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Peripheral artery disease (PAD), which affects the large and 
medium arteries of the lower extremities, is a substantial 

cause of morbidity and health costs.1–5 Clinical studies assess-
ing treatments for PAD guide clinical management but require 
standard definitions of disease and outcomes to ensure validity 
and consistency within and between studies.

Prior guidelines for PAD outcomes in clinical trials were 
developed by consensus from stakeholders in multiple disci-
plines.6–8 They consider outcomes of medical therapies target-
ing systemic atherosclerosis and medical or surgical therapies 
for leg-specific symptoms such as claudication or critical limb 
ischemia. However, the rapid development of percutaneous 
technologies and the promise of new biological therapies (eg, 
cell-based therapies) expand treatment options and require a 
re-evaluation of important outcomes in clinical trials of PAD.

Multidisciplinary consensus statements for other percu-
taneous treatments also provide insights to help develop 
standardized outcomes for trials of PAD. These include the 
Academic Research Consortium definitions for outcomes in 
percutaneous coronary interventions9 and the Valve Academic 
Research Consortium definitions of outcomes for transcath-
eter aortic valve replacement.10 Although this article is not 
meant to provide a definitive statement on outcomes for clini-
cal trials on symptomatic PAD, it is designed to stimulate dis-
cussion toward a multidisciplinary consensus statement that 
embraces new percutaneous technologies and medical and 
surgical treatments for PAD.

Definitions and Perspectives of PAD
PAD is defined clinically by an abnormal ankle-brachial index 
(ABI) ≤0.90. 6,7,11 The ABI for each leg is measured with a 
Doppler probe and is the ratio of the highest systolic pres-
sure from the dorsalis pedis or posterior tibial artery in a leg 
divided by the highest arm systolic pressure.11,12 Although 
there are other causes of PAD (eg, thromboembolic causes, 
inflammation, trauma, aneurysms, entrapment syndromes, 
adventitial cysts, congenital abnormalities),12 atherosclerosis 
is the predominant cause of PAD. Medical therapy targeting 
risk factors for atherosclerosis reduces the risk of myocar-
dial infarction and stroke, which are major causes of death in 
patients with PAD.8,12–14 Thus, therapies designed to combat 

atherosclerosis in patients with PAD may focus on the pre-
vention of wider clinical end points related to atherosclerosis 
such as myocardial infarction, stroke, and death, as well as 
leg-specific end points. Therapies designed specifically for 
leg-specific symptoms (medical therapy, cell-based therapy, 
or revascularization) may focus more on end points assessing 
these symptoms. Symptom impairment is also in the eye of 
the beholder. Patient perceptions may differ from health pro-
fessionals’ observations, and both provide information on the 
value of therapies for PAD.

Leg-Specific Symptoms in PAD
Although acute limb ischemia, characterized by the sudden 
loss of perfusion in a limb, may occur in PAD, a more chronic 
indolent form of leg ischemia is the most common symptom-
atic presentation of PAD and the focus of this discussion. 
Symptomatic chronic PAD manifests as claudication, defined 
as exertional discomfort related to exercise-induced ischemia 
of the lower extremities, or critical limb ischemia, defined 
by rest pain, skin ulceration, or gangrene.8,12 Only ≈20% of 
patients with PAD have leg-specific symptoms of claudication 
or critical limb ischemia,1–3,5 with up to another 50% having 
atypical leg symptoms that interfere with mobility.3,15

Leg-specific symptoms cause major morbidity by affect-
ing pain-free mobility, functional performance, and quality of 
life.16,17 These are less tangible end points than death, stroke, 
or myocardial infarction but are valued highly by patients with 
PAD. Clinical studies assessing the effects of drug and revas-
cularization treatments on leg-specific symptoms or leg pres-
ervation in PAD typically differ in their primary end points. 
Some consensus is needed, particularly with the rapid devel-
opment of new percutaneous therapies, because it will help 
comparisons of different modes of therapy between trials and 
facilitate comparative effectiveness studies.

