
■ ABSTRACT
Traditional indications for invasive treatment in
patients with peripheral arterial disease (PAD) have
been salvage of a threatened limb or improvement of
functional capacity in cases of disabling intermittent
claudication, but advances in interventional therapy
may be lowering the threshold for these therapies.
Percutaneous transluminal angioplasty (PTA), with or
without stent placement, is the most common
endovascular intervention in patients with occlusive
lower extremity PAD. In general, PTA is best suited to
cases of short-segment stenosis or large-bore vessels,
whereas surgery is best applied to multilevel occlu-
sions involving smaller and more distant vessels. This
article reviews endovascular therapy, catheter-based
thrombolysis, and surgical revascularization proce-
dures in patients with PAD, with special attention to
recommendations from new American College of
Cardiology/American Heart Association guidelines.

T
he classic indications for invasive (endovascu-
lar or surgical) treatment in patients with
lower extremity peripheral arterial disease
(PAD) are salvage of a threatened limb (usu-

ally presenting as rest pain, nonhealing ulceration, or
gangrene) and improvement of functional capacity in
patients with short-distance, lifestyle- or vocation-
limiting intermittent claudication (IC). Several con-
siderations must be taken into account before a
patient with IC is offered the option of any invasive
revascularization therapy (Tables 1 and 2).1,2

Recent advances in the management of vascular dis-
ease, combined with the evolution of experienced vas-
cular interventionalists and the increasingly multi-
disciplinary approach to peripheral interventions, have

improved the risk-benefit ratio of percutaneous revas-
cularization procedures. This shift, along with current
understanding of the elusive symptomatology of PAD
and its alarming effects on functional status (beyond
those of IC), may have lowered the threshold for inva-
sive therapy of lower extremity arterial occlusive dis-
ease. This article reviews current understanding of
when and how patients with lower extremity PAD are
best managed with revascularization therapies, with
the recognition that more clinical trials are needed to
further examine these strategies and test newer devices. 

■ ENDOVASCULAR INTERVENTIONS
Explosive—and continuing—growth
Since Dotter and Judkins first described percutaneous
catheter-based angioplasty for the treatment of symp-
tomatic PAD in 1964,3 peripheral interventional pro-
cedures have proliferated. The use of angioplasty to
treat lower extremity disease increased sevenfold in
the United States between 1979 and 1996.4 In some
regions the growth has been even more explosive. For
example, the annual rate of percutaneous transluminal
angioplasty (PTA) for lower extremity PAD, adjusted
for age and sex, rose 24-fold (from 1 to 24 per 100,000
residents) in Maryland from 1979 to 1989.5 More
recent estimates suggest that this proliferation contin-
ues, with the number of peripheral interventions
increasing from 90,000 in 1994 to more than 200,000
in 1997, making endovascular intervention the fastest
growing therapeutic area of vascular medicine.6 While
this growth rate already exceeds the growth rate of
coronary interventional procedures, this growth is
expected to continue as endovascular techniques
become applicable to many peripheral arterial condi-
tions that traditionally have been managed surgically. 

The most commonly used percutaneous strategy
for the treatment of infrainguinal occlusive disease is
PTA with or without stent placement. Other strate-
gies, such as subintimal angioplasty, cutting-balloon
angioplasty, cryoplasty, and the use of atherectomy
devices (eg, laser and thermal devices), are also
employed and considered valuable in subgroups of
patients. Newer techniques, such as the use of drug-
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eluting or biodegradable stents, are considered inves-
tigational at present. 

Generally, endovascular therapy of PAD is associated
with a low rate of serious adverse outcomes in most
patients. However, contrast-induced acute renal failure,
contrast-related allergic reactions, atheromatous (renal
and lower extremity) embolization, and access-related
complications such as pseudoaneurysm, arteriovenous
fistula, bleeding, and hematoma can all be seen.2

What determines indications and outcomes?
In light of differences in structural and anatomic char-
acteristics, the lower extremity arterial system can be
divided into three distinct anatomic territories: 

• Aortoiliac
• Femoropopliteal 
• Infrapopliteal (also referred to as crural, below-

the-knee, infrageniculate, or tibioperoneal). 
The indications and outcomes of endovascular

procedures differ depending on the segment involved
as well as other systemic factors (see discussion of
these factors in following paragraph). In general,
optimal PTA results are achieved when the proce-
dure is offered for short-segment stenosis of large-
bore vessels, whereas surgical methods are best
applied to multilevel occlusions involving smaller
and more distant vessels. Proposed patient-specific
predictors of long-term patency following percuta-
neous therapy include the following:7–9

