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The development of atherosclerosis in saphenous vein grafts (SVGs) is one of the limiting factors in coronary
artery bypass surgery. Approximately one half of vein conduits are significantly diseased or occluded at 10 years. A
surgical revascularization strategy is often not pursued secondary to the incremental risks associated with a repeat
bypass procedure. For this reason, percutaneous treatment of SVG disease is often the first option for a majority of
patients. However, catheter-based treatment of SVG disease is associated with increased morbidity and mortality
compared with native coronary arterial percutaneous intervention. This is often the result of distal embolization of
atherothrombotic disease, leading to the phenomenon of “no-reflow.” Intraprocedural pharmacological therapy
has historically been the mainstay of treatment for these patients. However, more recently, the development of a
mechanical embolic protection device has shown to be beneficial for the prevention of these complications. This
article will review the types of embolic protection devices and the clinical studies that have proven their necessity
in percutaneous SVG intervention. (J Interven Cardiol 2005;18:481–484)

Introduction

In the mid-1990s, coronary artery stenting began to
emerge as a popular alternative for coronary revascu-
larization. The advent of drug-eluting stents in the past
few years has further expanded its utilization for pa-
tients with multivessel disease. Prior to the introduc-
tion of these modalities for revascularization, coronary
artery bypass was the primary means for the treatment
of symptomatic coronary artery disease. However, the
limiting factor in surgical revascularization is the de-
velopment of atherosclerosis in saphenous vein grafts
(SVGs). Approximately one half of SVGs have been
found to be diseased or occluded in serial angiographic
follow-up studies at 10 years.1,2 The Veterans Affairs
Cooperative Study demonstrated a 10-year patency rate
of 65.8% for SVGs.2 There are multiple etiologies for
the development of SVG disease. After the first year of
surgery, the most important contributor of SVG pathol-
ogy is atherosclerosis with underlying thrombosis. The
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accumulation of both inflammatory cells and throm-
botic material in diseased bypass conduits contribute
to the morbidity of SVG intervention. Atherothrom-
botic embolization is a known consequence with
percutaneous treatment of SVG disease. Distal em-
bolization can occur with wire manipulation, balloon
inflation, and/or stent deployment. Embolic debris in
the distal vascular bed can lead to the phenomenon
of “no-reflow.” This simply refers to the reduction of
antegrade flow in the bypass conduit. No-reflow can
result in acute hemodynamic embarrassment as well
as intraprocedural myocardial infarction. Studies have
demonstrated increased late mortality with creatine
kinase-MB elevations after SVG interventions.3 For
these reasons, a variety of technologies have emerged
to help minimize distal embolization in these higher
risk percutaneous interventions.

Distal Protection Devices

Over the past few years, a number of embolic protec-
tion devices have been developed and introduced into
clinical practice. Two basic concepts have emerged in
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embolic protection device technology. One is a flow-
occlusive balloon that was the first FDA-approved de-
vice for SVG intervention. The second is a distal filter
that does not occlude antegrade flow. Advantages of
a filtering device include continued myocardial per-
fusion throughout the interventional procedure. How-
ever, incomplete occlusion could potentially lead to
some embolized material reaching the distal vascular
bed. In contrast, balloon occlusive devices theoreti-
cally prevent the embolization of all particles. How-
ever, the cessation of regional myocardial perfusion
may result in hemodynamic instability. This may be
problematic in interventions complicated by long pro-
cedural times. Although a number of devices have
been released to date, the prototypical balloon occlu-
sive device (PercuSurge Guardwire; Medtronics Inc.,
Minneapolis, MN) and filter wire (EPI FilterWire EX;
Boston Scientific, Natick, MA) will be discussed.

PercuSurge Guardwire. The PercuSurge Guard-
wire embolic protection device consists of a 0.014-
inch wire attached to a compliant balloon. This device
is advanced across the lesion of interest and inflated
prior to initiating balloon angioplasty and/or stenting
of the culprit lesion. After each balloon inflation, an ex-
port catheter is utilized to collect atherosclerotic and/or
thrombotic material, which may have embolized. Early
studies demonstrated encouraging results with regard
to safety and efficacy of this device. Webb et al.4 re-
ported the composition and quantity of particulate de-
bris as a result of SVG intervention. As anticipated,
light microscopy revealed particulate material consist-
ing of lipid-rich macrophages, fibrin, and cholesterol
clefts. The clinical end point of Q wave myocardial in-
farction was significantly reduced compared to histor-
ical controls. It was apparent from these smaller anal-
yses that the PercuSurge Guardwire balloon occlusive
device was successful in retrieving atherothrombotic
material. A larger, randomized trial was necessary to
validate what was observed in these smaller pilot trials.
The Saphenous Vein Graft Angioplasty Free of Emboli
Randomized trial (SAFER) enrolled over 800 patients
to determine the efficacy of the guardwire device.5 It
was the first major, multicenter trial to address the issue
of distal protection in SVG intervention. The primary
end point was the 30-day composite of death, myocar-
dial infarction, emergency bypass, and target lesion
revascularization. The results clearly demonstrated the
value of distal embolic protection in preventing the
above complications. The reduction in the incidence of
no-reflow translated into improved clinical end points.

The benefits were apparent in all subsets and indepen-
dent of the utilization of glycoprotein IIb/IIIa receptor
antagonists. This trial was instrumental in providing
a strong scientific basis for the necessity of embolic
protection.