Functional End Points
In 1999, the multidisciplinary Transatlantic Conference 
published guidelines for clinical trials in PAD recommending 
end points for medical therapies for claudication and surgical 
therapies for critical limb ischemia.7 Since then, trials of 
medical therapy have used standardized measures of functional 
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performance as primary end points such as walking times or 
distances measured by standardized treadmill protocols or a 
6-minute corridor walk.18–30 Studies of patients with critical 
limb ischemia using revascularization or angiogenesis 
trials focus on limb loss (amputation) and ulcer healing.31–33 
However, most percutaneous revascularization trials34–42 but 
not all38,40–42 tend to focus on arterial patency and the need 
for repeat revascularization procedures. The inconsistency 
in outcomes between the various modes of treatment relates 
to the different treatment priorities in claudication compared 
with critical limb ischemia but may also reflect the different 
perspectives and priorities of those who manage PAD. It is 
not surprising that noninvasive clinicians who assess and 
treat PAD with exercise43 gravitate to functional end points, 
whereas invasive clinicians and surgeons focus on end points 
more familiar to their clinical practice such as stenosis severity 
and repeat revascularization.

From the patient’s perspective, the quality of life of clau-
dicants centers on their discomfort during walking, whereas 
patients with critical limb ischemia are concerned with rest 
pain and the risk of limb amputation. Both claudication and 
amputation affect functional performance, independence in 
daily living, and thus quality of life. If function is the common 
goal in assessing limb-specific outcomes, how do anatomic 
end points and repeat revascularization help in assessing treat-
ments for PAD?

Anatomic End Points
Anatomic end points such as degree of lumen narrowing and 
restenosis are arguably surrogate end points because they do 
not directly affect function but relate to mechanisms that might 
affect function. Arterial stenosis or occlusion may lower limb 
blood flow at rest and exercise and are key targets in revascu-
larization strategies for claudication or critical limb ischemia. 
However, the relationship of restenosis or occlusion to symp-
toms and function after revascularization is poorly studied and 
likely to vary between individuals. In studies of PAD patients 
not receiving revascularization, ABI, a measure integrating 
the impact of all stenoses in a limb, is poorly associated with 
function.44,45 Although measures of plaque burden correlate 
with walking distance,46,47 improvement in function occurs 
with exercise training despite no change in ABI.23,28,48 Other 
factors such as the development of collaterals and improve-
ments in endothelial function and skeletal muscle bioenerget-
ics may maintain function in the presence of arterial restenosis 
or occlusion.43 Thus, improving blood flow by revasculariza-
tion usually has a major effect on symptoms and tissue heal-
ing, but the degree of restenosis reflects only 1 parameter 
related to the durability of these outcomes.

Revascularization trials often use noninvasive duplex ultra-
sound or invasive angiography to identify stenoses of >50% 
narrowing compared with a reference segment.32,34,37–40,42,49,50 
However, the physiological significance of a stenosis depends 
on stenosis severity, lesion length, and irregularity, all of 
which contribute to energy loss and decreased pressure and 
flow beyond a stenosis. Although these factors are captured 
in discrete lesions by duplex ultrasound, these parameters 
are deceptive and difficult to assess in long or serial lesions 
and by noninvasive (eg, magnetic resonance or computerized 

tomography angiography) and invasive angiography. A major 
limitation of all imaging modalities is that they assess stenoses 
at rest, which is incongruous with the physiology of claudica-
tion, that is, a symptom occurring with activity, higher blood 
flow rates, and potentially different vasomotor tone compared 
with the resting state.

Arterial stenosis defined by imaging is a powerful incen-
tive for revascularization. In clinical trials of percutaneous 
coronary interventions, subgroups with anatomic restenosis 
defined by routine angiography had higher rates of repeat 
revascularization than subjects followed up clinically without 
imaging.51,52 Thus, identifying anatomic restenosis (typically 
>50%) is in itself a potent driver of repeat revascularization 
and overestimates the clinical failure rate of coronary stent-
ing. There is every reason to expect that routine duplex ultra-
sound or angiography will also overestimate the need for 
repeat revascularization in PAD trials. Most duplex criteria 
for restenosis in PAD trials identify a >50% stenosis and 
were developed from comparisons with angiography after 
femoral revascularization.53–55 Although a >50% stenosis 
defines an anatomic “failure” of revascularization therapy, 
the relationship of >50% stenosis to clinically important 
outcomes (recurrent claudication, delayed healing, or arte-
rial occlusion or thrombosis) is poorly described. This could 
partially explain why restenosis or failed patency defined 
by anatomic parameters sometimes diverges from self-
reported or measured functional assessments of walking in  
revascularization trials.49,50

Some investigators advocate screening for stent fracture 
during follow-up because it is associated with restenosis. 
However, this reflects device durability and a potential mech-
anism of restenosis, which may affect device clearance by 
regulatory bodies. Arguably any clinically important adverse 
effect of stent fracture will be captured by symptom recur-
rence, reduced walking function, or need for revascularization.

