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Atherosclerotic Peripheral Vascular Disease Symposium II
Lower-Extremity Revascularization: State of the Art

Bruce H. Gray, DO, Chair; Michael S. Conte, MD; Michael D. Dake, MD;
Michael R. Jaff, DO, FAHA; Krishna Kandarpa, MD; Stephen R. Ramee, MD, FAHA;

John Rundback, MD, FAHA; Ronald Waksman, MD; for Writing Group 7

Percutaneous intervention for peripheral artery disease has
evolved from balloon angioplasty for simple focal lesions

to multimodality techniques that enable treatment of severe
arterial insufficiency. This technological expansion comes
without a standard approach or algorithm, which makes the
decision-making process more subjective than objective.
Nevertheless, clinical tools are available that can have a
favorable effect on patient care, and these promote usage. So,
when are standard endovascular techniques (such as balloon
and stents) good enough, and when are the latest advances
(eg, atherectomy, drug-eluting stents) more appropriate?

This section will address these questions for acute limb
ischemia (ALI) and chronic critical limb ischemia (CLI). It
will also delineate the problem of restenosis, particularly of
the superficial femoral artery (SFA), and describe treatment
alternatives. The discussion will review the role of drug-
eluting stents, atherectomy devices, reentry catheters, and
brachytherapy, as well as their potential complications and
appropriate remedies. Treatment algorithms for aortoiliac
and infrainguinal disease are provided in Figures 1 through 3.

Acute Limb Ischemia
ALI, defined as any sudden decrease or worsening in limb
perfusion, is a threat to the limb of the young and to the life
and limb of the elderly.1 The severity of ALI and its probable
cause should be determined emergently, because the time to
diagnosis and initiation of treatment is inversely related to
successful outcome. The amount of muscle mass jeopardized
and the severity of ischemia are a function of the location and
extent of the occlusion and the presence of collaterals around
the acute obstruction.

Clinical categories of ALI, originally proposed and later
modified by the Society for Vascular Surgery/International
Society of Cardiovascular Surgeons, are useful for decision-
making purposes (Figure 1).2 On diagnosis, anticoagulation
(to prevent thrombus propagation and/or embolization) and
analgesia should be initiated, and any underlying medical
comorbidities (eg, congestive heart failure) should be man-
aged aggressively to stabilize the patient. The method used
for direct revascularization must be tailored to the patient and
to the skills (operative or endovascular) that are immediately
available.

The options for prompt revascularization consist of (1)
percutaneous catheter-directed thrombolytic therapy (CDTT),
(2) percutaneous mechanical thrombus extraction with or
without thrombolytic therapy, and (3) surgical thrombectomy
or bypass. These treatments are complementary, each with
advantages and limitations. In choosing a treatment, consid-
eration should be given to location of the occlusion, type of
occlusion (thrombus or embolus), duration of ischemia,
patient-related risks, type of conduit (artery or graft), and
therapy-related risks and outcomes.

Percutaneous CDTT
CDTT has evolved as the standard percutaneous approach for
ALI because systemic infusions of thrombolytic agents were
shown to have less safety and efficacy. Patients with limb-
threatening ischemia (category I or II) and intact neurological
function of the limb should undergo complete diagnostic
imaging to assess the inflow and outflow of the arterial
system. The ability of the operator to cross the occlusion with
a guidewire (guidewire traversal test) determines the likeli-
hood of success for CDTT. The results of the Surgery versus
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Thrombolysis for Ischemia of the Lower Extremity (STILE)
Trial, which randomized patients with up to 6 months of
ischemia, were significantly affected by the fact that 28% of
the occlusions could not be crossed with a guidewire, which
raised concerns about uniform operator skills. The study
concluded that occlusions of �14 days’ duration that could
be crossed with a guidewire would undergo successful
CDTT.3

On successful traversal, a multiside-hole catheter is placed
that covers the entire length of the occlusion for delivery of
the thrombolytic agent. A small bolus dose of the agent given
through the catheter is helpful to initiate therapy. A power
pulse-spray technique uses repeated high-pressure injections
of the thrombolytic agent through the catheter. This technique
can reestablish antegrade flow promptly but in general does
not shorten the overall time for complete thrombus resolution
because of residual adherent thrombus and potential distal
embolization.