• Lesion severity at baseline (fewer, concentric,
noncalcific, and stenotic lesions, as opposed to
heavily calcific and occluded arterial segments)

• Anatomy of the affected limb (greater baseline
inflow and presence of two- or three-vessel runoff) 

• The limb’s physiologic adaptation to ischemia,
as manifested by clinical presentation (claudi-
cation as the presenting symptom rather than
critical or acute limb ischemia)

• Angiographic response of the limb to intervention
(absence of residual stenosis following angioplasty)

• Physiologic response of the lesion to intervention
(normalization of the ankle-brachial index to 
> 0.90 at 24 hours after the procedure). 

Systemic factors, such as ongoing smoking, the
presence of diabetes mellitus,9 and optimal control of
other atherosclerotic risk factors such as hyperlipi-
demia, hypertension, obesity, and a sedentary lifestyle
play a fundamental role in the long-term fate of the
arterial segment that is the target of the intervention
(Table 3).

Endovascular therapy of iliac artery disease
The iliac arteries are most amenable to endovascular
therapy and, if disease is present, require intervention
first. Successful iliac artery angioplasty improves the
inflow and augments collateral blood flow, thus lead-
ing to more durable results even when other segments
are affected in the same leg. Available PTA tech-
niques have shown an impressive 88% success rate for
recanalization of occluded common or external iliac
arteries,10,11 with a 5-year cumulative patency rate as
high as 66%.12 A meta-analysis of six PTA studies and
eight stent studies showed a higher initial success rate
and an overall 39% reduction in long-term failures
(after 4 years) with iliac stents compared with PTA
alone, regardless of the indication for the procedure
(claudication vs critical limb ischemia) or the type of
underlying lesion (stenotic vs occlusive).13

Despite the clinical benefits of iliac stent placement
as demonstrated by this meta-analysis,13 many endovas-
cular specialists favor selective stent use for distinctly
complex lesions, for those with flow-limiting dissec-
tions, or when PTA results are unsatisfactory. Recently
published guidelines from the American College of
Cardiology and the American Heart Association
(ACC/AHA) for the management of PAD give a class
IB recommendation for PTA as primary therapy for
common and/or external iliac artery stenoses and occlu-
sions and a class I recommendation for stenting as pri-
mary therapy for such lesions (evidence level B for com-
mon lesions and level C for external lesions) (Table 2).2
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TABLE 1
Indications for revascularization in patients with
intermittent claudication (IC)

Before a patient with IC is offered the option of any invasive
revascularization therapy, either endovascular or surgical,
the following considerations must be taken into account:

• Whether patient has a predicted or observed lack of 
adequate response to exercise therapy and IC pharmacotherapies

• Whether patient has severe disability, ie, is unable to perform
normal work or has very serious impairment of other 
activities important to him/her

• Whether patient has another disease that would limit 
exercise even if IC were improved (eg, angina or chronic
respiratory disease)

• Whether patient’s anticipated natural history and prognosis
justify the intervention

• Whether morphology of the lesion is such that the appropriate
intervention would have low risk and a high probability of 
initial and long-term success

Adapted from reference 1.
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Furthermore, iliac artery endovascular therapy
serves as an excellent adjunctive procedure for pre-
serving inflow to surgical bypass grafts in patients
with coexistent infrainguinal disease. In a study of 70
consecutive patients undergoing femorofemoral
bypass grafting, iliac PTA (with and without stenting)
provided adequate inflow to the graft for more than

14 years after the procedure, providing an alternative
to aortofemoral bypass surgery.14

Relative contraindications to endovascular therapy
of occlusive iliac disease include long occlusions (> 5
cm), iliac artery aneurysmal disease, atheroembolic
disease, and long-segment, severe diffuse bilateral aor-
toiliac disease.15

TABLE 2
Key ACC/AHA recommendations on revascularization therapy for lower extremity peripheral arterial disease*

Presentation/ Evidence
indication Class level Recommendations

Intermittent I A Endovascular procedures are indicated for patients with vocation- or lifestyle-limiting IC who
claudication have shown inadequate response to exercise or pharmacotherapy and have a favorable lesion
(IC) profile (eg, focal aortoiliac occlusive disease)

B Endovascular procedures are the preferred therapy for TASC type A iliac and femoropopliteal lesions