Anatomic end points that do not reflect current treatment 
practices are also difficult to interpret. For example, technical 
failure of balloon angioplasty at the initial procedure defined by 
anatomic criteria (eg, abrupt closure, flow-limiting dissection, 
or severe recoil of an artery with a residual significant stenosis) 
would usually be treated by bailout stenting and would not 
contribute to the final end point of a clinical trial. This was the 
approach used in the original coronary stent trials.56,57 In several 
recent PAD trials comparing stents and angioplasty, bailout 
stenting was considered a treatment failure and counted as the 
primary end point.49,50 Including bailout stenting as a primary 
end point substantially inflated the end points in the angioplasty 
group, favoring the new stent design.58,59 This approach makes 
little sense because bailout stenting is considered part of the 
strategy for balloon angioplasty,56,57 and its pathology (abrupt 
closure, dissection, recoil) is very different from restenosis 
and thrombosis, which drives later stent and graft failure.59 The 
rate of bailout stenting varies widely among different studies. 
In 2 earlier PAD stent trials,38,41 bailout stenting was 11% to 
80% lower, respectively, than in recent trials, suggesting that 
bailout stenting is determined by the criteria governing its use 
in clinical trials and variability in their interpretation.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 2, 2022



Kinlay  Outcomes for Clinical Studies of Therapies for PAD    1243

Randomized Versus Historical 
Control Trial Designs

Despite the prevalence of PAD, randomized trials of therapies 
in PAD paradoxically take a long time to recruit subjects and 
are difficult to complete, perhaps because of the “unfounded 
belief of lack of clinical equipoise between randomized treat-
ments that bias physicians and patients.”60 Although the Food 
and Drug Administration permits device evaluation by single-
arm comparisons with historical controls in specified situations 
(eg, prosthetic heart valves),61 this is an unsatisfactory solution 
to PAD therapies in which lack of standardization across trials 
is the rule, particularly for percutaneous treatments.

Furthermore, the objective of device clearance by regu-
latory bodies such as the Food and Drug Administration by 
meeting minimum performance criteria is different from eval-
uating whether a strategy offers clinical benefit beyond usual 
care or other devices. Although some groups support single-
arm studies against optimal performance criteria, particularly 
for PAD device-based therapies,62,63 they may provide an air of 
legitimacy that could bias providers and impede the comple-
tion of randomized trials assessing their efficacy compared 
with standard treatment.

Randomized trials demonstrate successful treatment options 
in PAD and identify treatments that offer no benefit and 
would otherwise squander our limited medical resources.25–27 
Improving the efficiency of study enrollment and completion 
requires us to acknowledge the uncertainty and equipoise in 
many of our novel drug and device treatments. A controversial 
incentive to this approach includes delaying reimbursement 
until randomized trials demonstrate efficacy, an approach 
used to encourage enrollment in trials of carotid stenting in 
the United States.64

Efficacy and Safety
The Transatlantic Conference on Clinical Trial Guidelines 
published in 1999 strongly favored randomized, controlled tri-
als and functional outcomes as primary end points for assess-
ing medical treatment of PAD symptoms.7 These include 
treadmill testing to assess claudication time or distance for 
trials of patients with claudication. More recently, some stud-
ies suggest that other less challenging functional tests such 
as the 6-minute or 4-m walk tests may be better primary end 
points for elderly or infirm subjects in claudication trials.65 
In patients with PAD, these alternative end points are related 
to mortality and cardiovascular events,66,67 as are abnormal 
walking times on treadmill testing.68 Additional assessment of 
quality of life adds a patient perspective to the evaluation of 
treatment and complements the observational data on func-
tion. The central role of functional assessments and quality of 
life is to integrate the effects of restenosis, repeat revascular-
ization, and other factors that could be secondary end points 
in claudication trials.

 In trials of critical limb ischemia, the Transatlantic 
Conference on Clinical Trial Guidelines supported primary 
end points of complete resolution of rest pain, complete ulcer 
healing, and avoidance of major amputation.7 However, doubts 
about the objectivity of measuring pain at rest and partial 
ulcer healing limit the validity of these end points.62 Because 

cardiovascular end points are particularly high in patients with 
critical limb ischemia, they are often considered in composite 
primary or secondary end points for critical limb ischemia.7