Studies comparing thrombolytic agents allow for several
conclusions: (1) Urokinase is superior to streptokinase; (2)
urokinase and tissue plasminogen activator show similar

efficacy, with a slightly higher bleeding risk with tissue
plasminogen activator; and (3) reteplase and tenecteplase are
as safe and efficacious as tissue plasminogen activator. Two
new agents under study theoretically have some advantages.
Alfimeprase, a direct fibrinolytic agent (not a plasminogen
activator), acts on fibrin and fibrinogen. Once in the circula-
tion, alfimeprase rapidly forms a complex with �-2 macro-
globulin that is rapidly metabolized in the liver. This agent
has the potential to cause rapid thrombolysis when delivered
into the thrombus with minimal systemic effects, but unpub-
lished initial clinical studies have failed to show acceptable
efficacy. Intra-arterial infusion of plasmin, a direct fibrino-
lytic agent, by itself is also being investigated.

Concomitant infusion of anticoagulants and antiplatelet
agents with thrombolytic agents has not been studied com-
pletely. No consensus exists on the use of heparin, bivaliru-
din, hirudin, or lepirudin during CDTT. Heparin minimizes
the risk of pericatheter thrombus formation but increases the
risk of access-site bleeding. Some operators use heparin to
maintain a therapeutic activated partial thromboplastin time,
whereas others use less than half the systemic doses or none.

Figure 1. Treatment algorithm for acute lower-limb ischemia. *Short infusion of thrombolytic therapy proximal to occlusion can be used
to facilitate wire traversal.
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The use of concomitant adjunctive antiplatelet agents such as
abciximab, a monoclonal antibody against the glycoprotein
IIb/IIIa platelet receptor, appears to shorten treatment time
and embolization risk but is associated with an increased risk
of bleeding. In general, a short-acting anticoagulant (“lower
dose”) can be used with a thrombolytic agent, but full-dose
anticoagulant or intravenous antiplatelet agents should be
avoided.

Percutaneous Mechanical Thrombus Extraction
Several percutaneous thrombectomy devices are available. In
general, percutaneous thrombectomy devices decrease the
thrombus burden before CDTT; rapidly reestablish antegrade
flow, particularly in synthetic bypass grafts compared with
native arteries; remove thrombi better than emboli; can
uncover underlying disease; and occasionally remove enough
fresh thrombus to function as a stand-alone procedure.4

Clinical complications that are unique to percutaneous throm-
bectomy devices include hemolysis, which causes hematuria
and anemia; rhabdomyolysis with renal failure; pancreatitis;

and vasospasm. The cost–benefit ratio for the percutaneous
thrombectomy device over CDTT has not been evaluated
fully. Selective rather than universal use of percutaneous
thrombectomy devices is deemed prudent until the cost of the
catheter and console can be justified relative to the total cost
of prolonged (overnight) CDTT.

Surgical Thrombectomy or Bypass
Three prospective randomized trials have evaluated the roles
of CDTT and surgical revascularization in patients with
ALI.3,5,6 The Rochester Trial, a single-center study of 114
patients with ischemia of �7 days’ duration, reported equal
1-year limb-salvage rates of 82%, but the 1-year cumulative
survival rate among thrombolytic therapy patients was sig-
nificantly better than with surgical revascularization (84%
versus 58%, respectively) because they experienced fewer
in-hospital cardiopulmonary complications.5 The STILE Trial
of 393 patients with ischemia of �6 months’ duration was
terminated prematurely because recurrent ongoing ischemia
at 1 month was significantly higher in the thrombolytic