B Primary stenting is the preferred therapy for common iliac artery stenoses and occlusions

B Provisional stenting is indicated as salvage therapy following a suboptimal result from iliac 
artery balloon dilation

C Stenting is effective as primary therapy for external iliac artery stenoses and occlusions

C Translesional pressure gradients should be obtained to evaluate borderline (50% to 75%)
angiographic iliac arterial stenoses before intervention

IIa C Stents, lasers, cutting balloons, atherectomy devices, and thermal devices can be useful in the 
femoral, popliteal, and tibial arteries as salvage therapy for a suboptimal or failed result from 
balloon dilation

III C Primary stent placement is not recommended in the femoral, popliteal, or tibial arteries

Endovascular intervention is not indicated as prophylactic therapy in an asymptomatic patient
with lower extremity PAD

Critical limb I B Inflow lesions should be addressed first
ischemia (CLI)

B An outflow revascularization procedure should be performed only if symptoms of CLI or infection
persist despite inflow revascularization

III C Surgical and endovascular intervention is not indicated in patients with severe decrements in 
limb perfusion (eg, ankle-brachial index < 0.40) in the absence of clinical symptoms of CLI

Acute limb I A Catheter-based thrombolysis is recommended for patients with ALI (Rutherford categories I and IIa† )
ischemia (ALI) of less than 14 days’ duration

B Patients with a salvageable extremity should undergo emergent anatomic evaluation for revascularization

IIa B Mechanical thrombectomy devices can be used as adjunctive therapy for ALI due to peripheral
arterial occlusion

IIb B Catheter-based thrombolysis or thrombectomy may be considered for patients with ALI
(Rutherford category IIb† ) of more than 14 days’ duration

III B Patients with a nonviable extremity should not undergo evaluation or attempts at revascularization

* Adapted from reference 2. Strength of recommendations is greatest for class I, then class II, etc. Evidence base is strongest for level A, then level B, etc. See reference 2 for full
details.

† See table on page S19 of this supplement for explanation of Rutherford categories.
ACC/AHA = American College of Cardiology/American Heart Association; TASC = TransAtlantic Inter-Society Consensus
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Endovascular therapy of femoropopliteal disease
Atherosclerotic involvement of the femoropopliteal
segment is the most common cause of IC.16 Whereas
stenotic lesions are more common in the iliac arter-
ies, occlusions (typically long segments) are far more
prevalent in the femoropopliteal system (Figure 1).
In addition to being smaller than the iliac arteries,
the femoropopliteal arteries have higher resistance,
are more susceptible to spasm, and have lower over-
all blood flow rates. These factors, combined with
the numerous external forces exerted on this seg-
ment (extension/contraction, torsion, compression,
and flexion) and the impact of inflow and outflow
status on procedural outcome, explain the higher
rate of restenosis (more than 50% to 80% in some
reports) following femoropopliteal PTA.16 Although
primary stent placement in this territory does not
seem to significantly improve late patency rates
(likely due to a high incidence of in-stent resteno-
sis), such a strategy actually appears costly, increas-
ing initial treatment costs by as much as $3,000 rel-
ative to primary PTA.17

Given these findings, the recent ACC/AHA
guidelines on PAD management recommend against
primary stent placement in the femoral, popliteal, or
tibial arteries (Table 2).2 Provisional stent use (in
which stent placement is limited to cases of subopti-
mal PTA results or cases of vessel recoil) remains an
acceptable alternative. 

Endovascular therapy of infrapopliteal disease
Although described in the early work of Dotter and
Judkins,3 use of infrapopliteal (tibioperoneal trunk,
anterior tibial, posterior tibial, and peroneal arteries)
endovascular therapy has been far more limited.
Infrapopliteal PTA (with and without stenting) is pri-
marily offered to patients who present with critical
limb ischemia or debilitating short-distance IC (walk-
ing distance < 200 m) who are not candidates for sur-
gical revascularization. Infrapopliteal PTA is also used
to complement proximal revascularization procedures,
such as femoropopliteal PTA or bypass surgery, partic-
ularly when poor outflow threatens the long-term
patency of the proximal segment. Although balloon-
expandable coronary stents are the only available
option for use in the infrapopliteal vasculature, dedi-
cated and vessel-specific drug-eluting and biodegrad-
able stents are being tested for use in this territory.  