Over the last decade, percutaneous revascularization has 
increasingly been a major treatment option for symptomatic 
PAD, but the principles of these guidelines are not always 
used in clinical trials. Other device-related guidelines for 
coronary interventions (Academic Research Consortium)9 
and percutaneous heart valves (Valve Academic Research 
Consortium)10 suggest that end points should relate to the 
pathophysiological mechanisms most likely responsible for 
the clinical outcome and represent essential patient-orientated 
clinical outcomes.9,10 Safety end points concern avoidance of 
short-term device-related or procedural complications9,10 and 
longer-term adverse outcomes regardless of whether they are 
specifically related to the device.9

These device-based recommendations could guide similar 
consensus statements for end points and trial design for percu-
taneous treatments of PAD and expand on current guidelines.7 
Functional end points should be primary measures of efficacy 
in clinical trials and include walking performance in claudica-
tion (eg, peak walking time or 6-minute walking distance) and 
preservation of the limb (avoiding major amputation) in criti-
cal limb ischemia. Safety end points should capture adverse 
events of treatment and may differ according to the treatment. 
For example, in all treatments, death, myocardial infarction, 
and stroke may be considered. In revascularization trials, 
repeat revascularization reflects potentially avoidable use of 
medical resources, and major amputation may be a safety end 
point in claudication trials (as opposed to an efficacy end point 
in trials of critical limb ischemia).

Suggested Efficacy End Points 
in Clinical Studies of PAD

End Points Assessing Walking Function
Measures of walking endurance include peak walking time 
(also called maximum or absolute walking distance) and clau-
dication onset time (also called pain-free, initial, or ischemic 
claudication distance) from standardized treadmill tests and 
the distance covered in a standardized 6-minute walk test.7,69–71 
Walking speed may be assessed by the 4-m walking velocity 
test, and tests of balance and repeated chair rises are exam-
ples of assessments of strength and coordination related to 
mobility.65,72

PAD treadmill testing uses less vigorous protocols than 
coronary stress testing (eg, the Gardner protocol71; Table 1) 
and is used commonly in clinical trials of medical therapy for 
claudication. Compared with constant-load protocols, graded 
treadmill tests start with a lower workload to accommodate 
highly limited patients and progress to higher workloads to 
challenge subjects with higher activity levels and to avoid 
the walk-through phenomenon.7 The claudication onset time 
refers to the time at which claudication is first experienced 
by the subject. The peak walking time is the time when the 
subject cannot walk further because of symptoms. These times 
are sometimes converted to distances based on the constant 
speed of the treadmill. However, this ignores the progressive 
increase in workload in graded treadmill protocols in which 
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the gradient increases at set time intervals. The peak walking 
time is more reproducible than the claudication onset time 
with graded protocols.69,70

Corridor-based tests include the 6-minute walk test, which 
measures walking endurance using a standard protocol in 
which subjects walk up and down a 100-ft hallway for 6 min-
utes after being told to walk as long as possible.65 The end 
point is the distance walked over 6 minutes. It is reproducible 
in patients with PAD65 and is considered less challenging for 
older infirm subjects. The 4-m walking velocity test measures 
the fastest walking velocity over 4 m after subjects are asked 
to walk the distance at their usual pace and at their fastest 
pace.65 The Short Physical Performance Battery is a score 
combining the results of the 4-m walking velocity, time to rise 
from a seated position 5 times, and standing balance.65,72 Thus, 
it measures other aspects of mobility such as balance in addi-
tion to walking performance.

Each of these tests requires subject familiarization and stan-
dardization in multicenter studies to avoid increased variabil-
ity across sites.73 The choice of primary end point depends 
on the study population. Although standardized treadmill tests 
are common and provide the greatest ability to compare dif-
ferent interventions and studies, they may cause anxiety or 
injury in older or more infirm subjects. Thus, in more infirm 
populations, other measures of walking function such as 
the 6-minute walk test may be a more appropriate primary 
end point. A training effect is potentially important in trials 
in which exercise regimens using a treadmill are offered to 
1 treatment arm only (eg, the Claudication: Exercise Versus 
Endoluminal Revascularization [CLEVER] trial).30 This could 
potentially overestimate the benefits of exercise if the primary 
end point is measured by treadmill rather than one of the other 
tests of walking function.

Quality-of-Life Questionnaires
Whereas tests of walking function provide objective mea-
sures by an observer, quality-of-life questionnaires assess 
the subject’s perception of his or her own walking ability 
and the overall impact of disease on the subject’s emotional 
and social well-being. This subject-orientated view provides 

additional information, and quality-of-life questionnaires 
were widely used in earlier studies of PAD.16 Questionnaires 
are either general tools used in a variety of diseases (eg, Short 
Form-36, European Quality of Life Questionnaire) or PAD-
specific questionnaires (eg, Walking Impairment Question-
naire, Peripheral Artery Questionnaire) and are reviewed in 
detail elsewhere.16 Changes in quality-of-life scores as a result 
of successful PAD therapies relate to changes in measures of 
walking function (eg, treadmill walking distance) in many 
trials16,19,24,74–76 but are divergent in others,30 suggesting that 
quality-of-life scores measure dimensions of PAD not always 
captured by functional measures.