Figure 2. Simplified treatment algorithm for symptomatic aortoiliac disease in patients deemed candidates for revascularization. In
patients with multilevel disease, the aortoiliac segment should be addressed first. TASC indicates TransAtlantic Inter-Society Consen-
sus; AI, aortoiliac; PTA, percutaneous transluminal angioplasty; PE, physical examination; ABI, ankle-brachial index; and U/S,
ultrasound.
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therapy group than in the group that underwent surgical
revascularization (54% versus 26%, respectively).4 Neverthe-
less, a post hoc analysis stratified patients into 2 groups with
ischemia duration of either �14 days (acute) or �14 days
(chronic). Patients with acute ischemia treated with
thrombolytic therapy had a significantly better 6-month
amputation-free survival rate and shorter hospital stays,
whereas patients with chronic ischemia did better with
surgical revascularization. The Thrombolysis Or Peripheral
Arterial Surgery (TOPAS) Trial was a multicenter study that
randomized 198 patients with ischemia duration of �14
days.6 There was no difference in 1-year amputation-free
survival rates between thrombolytic therapy and surgical
revascularization; however, thrombolytic therapy patients had
a significantly reduced need for a surgical procedure.

Initial thrombolytic therapy is recommended for patients
who have ischemia of �14 days’ duration or graft occlusions,
and initial surgical revascularization is recommended for
those with ischemia of �14 days’ duration or native arterial
occlusions. Thus, conduit type and age, duration of occlusion,
and availability of vein for bypass should govern treatment.
Early graft failure (�6 months) is usually due to poor
selection, a surgical technical error, or coagulopathy;

intermediate-term failure (6 to 18 months) is often due to
intimal hyperplasia at the anastomoses; and long-term failure
(�18 months) is usually due to progression of atherosclerosis
in the inflow or outflow vessels. The conduit material of
choice for a graft is autogenous vein, because the long-term
patency rates are far superior to those of prosthetic grafts
(which now are usually only placed if vein is not available).
Although prosthetic grafts may be treated successfully with
CDTT, some surgeons prefer thrombectomy (with patch
angioplasty at anastomoses) or replacement, as long as the
limb is free of inflow or outflow lesions that can cause graft
failure.

Several issues should be considered for future investigation
of ALI. These include the following: (1) the relationship
between the duration, severity, and extent of ischemia and the
time available for successful treatment; (2) objective markers
for determining severity of ischemia to better triage patients
to appropriate and timely therapy; (3) prevention of reperfu-
sion injury in limbs; and (4) quality-of-life assessment rela-
tive to catheter-based and surgical treatment.

Chronic CLI
CLI is usually caused by multilevel atherosclerotic disease,
typically in patients with a history of cigarette smoking,

Figure 3. Simplified treatment algorithm for symptomatic infrainguinal peripheral arterial disease, assuming concomitant aortoiliac dis-
ease has been treated and the patient is an acceptable candidate for revascularization. *Alternative therapies to PTA include cryother-
apy, atherectomy (directional, rotational, ablative), and cutting balloon. †Alternative stent options include stent (graft, balloon expand-
ing, and self expanding) and drug-eluting stent. PTA indicates percutaneous transluminal angioplasty; TASC, TransAtlantic Inter-Society
Consensus; PE, physical examination; ABI, ankle-brachial index; and U/S, ultrasound.
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diabetes mellitus, or both. The risk of limb loss varies from
10% to 40% over the first year, with fewer than 50% of
patients alive at 5 years.7 These patients die of cardiovascular
disease, and therefore, evaluation must consider the systemic
nature of the problem. Any treatment given for limb ischemia
must take into account the comorbid conditions of the patient,
with the appropriate application of medical, endovascular,
and surgical therapies. In general, medical treatment of CLI
carries the highest risk of limb loss; endovascular treatment
carries low rates of morbidity and mortality but offers less
durability than surgery; and surgical bypass improves dura-
bility with a higher short-term risk and cost. These treatments
may be combined for effective care and should be viewed as
complementary and not mutually exclusive.

Medical Therapies for CLI
Patients with CLI require aggressive evaluation of their
cardiac, cerebrovascular, and renal status. Approximately one
third of these patients will have severe coronary artery
disease, renal artery stenosis, and carotid atherosclerosis. The
systemic nature of the disease process requires risk evalua-
tion, secondary risk factor modification, antiplatelet therapy,
and regularly scheduled postrevascularization surveillance of
these conditions.