While the decision to intervene is typically based
on the specifics of the individual patient, the follow-
ing principles are noteworthy to help guide the prac-
tice of infrapopliteal PTA: 

• Proximal lesions (aortoiliac or femoropopliteal)
should always be fixed first when possible

• Surgical bypass grafting is an excellent initial
treatment for critical limb ischemia when severe
multilevel (including crural) disease is present, and
must be pursued whenever possible

• Despite the high incidence of restenosis, tem-
porarily restoring flow to one infrapopliteal artery
allows delivery of sufficient nutrients to heal ischemic
ulcers and, occasionally, ease rest pain symptoms

• IC alone is rarely a qualifying indication for
infrapopliteal PTA except in special situations. 

■ CATHETER-BASED THROMBOLYSIS
Thrombolytic therapy may lead to total or partial res-
olution of arterial thrombus in patients presenting
with acute limb ischemia. Such rapid restoration of
flow to the ischemic limb enhances long-term patency
and frequently uncovers underlying stenotic lesions
that may be amenable to simultaneous revasculariza-
tion using endovascular techniques. 

Three randomized, controlled, multicenter trials
that compared thrombolysis to open surgical revascu-
larization supported a role for catheter-based throm-
bolysis and underscored the importance of careful
patient selection as a critical step in avoiding hemor-
rhagic complications.18–20 The incidence of such com-
plications in one review ranged from 1% for hemor-
rhagic stroke to 5% for major hemorrhage and 15%
for minor hemorrhage.21
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TABLE 3
Factors that increase risk of limb loss in patients
with critical limb ischemia

Permission not granted 
to reprint this table online.

Please see original source table from ACC/AHA 2005 Practice
Guidelines for the Management of Patients with Peripheral Arterial
Disease. Circulation 2006; 113:463–654. © 2006, American Heart
Association, Inc.
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The ACC/AHA guidelines on PAD recommend
catheter-based thrombolysis as an effective and bene-
ficial initial treatment for acute limb ischemia2

(Rutherford categories I and IIa, ie, patients in whom
the limb is not immediately threatened or is salvage-
able if promptly treated; see previous article by Lyden
and Joseph), and it is commonly used for treatment of
bypass graft thrombosis. 

■ SURGICAL REVASCULARIZATION PROCEDURES
Surgical revascularization of occlusive PAD has been
the conventional strategy for lower extremity revascu-
larization since placement of the first synthetic vascular
bypass graft in 1952.22 The two surgical techniques com-
monly offered are bypass grafting and endarterectomy.
While bypass grafting is favored in cases of distal, multi-

level, or diffuse occlusive disease, endarterectomy is an
excellent option for lesions localized to the aortoiliac,
common femoral, or profunda arteries. Dual procedures,
using both endarterectomy (of diseased proximal seg-
ments) and bypass grafting (of occluded distal vessel),
are occasionally offered to severely affected patients. 

Autogenous vein grafts (using the patient’s own
veins) are preferred for infrainguinal bypass grafting,
whereas synthetic grafts have shown excellent patency
rates when used for aortofemoral bypass grafting.23 The
saphenous vein grafts are the most commonly used
autologous grafts, but the cephalic and basilic veins
can also be used if needed. Reversed vein grafts are
created by disconnecting, reversing (so that forward
blood flow is not obstructed by the vein valves), and
reconnecting the autologous vein to bypass the dis-
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FIGURE 1. Percutaneous recanalization of an occluded left superficial femoral artery (SFA) in a patient with severe, lifestyle-limiting intermit-
tent claudication. The resting ankle-brachial index on the left side was 0.64, which dropped to 0.43 with exercise. Angiography (A) showed a
completely occluded long segment of the left SFA. The wire was purposefully passed into the subintimal part of the vessel (B). A Pioneer™
catheter (Medtronic, Minneapolis, MN) was placed in the subintimal space over the wire (C) and, with intravascular ultrasonographic guidance,
the true lumen of the distal SFA was entered with a needle and a second wire was passed through that. Balloon angioplasty was performed
with a 5 mm x 40 mm balloon (D), and overlapping 7 mm x 120 mm and 7 mm x 40 mm nitinol self-expanding stents were placed (E), producing
an excellent angiographic result. Historically, this sort of lesion was treated conservatively or, if the symptoms were disabling, with open surgery.
With current endovascular technology, percutaneous revascularization is often possible.
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eased arterial segment. In situ vein grafts are formed by
leaving the native vein in place, disrupting the vein
valves using a surgical instrument (to prevent blood
flow impediment), and ligating the perforator veins to
avert the formation of arteriovenous fistulas. An
apparent mismatch in the size of the reversed vein
graft and the native artery (usually at the distal anas-
tomotic site) is not uncommon with in situ vein grafts.
It can lead to increased Doppler velocities, which may
be interpreted as graft anastomotic stenosis. This is an
important distinction that all physicians caring for
these patients need to be aware of to avoid misinter-
pretation of future graft duplex testing. 