Quality-of-life questionnaires are relatively cheap to admin-
ister and interpret compared with other end points but require 
the completion of all items on the questionnaire.73 None of 
the PAD questionnaires are accepted by the Food and Drug 
Administration as patient outcomes for regulatory purposes. 
Thus, they are important secondary end points in clinical 
studies.

Anatomic End Points
Patency of an artery or graft refers to the lack of restenosis 
or need for revascularization. Revascularization may reflect 
restenosis of a target lesion or disease progression causing a 
new lesion in an artery or graft. Patency has its roots in the 
surgical literature when this was the main mode or revascu-
larization. Primary patency refers to “uninterrupted patency” 
in which no procedure (eg, angioplasty or graft revision) is 
required within a graft or its 2 anastomoses over a specified 
length of follow-up.77 Assisted primary patency refers to the 
patency of a graft over time, which may include a procedure to 
correct an abnormality (eg, stenosis) in an open graft, whereas 
secondary patency refers to the patency of a graft over time, 
which includes a procedure to restore flow in an occluded 
graft.77 This terminology extended into the percutaneous lit-
erature, with the additional definition of a >50% stenosis in an 
intervened artery as failed patency.63 As described earlier, the 
legitimacy of this latter definition is questionable because it is 
an imperfect predictor of function, artery or graft occlusion, or 
need for reintervention.

Duplex ultrasound is attractive as an end point to assess 
patency because it is noninvasive. Segments of an artery or 
graft are interrogated by pulsed Doppler to derive peak systolic 
velocities ratios from within a stenosis to the immediate 
proximal nonstenosed reference segment. Different validation 
studies report a wide range of duplex ultrasound velocity ratios 
(1.5–2.5), corresponding to an angiographic lumen stenosis 
of >50%.53,55,78–80 These are derived from studies of native 
disease,55,79 post--balloon angioplasty disease,80 and poststent 
disease53,78 and often from symptomatic subgroups. Different 
ratios are used in different trials, but the relevance of these 
criteria to the recurrence of symptoms or risk of thrombosis is 
less clear.81,82 The only randomized trial to assess the value of 
duplex ultrasound surveillance and a peak systolic ratio >2.0 
in patients receiving bypass grafts for PAD showed no effect 
on graft patency.83 Thus, the specific duplex criteria that relate 
to a clinically important outcome such as recurrent symptoms 
or clinically determined repeat revascularization are uncertain. 
Restenosis provides insight into one potential mechanism of 

Table 1.  The Gardner Graded Exercise Treadmill Protocol  
for PAD

Time, min Speed, mph Grade, %

0 2.0 0

2 2.0 2

4 2.0 4

6 2.0 6

8 2.0 8

10 2.0 10

12 2.0 12

14 2.0 14

16 2.0 16

PAD indicates peripheral artery disease. In the Gardner protocol, the speed is 
a constant 2.0 mph, with an increase in gradient of 2% every 2 minutes.71 The 
Hiatt graded protocol uses a similar concept with a constant speed of 2.0 mph 
and an increase in gradient of 3.5% every 3 minutes.69
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decreased function with a therapy. Thus, it is arguably a better 
secondary end point in PAD revascularization trials.

Repeat Revascularization
Repeat peripheral revascularization is an important end point 
after initial percutaneous or surgical revascularization because 
it exposes patients to additional procedural risks and discom-
fort and reflects a further use of medical resources (ie, an eco-
nomic impact).

Surgical guidelines define major revascularization (new 
surgical bypass graft, use of thrombectomy or thrombolysis, 
or major surgical revision such as an interposition or jump 
graft) or minor revascularization (balloon angioplasty, ather-
ectomy, stenting).62 In an extension of the coronary litera-
ture,9 target lesion revascularization (any repeat percutaneous 
revascularization to the target lesion or bypass surgery to the 
target vessel) and target vessel revascularization (any revas-
cularization to any segment of the target vessel) are com-
mon end points in percutaneous peripheral revascularization 
trials.49,50

A key issue with repeat revascularization is whether it is 
influenced by symptoms or by imaging (duplex ultrasound or 
angiography). Coronary guidelines recommend ascertainment 
of the need for revascularization before routine imaging in tri-
als,9 and similar guidelines are prudent PAD trial protocols.9,62 
Clear guidelines for bailout stenting for patients allocated to 
balloon angioplasty should be described in trial protocols and 
not included as primary end points.