The evidence available to support medical therapy for
treatment of CLI is limited. Noninvasive therapies that may
be tried for CLI include hyperbaric oxygen, prostaglandin
infusion, intermittent pneumatic compression devices, and
topical treatments ranging from growth factors to synthetic
skin. These modalities should be considered ancillary to
direct revascularization procedures.8

Endovascular Therapies for CLI
CLI has been a strong indication for surgical revasculariza-
tion because patients typically have multilevel occlusive
disease. The durability of bypass versus endarterectomy or
endovascular procedures has affected the decision-making
process to date. Many patients with CLI do not live long,
however; they require improved circulation for only a shorter,
finite period for wound healing and have limited medical
reserve to undergo a major operation, which makes endovas-
cular revascularization techniques attractive.

The Bypass versus Angioplasty in Severe Ischemia of the
Leg (BASIL) Trial randomized 452 CLI patients to bypass
surgery or angioplasty treatment first, with crossover allowed
in the event of failure.9 These patients were preselected as
candidates for either therapy and constituted only 30% of the
entire CLI population. The immediate failure rates were 3%
for surgery and 20% for angioplasty (P�0.05), with 1-year
reintervention rates of 17% for surgery and 28% for angio-
plasty (P�0.05). The primary end point of amputation-free
survival did not differ between treatment groups (56% with
surgery first versus 50% with angioplasty first) at 1 year.
Beyond 2 years, amputation-free survival and total survival
rates were greater with surgery than with angioplasty. Quality
of life did not differ between groups. The overall cost of care
was less for the angioplasty-first strategy. To some practitio-
ners, the improved durability of bypass proved that despite
increased cost and short-term morbidity, bypass should be the

first procedure offered to patients with CLI. Others support
the main conclusion of the study that angioplasty is cheaper
and less invasive, thus reserving surgical bypass for angio-
plasty failures or when angioplasty is not feasible, as dis-
cussed below.

Surgical Therapies for CLI
Not all patients with CLI should undergo revascularization.
Patients with extensive necrosis or infectious gangrene and
those who are nonambulatory may best be served with
primary amputation. Ambulatory patients with long occlu-
sions or heavily calcified arteries who have adequate venous
conduits are best served by surgical bypass. The PREVENT
(PRoject of Ex Vivo vein graft ENgineering via Transfection)
III Study provides a contemporary summary of surgical
bypass for CLI patients.10 A total of 1404 patients were
randomized to bypass surgery with an oligonucleotide or
placebo for the prevention of vein graft failure. There were no
significant differences in outcomes between the treatment
groups. Overall, at 30 days, the death rate was 2.7%, the graft
occlusion rate was 5.2%, the amputation rate was 1.8%, and
the overall major morbidity rate was 17.6%. Conventional
surgical end points showed a primary patency rate of 60.4%,
a secondary patency rate of 78.5%, a survival rate of 83.8%,
and a limb-salvage rate of 88.4% at 1 year.10

Outcome data summarized by the Inter-Society Consensus
(TASC) document for 1-year morbidity/mortality of surgical
bypass and interventional procedures are reported in the
Table.8 The outcome of revascularization procedures is af-
fected by anatomic and clinical factors. The quality of the
distal vessels (runoff), length of the treated segment/bypass,
and number of levels of disease treated (aortoiliac, femoral,
tibial) influence outcomes. Patient-specific factors such as
persistent smoking, diabetes mellitus, renal failure, and car-
diac dysfunction negatively affect outcomes. Combination
procedures can take advantage of the strengths offered by

Table. Outcome Data Summarized by the TASC Document for
1-Year Morbidity/Mortality of Surgical Bypass and
Interventional Procedures8

Surgical Procedure Endovascular Procedure

Mean time to heal foot
ulceration, wk

15–20 Unknown

Incisional wound
complication, %

15–25 8–15 (Access site)

Persistent severe
lymphedema, %

10–20 0

Graft stenosis/percutaneous
transluminal angioplasty
restenosis, %

20 10–60 (Iliac-tibial)

Graft/percutaneous
transluminal angioplasty
occlusion, %

10–20 10–30

Need for graft surveillance
studies, %

100 100

Major amputation, % 5–10 5–10

Death (perioperative/
postoperative), %

2/10 0/17
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each technique. For example, balloon angioplasty with stent-
ing of an iliac occlusion followed by bypass of a long SFA
occlusion combines the advantages of each procedure and
minimizes the risk to the patient to achieve resolution of CLI.

