Dis. 1999;33:840-50.

16. Dahlberg PJ, Frecentese DF, Coghill TH. Cholesterol embo-
lism: experience with 22 histologically proven cases. Surgery. 
1989;105:737-46.

17. Rosman HS, Davis TP, Reddy D, et al. Cholesterol embolization: cli-
nical findings and implications. J Am Coll Cardiol. 1990;15:1296-9.

18. Hyman BT, Landas SK, Ashman RF, et al. Warfarin-related purple 
toes syndrome and cholesterol microembolization. Am J Med. 
1987;82:1233-7.

19. Kirkland L. Cholesterol embolism in intensive care patients. J 
Intensive Care Med. 1993;7(3):12-21.

20. Blanco-Colio LM, Tunon J, Martin-Ventura JL, et al. 
Antiinflammatory and immunomodulatory effects of statins. 
Kidney Int. 2003;1:12-23.

21. Heidrich H, Dimroth H, Gutmann M, et al. Long-term intravenous 
infusion of PGE1 in Peripheral Arterial Blood Flow Disorders. Results 
of an Open Screening Study with Patients in Fotaine’s Stages III 
and IV. In: Sinzinger H, Roggati W. Prostglandin E1 in Atheroclerosis. 
Springer Verlag, Berlin. 1986;92-8.

22. Mehrabi MR, Serbecic N, Tamaddon F, et al. Clinical and 
Experimental evidence of prostaglandin E1-Induced angiogene-
sis in the myocardium of patients with ischemic heart disease. 
Cardiovasc Res. 2002;56:214-24.

23. Kazuy M. Renal failure associated with blue toe syndrome: effec-
tive treatment with intravenous prostaglandin E-1. Acta Derm 
Venerol. 2006;86:364-5.



Synthetic prostaglandin in the treatment of systemic cholesterol crystal embolism - Borges MV et al.J Vasc Bras 2012, Vol. 11, Nº 182

24. Neumayer HH, Wagner K, Preuschof L, et al. Amerioloration of 
postischemic acute renal failure by prostacyclin analogue (ilo-
prost): long-term studies with chronically instrumented conscious 
dogs. J Cardiovasc Pharmacol. 1986;8(4):785-90. 

25. Elinav E, Chajek-Shaul T, Stern M. Improvement in cholesterol 
emboli syndrome after iloprost therapy. BMJ. 2002;324(7332): 
268-9. 

Correspondence  
Marcus Vinicius Borges  

Centro Médico Garibaldi 
Avenida Anita Garibaldi, 1.555, sala 803 – Ondina 

CEP 40177-900 – Salvador (BA), Brazil  
E-mail: mborges.cirurgiavascular@uol.com.br

Authors’ contributions 
Study conception and design: MVB 

Data analysis and interpretation: MVB, AG 
Data collection: MVB, AG, PSAP, SCA 

Writing: MVB, AG, PSAP 
Critical analysis: MVB, ANC, SCA 

Final approval*: MVB, AG, ANC, SCA, PSAP 
Statistical analysis: N/A 

Overall responsibility: MVB 
Funding information: MVB 

*All authors have read and approved the final version submitted to J Vasc Bras. 