Physiological End Points
The ABI usually changes little, if at all, with medical and 
physical therapies that improve claudication symptoms.69 
However, the ABI should improve with percutaneous or surgi-
cal revascularization and is an objective measure of the rest-
ing gradient in the large and medium arteries as a result of 
atherosclerosis. The ABI can be normal or nearly normal in 
very proximal disease, and the exercise ABI is a more sensi-
tive measure of the physiological significance of obstructive 
disease with maximal or exercise-induced blood flow.84 The 
intraindividual variability of ABI measurement is ≈0.10 to 
0.15,8 and changes greater than this are often used to indi-
cate a clinically significant change. Because past definitions 
of ABI have varied across studies, trials should use a stan-
dard approach (using the highest pedal pressure rather than 
the mean pedal pressure)8,11 and avoid other factors that may 
increase the variability and lower power to find differences in 
studies.73

Classification of Critical Limb Ischemia
The Rutherford classification, commonly used in North Amer-
ica, has 7 categories of PAD, ranging from asymptomatic PAD 
to claudication and critical limb ischemia with ulceration or 
gangrene (Table 2).8 The Fontaine classification, commonly 
used in Europe, has 5 categories (Table 2), which correspond 
to Rutherford categories.8 Critical limb ischemia is defined as 
Fontaine III to IV or Rutherford 4 to 6 categories. Although 
patients with critical limb ischemia have low limb pressures 
(eg, <50-mm Hg ankle pressure or <30-mm Hg toe pressure),8 

these cut points or cut points defined by ABI have varying 
sensitivity and specificity and limit their value as definitions 
of critical limb ischemia.7 However, ABIs are often described 
in trials of critical limb ischemia and are useful for comparing 
baseline characteristics between studies and average changes 
in perfusion with revascularization.

Amputation
When amputation is required in critical limb ischemia, con-
ventional surgical practice aims for the lowest level of ampu-
tation that will heal.8 Minor amputations of the toes or toe 
rays or at the transmetatarsal level generally do not impair 
walking function and do not require prostheses for the patient 
to walk.77 Often considered limb salvage operations,8 they 
are usually not considered in primary end points in trials of 
critical limb ischemia. However, past guidelines propose 
that major amputations (defined as at the ankle or above)7,8,77 
can be included as primary end points. Because criteria for 
amputation and choosing the level of amputation vary, prior 
guidelines recommend that criteria for amputation be clearly 
defined in the study protocol.7

Wound Healing and Pain Relief
Wound healing and relief of rest pain are important end points 
from the patient’s viewpoint but are subject to observer vari-
ability and informative censoring. For example, censoring 
subjects receiving amputation may overestimate the benefit 
of a therapy on wound healing. In this case, amputation is a 
competing risk for wound healing and potentially a marker for 
poor wound healing. Complete wound healing and complete 
relief of pain (without the use of analgesics) are less subject to 
observer variation than partial changes in these end points and 
are recommended measures for these secondary end points in 
prior guidelines.7

Survival and Cardiovascular Events
Studies with interventions designed to target cardiovascular 
disease and death in patients with PAD often use composite 
end points consisting of the first event of cardiovascular death, 
myocardial infarction, stroke, amputation, and coronary 
or peripheral revascularization.7 These may constitute the 
primary efficacy end point in prevention studies but could 
be short-term procedural or operative safety end points in 
revascularization studies or long-term safety end points in all 
studies.

Table 2.  Rutherford Categories and Fontaine Stages of PAD

PAD Classification Clinical Symptom Rutherford Fontaine

Asymptomatic Asymptomatic 0 I

Intermittent claudication Mild claudication 1 IIa

Moderate claudication 2 IIb

Severe claudication 3 IIb

Critical limb ischemia Ischemic rest pain 4 III

Minor tissue loss 5 IV

Ulceration or gangrene 6 IV

PAD indicates peripheral artery disease.
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Suggested Safety End Points in Studies of PAD
Composite safety end points include adverse effects spe-
cific to the treatment, short-term risks of revascularization 
procedures or operations, and long-term outcomes related 
to limb symptoms, limb survival, nonfatal cardiovascular 
events, or death. Prior guidelines for peripheral and coro-
nary percutaneous or surgical revascularization trials define 
short-term risks as those occurring within 30 days of the 
procedure/operation).9,62,77 These aim to capture procedure/
operation-related adverse events and include the composite 
of death, cardiovascular events, and major amputation.7,62 
Trials of angiogenesis have also included potential off-
target responses to growth factors, including malignancy, 
retinopathy (neovascularization), edema, hypotension, and 
proteinuria18