The best procedure is the one that is specifically tailored to
the individual patient, with minimization of physician bias.
Percutaneous and open surgical procedures need to be avail-
able and used in a complementary fashion.

SFA Disease
Novel Treatment Therapies
Diseased SFAs possess unique characteristics and challenges
for endovascular intervention in patients with CLI. Occlu-
sions predominate; calcification is common; compressive and
torsional forces break stiff, self-expanding nitinol stents;
external compression collapses balloon-expandable stents;
and aggressive intimal hyperplasia occurs not infrequently
after intervention. Other challenges include limited technical
success, increased use of resources (eg, time, equipment,
money), prolonged radiation exposure from long procedural
times, and high complication rates. Catheter and wire alter-
natives have been developed to maximize technical success
by facilitating lesion traversal and direct lesion treatment.

Catheter and Wire Advancements to Facilitate
Lesion Traversal
Hydrophilic coated wires have radically changed the ability
to traverse lesions. These wires, with catheter support, can be
used to cross through the true lumen or to create a subintimal
channel. The 0.035-inch hydrophilic wire has the body and
pushability to meet the demand of most SFA occlusions.
Smaller 0.014-inch hydrophilic wires have become popular
for some interventionalists who extrapolate coronary artery
techniques into the periphery. Alternative strategies include
the use of laser light (Spectranetics, Colorado Springs, Colo),
which disrupts the fibrous cap of the occlusion and then
ablates thrombus and plaque, allowing wire passage. Laser
use can shorten traversal time, decrease thrombus burden in
the occluded segment, and minimize the risk of embolization
after obligatory percutaneous transluminal angioplasty.11

Still, its use is limited by its cost and the absence of long-term
efficacy data. The use of a dissecting catheter (Frontrunner,
Cordis, Miami, Fla) can also break the fibrous cap of a
proximal occlusion and cross a lesion. A proximal occlusion
stump is helpful to start the dissection in the proper plane with
this catheter. Once across the occlusion, it is removed before
wire traversal. The CROSSER system (FlowCardia, Inc,
Sunnyvale, Calif) uses vibration (20 000 cycles per second) at
the tip of a catheter to “jackhammer” through an occlusion.
Preliminary data in the Peripheral Approach To Recanaliza-
tion In Occluded Totals (PATRIOT) trial of 40 patients
showed success in the majority of cases.12

Reentry catheters are used to return to the arterial lumen
from the subintimal plane at the distal occlusion. This avoids
further extension of the subintimal plane distally, which can
disrupt important collaterals. Reentry is made with a curved
needle extruded back into the lumen, through which a
0.014-inch guidewire is passed. This needle extrusion is
performed with biplane imaging to orient the catheter mark-

ers in the right direction (Outback, Cordis) or with intravas-
cular ultrasound guidance (Medtronic Pioneer, Minneapolis,
Minn). Once across the lesion, treatment options are variable.

Catheter Options for Lesion Treatment
Multiple strategies have been used to improve the long-term
durability of SFA treatment. Balloon angioplasty remains the
standard, with bare nitinol stents used in either a primary or
secondary strategy. Atherectomy (rotational, directional, or
ablative) has been used with variable frequency and re-
sults.13–15 Removal of plaque with these devices appears
attractive; however, incomplete plaque removal, an inability
to control the depth of atherectomy, and distal embolization
have limited their use. No prospective, randomized data exist
to support routine debulking before angioplasty.

Advancements in bare nitinol stent technology, particularly
those with axial flexibility to resist fracture, may improve
outcomes. Comparative data are still limited and are insuffi-
cient to discriminate among nitinol stents. Covered stents
(nitinol with polytetrafluoroethylene or expanded polytetra-
fluoroethylene) cover long-segment disease well and provide
excellent angiographic and short-term clinical results. They
have a propensity to thrombosis and require indefinite main-
tenance with anticoagulant or antiplatelet agents. Stent steno-
sis may predispose to occlusion and must be monitored with
duplex ultrasound. Advancements with drug-eluting and bio-
absorbable stents are discussed below. Unfortunately, it is not
currently possible to use any anatomic or patient criteria to
accurately predict which diseased segments and affected
individuals are the most amenable to obtaining a technically
successful and clinically durable recanalization procedure.

