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Introduction
• Limb salvage during endovascular interventions depends
on maintaining runoff vessels to the foot.
• Several factors can contribute to distal embolization and its
clinical significance, including patient and lesion
characteristics, revasc technique, and specific device used.
• As the number of endovascular procedures increase, one
can expect an increase in procedure related complications.
• It is important to understand the causes, prevention, and
treatment of distal embolization to improve outcomes.

Incidence
• There is wide variation in the reported incidence of distal
embolization. This is due to differences in how embolization
is defined and measured and the clinical result.
• The first reported concern was with the use of angiojet when
rates were reported as high as 19% for acute arterial
occlusion (Kasirajan et al JVIR 2001) .
• Subsequent Trellis reports found the embolization rates to be
11.5% for acute arterial interventions (Sarac & Zarins JVS
2004).

Incidence
• Distal embolization rates as high as 70-100% have been
reported in studies that measure debris caught by filters or
detected by TCD for carotid interventions.
• Several studies found embolization detected by
angiograms for lower extremities occur as high as 22%.
• However, the rates of clinically significant distal
embolization, defined as embolization events that require
treatment, is much lower.
• Clinically significant distal embolization rates range from
1-3% have been reported in recent studies.

Large Cohort Incidence
Chaar and Sarac J Vasc Surg 2017;66:143-50
- All LEIs between 2010 and 2014 in the VSGNE database
were reviewed.
- 10,875 procedures were reported, and the incidence of DE
was 17.3 per 1000 procedures (1.7%)
- 68% of these required treatment
• 57% endovascular, 11% open surgery

Embolization Rates/Time
Chaar and Sarac J Vasc Surg 2017;66:143-50
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Characteristics of Embolization
Chaar and Sarac J Vasc Surg 2017;66:143-50

• Distal embolization was more common in patients
- treated for critical limb ischemia compared with
claudication RR 2.06; p=.006.
- emergency interventions compared with elective (RR 2.98;
p=.017).
- increased with the # of arteries treated (P < .0001) and with
the length of occlusion (P < .0001).
- Atherectomy had the highest risk of embolization • RR 1.36 compared to all other procedures.

What Increases the Risk of Embolization?
• Patient Characteristics
• Procedure and Lesion Characteristics
• Preventative Measures

Specific Patient Characteristics
• Gender - Davies et al (Ann Vasc Surg 2010) found that women
and smokers had a higher incidence of distal embolization.
• Tobacco - Shammas et al (JVIR 2011) found that patients who
smoked and had embolization had a higher risk of amputation
(21.4% vs. 5.9%, p = 0.05).
• CLI- patients with CLI compared to claudicants were found to
experience distal embolization more frequently (RR 2.06,p =
0.006). (Charr -JVS 2017-VSGNE database).
• Age - increasing age appeared to be protective from distal
embolization (RR 0.97P < 0.001). (Charr-JVS 2017-VSGNE).

Specific Procedure and Lesion Characteristics
• Thrombus – Shammas et al (JVIR 2011) found that lesions
with thrombus are 5.9 times more likely to embolize than
those with non-thrombotic lesions.
• Restenotic lesions - when compared to de novo lesions,
have also been found to be at higher risk of distal
embolization (OR 15; P < 0.003).
• Chronic Total Occlusions - also reported higher rates of
distal embolization in patients with chronic total occlusions
Shrikhande (JVS 2008) .

Procedure and Lesion Characteristics

• Disease Extent –
• Multiple studies report higher rates of distal embolization
when treating TASC C and D lesions compared to TASC
A and B lesions.
- Shrikhande reported the rate of distal embolization in
TASC C and D lesions was 2.2% compared to just
0.9% in TASC A and B lesions (JVS 2011).

Procedure and Lesions Characteristics
•

Atherectomy –
- Krishnan (JACC 2017) found long atherosclerotic lesions >140mm,
calcific lesions > 40mm, thrombotic lesions, chronic total occlusion, and
in-stent restenosis were all strongly associated with macro-emboli.
- Muller et al (Card Int Rad 2010) reported 30 lower extremity procedures.
• All of the filters were found to have debris under microscope
examination, and 90% were deemed “clinically significant” because
they were visible by the naked eye.

Procedure and Lesion Characteristics
• Location of Lesion –
- Femoral Popliteal Lesions –
• Rates are highest at (4%)
• Involve multiple segments
• Tend to be long and ulcerated
- Aorto-iliac lesions • distal embolization rates range
from 0.6-1.0%.
- Tibial Lesions –
• embolization rates up to 2.4%.

Prevention
• Antiplatelets –
- Most patients undergoing lower extremity endovascular
procedures are already on aspirin and/or a P2Y12
antagonist, as well as a statin.
- Studies have also suggested the benefit of using
glycoprotein IIb/IIIa inhibitors with balloon
angioplasty, but these trials were in patients undergoing
percutaneous coronary intervention.
- Statins -– in a multivariable regression analysis, only
statin use was associated with a borderline decrease in
distal embolization incidence (RR, 0.68) Charr and
Sarac

Prevention
• Patient Selection - take into account open surgical options.
• Hybrid Surgery - Options with flushing
• Embolic Protection Devices (EPDs)
- Embolic protection devices were designed for use in
carotid artery stenting but often are used in lower
extremity procedures as well.
- There are two main types of EPDs:
• Balloon occlusive devices and filter devices.
• Filter devices are the more commonly used EPD.
• Flow reversal ????

Prevention
• There are many different filters. There is one
commercially available occlusion balloon. However,
POBA or over the wire Fogarty catheter are options.
• They both are unable to prevent late embolization,
embolization to side branches, and thrombus formation
beyond the device.
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Conclusions
• The incidence of DE during LEIs is as high as 20%, but…
• Clinically significant embolization occurs in 1-2% of
patients
• The incidence increases in patients with
-

Critical limb ischemia
Atherectomy
Long lesions
Calcified lesions
CTO
Restenosis
Thrombus

• EPDs such as filters and balloons can reduce the risks
• Prevention is important with patient selection.