Long-term Efficacy End Points for Clinical 
Trials of Claudication at 1 Year

Tables 3 and 4 suggest long-term clinical outcomes for clini-
cal trials of PAD. They are based on previously published 
recommendations for trials of medical and revascularization 
therapies for PAD and trials of percutaneous coronary and 
valve procedures.7–9,62,77 Table 5 provides a summary of the 
tools used to obtain outcomes in PAD with suggestions for the 
types of trials that may suit the outcome.

Conclusions
Clinical trials of therapies for PAD are required to tackle the 
high morbidity and cost of this disease. In many cases, the 
outcomes used in clinical trials, particularly of percutaneous 

Table 3.  Potential Characteristics of Trials Assessing PAD Symptoms (Not Cardiovascular Morbidity/Mortality) 

Intermittent Claudication Critical Limb Ischemia

Medical Therapies Revascularization Therapies Medical Therapies Revascularization Therapies

Patient selection Intermittent claudication  
for >6 mo and

Intermittent claudication  
for > 6 mo and

Pain at rest or ulceration/gangrene  
of the foot or toes and

Pain at rest or ulceration/gangrene  
of the foot or toes and

ABI <0.9 ABI <0.9 Ankle pressure ≤50-70 mm Hg or  
toe pressure ≤30-50 mm Hg

Ankle pressure ≤50-70 mm Hg or  
toe pressure ≤30-50 mm Hg

Trial design RCT double-blind RCT with at least blinded  
end-point assessment

RCT double-blind RCT with at least blinded  
end-point assessment

Duration 6 mo–1 y 1–2 y 6 mo–1 y 1–2 y

Primary efficacy  
end point

Peak walking time* Peak walking time* Major amputation±death, MI, CVA Major amputation±death, MI, CVA

Secondary end 
points

Claudication onset time Claudication onset time Complete ulcer healing Complete ulcer healing

6-min walk 6-min walk Pain relief Pain relief

Quality of life Quality of life Quality of life Quality of life

ABI indicates ankle-brachial index; CVA, cerebrovascular accident; MI, myocardial infarction; PAD, peripheral artery disease; and RCT, randomized, controlled trial. 
Medical therapies include pharmacological or cell-based therapies; revascularization includes open surgical or percutaneous methods.

*The 6-minute walking distance may be a more appropriate primary end point than peak walking time if the subject group is frail or if exercise therapy with a treadmill 
is in 1 arm of a trial and could lead to a learning/training effect.

Table 4.  Potential Characteristics of Safety End Points in Trials Assessing PAD Symptoms

Intermittent Claudication Critical Limb Ischemia

Medical Therapies Revascularization Therapies Medical Therapies Revascularization Therapies

Duration Duration of trial
1. Related to operation/device 

within 30 d and 2. duration of trial Duration of trial
1. Related to operation/device 

within 30 d and 2. duration of trial

All-cause mortality Considered more unbiased but potentially less specific than cause-specific death

Cardiovascular mortality Cardiac, cerebrovascular, or vascular death or when unequivocal noncardiovascular death cannot be established; assessment 
blinded to treatment allocation

Myocardial infarction Troponin or CK above the upper limit of reference range (99th percentile) and symptoms or ECG changes or loss of viable 
myocardium or pathological findings at autopsy85

TVR or TLR Defined by symptoms and a decrease in ABI >0.158 or functional walking test; assessment blinded to treatment allocation before 
imaging, followed by demonstration of physiologically significant restenosis by imaging/pressure gradient

Major bleed Life-threatening bleed (fatal, into a critical organ, or associated with shock or drop in hemoglobin of >5g/dL) or major bleed (overt 
bleeding with drop in hemoglobin >3.0 g/dL)10

Acute kidney injury Modified RIFLE10

ABI indicates ankle-brachial index; CK, creatine kinase; PAD, peripheral artery disease; RIFLE, risk, injury, failure, loss, and end-stage kidney disease; TLR, target 
lesion revascularization; and TVR, target vessel revascularization. Medical therapies include pharmacological or cell-based therapies; revascularization includes open 
surgical or percutaneous methods.
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therapies, do not reflect the major concern of function and 
symptoms in patients. Older guidelines of medical and surgical 
therapies provide a path to develop more inclusive guidelines 
that are patient-oriented and provide greater standardization of 
outcomes across trials to permit comparisons between different 
therapies. The proposals presented here could form a foundation 
for discussion and agreement among important stakeholders 
such as patient groups, professional societies, government 
representatives (eg, the Centers for Medicaid and Medicare 
Services and the Food and Drug Administration), and industry.﻿﻿﻿﻿‍

Disclosures
This work was supported by Award Number I01CX000440 from the 
Clinical Science Research and Development Service of the VA Office 
of Research and Development.