Drug-Eluting Stents
Restenosis after endovascular therapy for infrainguinal pe-
ripheral arterial disease remains a major obstacle to wide-
spread adoption as primary treatment of symptomatic periph-
eral arterial disease. With the dramatic improvement in
restenosis rates realized in large-scale prospective, multi-
center, randomized trials in coronary artery disease using
drug-eluting stents compared with bare-metal stents, it seems
intuitive that similar technology would result in clinical and
anatomic benefits in infrainguinal peripheral arterial disease.
Unfortunately, data evaluating such therapy are limited.

Two publications exist that evaluated drug-eluting stents
compared with bare-metal stents in the SFA.16,17 SIROCCO 1
(SIROlimus Coated Cordis S.M.A.R.T. Nitinol Self-
expandable Stent for the Treatment of Obstructive superficial
femoral artery disease) compared sirolimus-coated, self-
expanding nitinol stents (Cordis Endovascular, Warren, NJ)
with identical nitinol self-expanding stents without the drug
coating or polymer in 36 patients in Europe and Canada.16

Sirolimus is the same drug used on coronary artery stents. All
patients were symptomatic and diagnosed as Rutherford class
2, 3, or 4. SFA lesions were 4 to 20 cm in length, either
stenosis (�70%) or occlusion. All patients underwent
6-month posttreatment contrast arteriography, which led to
the primary end point of in-stent mean percent diameter
stenosis as determined by quantitative angiography.

Gray et al Lower-Extremity Revascularization: State of the Art 2869

 by on January 18, 2009 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


The 2 patient cohorts had similar clinical and anatomic
characteristics, with the sole exception of greater evidence of
calcification of the SFA lesion in the drug-eluting stent group
(100%, versus 46.7% in the bare-metal stent group;
P�0.002). Mean SFA lesion length was 85 mm, and the
mean number of stents implanted was 2.2 per patient. At the
6-month end point, the mean percent diameter stenosis was
22.6�16.5% in the drug-eluting stent cohort, compared with
30.9�27.2% in the bare-metal stent group. There was no
significant difference between groups. No occlusions were
seen in the drug-eluting stent group, and only 1 (5.9%) was
seen in the bare-metal stent group. No patient required a
secondary revascularization procedure at 6 months. Of note,
6 stent fractures occurred in the trial, 3 in each arm. No
patient with a stent fracture experienced an adverse event or
required revascularization as a result of the fracture.

SIROCCO 2 expanded the treatable population and limited
the lesion lengths so that all lesions could be covered by no
more than 2 stents.17 Fifty-seven patients with Rutherford 2,
3, or 4 symptoms were included. SFA lesions were limited to
7- to 14.5-cm stenosis length or 4- to 14.5-cm occlusion
length. Of the eligible cohort, 29 received the sirolimus-
coated S.M.A.R.T. stent, whereas 28 received the bare
S.M.A.R.T. stent. Once again, the primary end point was
in-stent mean lumen diameter at 6 months by quantitative
angiography.

In SIROCCO 2, the mean lesion length was 81.5 mm,
somewhat shorter than that seen in SIROCCO 1. As in
SIROCCO 1, the primary end point demonstrated no signif-
icant difference: The mean lumen diameters were
4.94�0.69 mm in the drug-eluting stent group and
4.76�0.54 mm in the bare-metal stent group. Four stent
fractures were identified in SIROCCO 2 at 6 months—2 in
each arm of the trial. No clinical adverse events occurred in
the 4 patients with stent fractures.