FilterWire EX. This prototypical filter-based em-
bolic protection device consists of a 0.014-inch
guidewire that possesses an oval-shaped filter mem-
brane. The FilterWire EX is delivered through a low
profile sheath and deployed 2–3 cm distal to the lesion
of interest. The guidewire to which the filter is attached
is subsequently utilized for angioplasty and/or stenting.
At the conclusion of the procedure, a second catheter
is advanced over the filter and the system is removed
as one unit (Figs. 1–3).

The Filter Wire during Transluminal Intervention
of Saphenous Vein Graft (FIRE) trial was a random-
ized, multicenter study comparing this filter-based de-
vice with the PercuSurge Guardwire system described
above.6 This trial showed similar clinical efficacies of
filter protection and balloon occlusion. Major adverse
cardiac events occurred in 9.9% of filter wire patients
and 11.6% of guardwire patients. This was statistically
significant (0.0008) for proving noninferiority of the
filter wire embolic protection device.

On the basis of the results of the FIRE trial, filter-
based embolic protection devices have become the

Figure 1. Saphenous vein graft demonstrating a 99% proximal
stenosis.
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Figure 2. PTCA with distal filter-based embolic protection device.

preferred modality for SVG intervention. However, de-
spite the FIRE trial data, there has been some concern
whether filter-based systems can provide complete pro-
tection. In the FIRE trial, the nominal pore size of the
FilterWire EX device was 110 µm. Since equivalent

Figure 3. Final angiographic result after retrieval of filter wire.

clinical efficacy was demonstrated in FIRE, it appears
that embolized material <110 µm is unimportant clin-
ically. However, Grube et al.7 reported that >80% of
the particles retrieved with the PercuSurge Angioguard
were <96 µm in diameter. This observation conflicts
with the notion that filter-based systems offer sufficient
embolic protection. A recent analysis by Rogers et al.8

compared microparticle size retrieved from SVG in-
tervention with both the Angioguard and a filter-based
device. The results demonstrated that the vascular fil-
ter device was capable of trapping particulate material
<100 µm, which was the average distal pore size. Ex-
planations included the possibility that the composite
of debris, platelets, and fibrin may reduce the functional
pore size of the filter. These microparticle analyses may
shed light on the results reported in the FIRE trial. In
addition, this data will be instrumental in the develop-
ment of an optimal embolic protection device for SVG
intervention.

Conclusion

Despite technological advances in coronary revas-
cularization, percutaneous treatment of SVG disease
is still considered a higher risk vascular intervention.
Its morbidity and mortality is mainly the result of
atherothrombotic embolization into the distal vascu-
lar bed. The subsequent development of no-reflow of-
ten times lead to intraprocedural myocardial infarction
and poor clinical outcomes. Prior to the advent of me-
chanical devices for this indication, pharmacological
therapy for no-reflow was the primary means to treat
these patients. The SAFER trial clearly established the
necessity for a mechanical embolic protection device
for SVG intervention. Its results proved how impor-
tant distal protection is for minimizing adverse out-
comes in SVG revascularization. More recently, filter-
based devices have gained popularity with the results
observed in the FIRE trial. Vascular filtering devices
may offer superiority compared with balloon occlu-
sion devices because of their ease of use and toler-
ance from a hemodynamic standpoint. Newer genera-
tion filter-based embolic protection devices have been
released and continue to be tested in clinical studies.
Microparticle studies attempt to elucidate the connec-
tion between retrieved particulate and the prevention of
embolic-related complications. Tremendous advance-
ments have clearly been made in the last few years
with SVG intervention. Although “the ideal” embolic

Vol. 18, No. 6, 2005 Journal of Interventional Cardiology 483



SHAIA AND HEUSER

protection device continues to debated, little debate ex-
ists over the necessity of embolic protection for SVG
intervention.

References

1. Bourassa MG, Campeau L, Lesperance J, et al. Changes in grafts
and coronary arteries after saphenous vein aortocoronary bypass
surgery: Results at repeat angiography. Circulation 1982;65:90–
97.

2. Goldman S, Zadina K, Moritz T, et al. Prospective ten-year
patency of saphenous vein and left internal mammary artery
grafts after coronary artery bypass surgery. J Am Coll Cardiol
2001;37(Suppl. A):1A–648A.

3. Hong MK, Mahran R, Dangas G, et al. Creatine kinase-
MB enzyme elevation following successful saphenous vein
graft intervention is associated with late mortality. Circulation
1999;100:2400–2405.

4. Webb J, Carerc R, Virmani R, et al. Retrieval and analysis of
particulate debris after saphenous vein graft intervention. J Am
Coll Cardiol 1999;34:468–475.

5. Baim DS, Wahr D, George B, et al. Randomized trial of a
distal embolic protection device during percutaneous interven-
tion of saphenous vein aorto-coronary bypass graft. Circulation
2002;105:1285–1290.

6. Stone GW, Rogers C, Hermiller J, et al. Randomized compari-
son of distal protection with a filter-based distal protection with a
filter-based catheter and a balloon occlusion and aspiration sys-
tem during percutaneous intervention of diseased saphenous vein
aorto-coronary bypass grafts. Circulation 2003;108:548–553.

7. Grube E, Schofer J, Webb J, et al. for the Saphenous Vein Graft
Angioplasty Free of Emboli (SAFE) Trial Study Group. Eval-
uation of a balloon occlusion and aspiration system for protec-
tion from distal embolization during stenting and saphenous vein
grafts. Am J Cardiol 2002;89:941–945.

8. Rogers R, Huynh R, Seifert P, et al. Embolic protection with
filtering or occlusion balloons during saphenous vein graft stent-
ing retrieves identical volumes and sizes of particulate debris.
Circulation 2004;109:1735–1740.

484 Journal of Interventional Cardiology Vol. 18, No. 6, 2005