When distal bypass grafting is the procedure of
choice, the surgeon should make every attempt to use
a native vein, given the superior long-term patency of
native veins (70% to 80% at 5 years) compared with
prosthetic grafts of the infrapopliteal vessels.24–27

■ PERIOPERATIVE AND LONG-TERM CARE 
OF THE VASCULAR SURGERY PATIENT

Patients undergoing noncardiac vascular surgery are at
high risk for serious perioperative complications such
as cardiac death, nonfatal myocardial infarction,
stroke, wound or graft infection, atheroembolization,
and peripheral nerve injury. 

Although preoperative cardiovascular risk stratifi-
cation should be emphasized, recent data suggest that
preoperative coronary revascularization in this popu-
lation is not always justified. The Coronary Artery
Revascularization Prophylaxis (CARP) trial explored
this issue in 510 patients with known, stable coronary
artery disease who were scheduled for elective periph-
eral vascular surgery (33% for abdominal aortic
aneurysm repair and 67% for infrainguinal bypass).28

The patients were randomized to coronary artery
revascularization (coronary artery bypass grafting in
41% and percutaeous coronary intervention in 59%)
or no revascularization before the planned surgery.
Outcomes were similar between the groups in terms
of postoperative mortality and acute myocardial
infarction at 30 days, left ventricular ejection fraction
at 3 months, and survival after a median follow-up of
2.7 years. Furthermore, undergoing coronary revascu-
larization delayed vascular surgery significantly, with
a median interval of 54 days between randomization
and vascular surgery in the coronary revascularization
group compared with 18 days in the control group. 

The authors concluded that coronary revascular-
ization before elective vascular surgery is not indicated
for patients with stable cardiac symptoms.28 Elective
preoperative cardiac catheterization before elective

vascular surgery, however, should be pursued when a
preoperative evaluation suggests unstable cardiac
symptoms or advanced cardiac disease (such as severe
left main or three-vessel coronary artery disease
[CAD], multivessel CAD with severe left ventricular
dysfunction, or severe aortic stenosis). 

Benefits from perioperative beta-blockers, statins
Perioperative use of beta-blockers significantly reduces
the risk of cardiovascular events and mortality associated
with noncardiac vascular surgery and improves the
patency of autogenous infrainguinal bypass grafts.29,30

Benefits from perioperative statin therapy in
patients undergoing vascular surgery have also been
reported recently, including significant reductions in
perioperative mortality and in adverse cardiovascular
events.31,32 Statins also appear to improve the patency
rates of autogenous infrainguinal bypass grafts.33

Our practice is to start all patients on adequate
beta-blockade (to a target heart rate of less than 60
beats per minute) and add a statin (for those not
already receiving one) before the vascular surgical pro-
cedure, and to continue these agents postoperatively if
tolerated. The preoperative clearance visit is a con-
venient opportunity to initiate such medications. 

Close follow-up needed to ensure lasting benefit
Following invasive therapy, the vascular patient
should receive ongoing care and close follow-up.
Surveillance vascular studies (such as serial
arterial/graft duplex scans and resting/exercise ankle-
brachial index measurement) are necessary to evalu-
ate the continued patency of the segment or segments
that were intervened upon. These studies, together
with the symptoms reported by the patient at rest and
with exertion, are important tools to help the vascu-
lar specialist decide on the need, proper timing, and
best strategy for future interventions. 

Additionally, implementing strict global cardiovas-
cular risk-reduction strategies—including stringent
risk-factor modification, exercise, and a healthy
diet—is key to ensuring a successful and lasting out-
come from the interventional procedure. Lifelong
antiplatelet therapy (aspirin 325 mg/day or clopido-
grel 75 mg/day, or both for select individuals [see table
on page S31 of this supplement]), a supervised exer-
cise/walking program, blood pressure control to less
than 140/90 mm Hg, and control of low-density
lipoprotein cholesterol to less than 100 mg/dL (with
statins and other lipid-lowering agents), together
with adequate diabetes control and complete smoking
cessation, are all critical lifesaving and limb-saving
measures following peripheral revascularization. 
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