These 2 feasibility studies suggest that drug-eluting stents
do not offer benefit in SFA disease, in contrast to the
favorable outcomes shown in coronary artery disease. The
concentration of sirolimus placed on the nitinol self-
expanding stents in the SIROCCO series was not well
controlled, which made it difficult to determine which, if any,
stent had the appropriate dose. Of note, the patients who
received sirolimus with a longer elution platform did do
better than those with the shorter elution platform. In addi-
tion, because the pathophysiology of SFA disease is vastly
different from the coronary artery, it is uncertain whether the
drug actually reached the target cell. Finally, the use of a “top
coat” or covering over the active pharmaceutical agent, which
theoretically allows for delayed drug release, as was done in
the SIROCCO trials, remains an unclear variable in drug-
eluting technology for SFA disease. There is an ongoing
clinical trial in the United States, the Zilver-PTX trial (Cook,
Inc, Bloomington, Ind) in which paclitaxel, which has been
shown to dramatically reduce coronary artery in-stent reste-
nosis, has been placed on the surface of nitinol self-expanding
stents, although without a top coat. This randomized, pro-
spective, multicenter trial comparing a drug-eluting stent with
a bare-metal stent has completed its feasibility phase and is
now enrolling patients in the pivotal segment of the trial.

Treatment of SFA In-Stent Restenosis
Recent advances in catheter and stent technology have failed
to solve the problem of SFA restenosis. Studies have shown
the incidence of in-stent restenosis increases with the length
of the treated lesion (ie, stent). Restenosis rates vary accord-
ing to the imaging modality used. Duplex ultrasound shows
an in-stent restenosis rate of 36.7%, compared with an
angiographic restenosis rate of 20% to 25% at 12 months.18

In-stent restenosis occurs because of neointimal hyperpla-
sia, because intact stents limit elastic recoil. Stents stretch the
artery more than balloon angioplasty, which predisposes them
to neointimal formation, but the overall luminal gain is
maintained by limiting recoil. Stent fracture can cause me-
chanical restenosis through loss of the radial strength of the
stent.

Endovascular treatment for in-stent restenosis includes
balloon angioplasty, cutting balloon angioplasty, bare-metal
stent, stent grafts, sonotherapy, cryotherapy, vascular brachy-
therapy, and laser/directional/rotational atherectomy. Two
treatment strategies have shown efficacy for coronary in-stent
restenosis (drug-eluting stents and vascular brachytherapy),
but there is no consensus for the treatment of SFA in-stent
restenosis.

The attractiveness of drug-eluting stents was discussed in
the previous section. For in-stent restenosis, drug-eluting
stents may not avoid the complication of late thrombosis,
subsequent stent fracture, and reocclusion. Further studies
with drug-eluting stents for SFA restenosis are warranted.
Anecdotes have been reported about the efficacy of covered
stents (ie, polytetrafluoroethylene-covered nitinol stents), but
no data exist to suggest that these will provide a break-
through. “Edge stenosis” and acute thrombotic tendencies
may limit their overall utility for this disease.

Vascular brachytherapy is the only approved therapy for
in-stent restenosis of bare-metal stents in coronary arteries.
Will it also work for SFA in-stent restenosis? Three studies
(Vienna 2, Vienna 4, and Peripheral Artery Radiation Inves-
tigational Study [PARIS]) provide some data showing pa-
tency rates of 80% for SFA in-stent restenosis at 6 months.19

Nevertheless, late restenosis or catch-up occurs by 3 years of
follow-up, which suggests that brachytherapy merely delays
restenosis. Technical limitations include the lack of an
SFA-specific centering catheter, convenient �-radiation–de-
livery environment, and management of the access site in the
radiation oncology suite. Furthermore, �-radiation has weak
penetration and is limited to a 60-mm treatment length, so the
use of the approved coronary system is impractical for most
SFA lesions. Brachytherapy at the time of stenting should be
avoided because of the escalated risk of acute thrombosis.
External radiation can be used but predisposes to nerve and
soft tissue injury.

Biodegradable stents are under study in Europe. Prelimi-
nary data show a restenosis rate of �20% at 6 months, which
suggests that drug elution may also be a necessary component
to these stents if they are going to provide the solution to SFA
restenosis.20

Management of Access-Site Complications
Complications with percutaneous procedures occur most
frequently at the access site, affecting 5% to 18% of proce-
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dures.21 Lack of hemostasis after removal of the sheath is the
most common problem. Contributing factors include patient
characteristics (female sex, obesity, low body weight, and
hypertension) and procedural factors such as sheath issues
(prolonged sheath time, large arterial sheath, concomitant
venous sheath, and repeat sheath insertion), the use of
anticoagulants and antiplatelet agents, multiple arterial punc-
tures (including Seldinger technique) or arterial calcification,
inadequate external compression after the procedure (usually
in the obese patient), guidewire perforation of the external
iliac artery or branch, non–common femoral artery access
site, and failure of a closure device.22

The initial management of suspected bleeding from the
groin must include hand pressure at the access site regardless
of the presence of a hematoma, aggressive fluid resuscitation,
and notification of medical personnel capable of direct
treatment (endovascular or open) of the arteriotomy site.
During the initial resuscitation of the patient, reevaluation of
the puncture site is important. High punctures of the proximal
common femoral artery or distal external iliac artery predis-
pose to retroperitoneal hemorrhage. Access-site hematomas
can usually be controlled and decompressed with external
manual compression. It may be difficult to use external
manual pressure to control high puncture sites, nonfemoral
arterial sites, or a rapidly expanding hematoma, and these are
likely to require prompt intervention. Unstable patients with
persistent bleeding require both diagnostic and therapeutic
intervention.

Most acute bleeds can be handled with endovascular
techniques such as balloon tamponade or covered stents. The
first line of intervention is dependent on physician expertise
with endovascular or surgical treatment. Surgical exploration
should be considered in the presence of tense hematomas that
compromise skin integrity. Late complications, such as an
infected groin hematoma or endarteritis causing recurrent
bleeding, require surgical intervention. Persistent pseudoan-
eurysms can be treated with ultrasound-guided compression
or direct thrombin injection.

Acute ischemia of a limb can occur from distal emboliza-
tion or thrombosis of the access site or treatment site. When
this occurs during the procedure, the arteriographic flow
pattern becomes sluggish or stagnant. After the procedure, the
diagnosis can be made reliably with physical examination and
a handheld Doppler device. Medical therapy with aggressive
anticoagulation or systemic thrombolysis will not be adequate
in most cases. Arteriography should be performed promptly
by use of a remote access site. Percutaneous intervention with
balloon angioplasty, stents, thrombectomy devices, and
catheter-directed thrombolytic agents can resolve ischemia
rapidly. Balloon angioplasty is helpful to treat underlying
disease once the offending thrombus is removed. Thrombus
can be removed with a thrombectomy device or small doses
of a directly delivered thrombolytic agent. Residual dissec-
tion flaps or resilient atherosclerotic plaque can be treated
with a stent; however, when the lesion is in the common
femoral artery, surgical endarterectomy is preferred to a stent.
Surgical bypass, patch angioplasty, and Fogarty thrombec-
tomy options should be available and used if endovascular
techniques fail to resolve the ischemia.

Infrequent access-site complications such as nerve injury,
arteriovenous fistula, lymphocele formation, or infected clo-
sure device (cellulitis) can be observed under medical treat-
ment initially. Most resolve without intervention; however,
surgical drainage is required for abscesses, which should be
discriminated from simple cellulitis.

The importance of access-site care and maintenance cannot
be underestimated, because patients often grade their “expe-
rience” on the basis of the visual evidence. Prophylactic
efforts to minimize access-site complications include the use
of fluoroscopy before needle cannulation of the common
femoral artery, use of a single-wall puncture technique,
commitment to standard sterile techniques throughout the
case, administration of a single dose of antibiotic at the time
of the procedure, selective use of pressure dressings after
sheath removal, and requisite observation time before
discharge.

Conclusions
The heterogeneity of peripheral artery disease poses a tre-
mendous challenge to the design, enrollment, and analysis of
device trials. Lack of randomized, controlled data limits the
authoritative conclusion of consensus documents. Further
investigations of catheter-based therapy are necessary, and
these should include clinical end points in addition to arterial
patency and limb salvage, such as short-term morbidity,
long-term morbidity, procedural mortality, symptomatic im-
provement, limb salvage, quality of life, functional status, and
overall cost of primary and secondary procedures. Armed
with this information, physicians can make objective deci-
sions, and patients can be properly advised before a
procedure.
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