References
	 1.	 Diehm C, Allenberg JR, Pittrow D, Mahn M, Tepohl G, Haberl RL, Darius 

H, Burghaus I, Trampisch HJ; German Epidemiological Trial on Ankle 
Brachial Index Study Group. Mortality and vascular morbidity in older 
adults with asymptomatic versus symptomatic peripheral artery disease. 
Circulation. 2009;120:2053–2061.

	 2.	 Fowkes FG, Housley E, Cawood EH, Macintyre CC, Ruckley CV, 
Prescott RJ. Edinburgh Artery Study: prevalence of asymptomatic and 

symptomatic peripheral arterial disease in the general population. Int J 
Epidemiol. 1991;20:384–392.

	 3.	 Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA, 
Olin JW, Krook SH, Hunninghake DB, Comerota AJ, Walsh ME, McDer-
mott MM, Hiatt WR. Peripheral arterial disease detection, awareness, and 
treatment in primary care. JAMA. 2001;286:1317–1324.

	 4.	 Margolis J, Barron JJ, Grochulski WD. Health care resources and costs 
for treating peripheral artery disease in a managed care population: re-
sults from analysis of administrative claims data. J Manag Care Pharm. 
2005;11:727–734.

	 5.	 McDermott MM, Liu K, Greenland P, Guralnik JM, Criqui MH, Chan 
C, Pearce WH, Schneider JR, Ferrucci L, Celic L, Taylor LM, Vonesh 
E, Martin GJ, Clark E. Functional decline in peripheral arterial disease: 
associations with the ankle brachial index and leg symptoms. JAMA. 
2004;292:453–461.

	 6.	 2011 ACCF/AHA focused update of the guideline for the management of 
patients with peripheral artery disease (updating the 2005 guideline): a report 
of the American College of Cardiology Foundation/American Heart Associ-
ation Task Force on Practice Guidelines. Circulation. 2011;124:2020–2045.

	 7.	 Labs KH, Dormandy JA, Jaeger KA, Stuerzebecher CS, Hiatt WR. Trans-
atlantic Conference on Clinical Trial Guidelines in Peripheral Arterial Dis-
ease: clinical trial methodology: Basel PAD Clinical Trial Methodology 
Group. Circulation. 1999;100:e75–e81.

	 8.	 Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG; 
TASC II Working Group. Inter-Society Consensus for the Management of Pe-
ripheral Arterial Disease (TASC II). J Vasc Surg. 2007;45(suppl S):S5–S67.

	 9.	 Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es GA, Steg 
PG, Morel MA, Mauri L, Vranckx P, McFadden E, Lansky A, Hamon M, 
Krucoff MW, Serruys PW; Academic Research Consortium. Clinical end 

Table 5.  Tools Used to Measure Outcomes in PAD, and Examples of Trial Designs That Could Use These as Primary or Secondary 
Outcomes

Outcome Category Tool Outcome Variable Potential Trial

Function/observer measures Graded exercise treadmill Time(peak walk time and claudication 
onset time)

Trials in claudication using drugs,26,29 
revascularization, cell-based therapies, or 
exercise24,30*

6-min walk Meters Trials in claudication using drugs, revascularization, 
cell-based therapies, or exercise,19 especially in frail 
populations

4-m walk Meters per second Trials in claudication using drugs, revascularization, 
cell-based therapies, or exercise, especially in frail 
populations

Function/subject perception Quality of life(by domains or  
total score)

Unit score Trials in claudication or critical limb ischemia using 
drugs,29,75 revascularization,49 cell-based therapies, 
or exercise20,30

Clinical Death/myocardial  
infarction/stroke

Absolute incidence and hazard ratio 
(vs comparison treatment using 
survival analysis)

Trials in claudication (safety) or critical limb ischemia 
using drugs,26 revascularization,31,38,41,49,50 cell-based 
therapies, or exercise

Clinically driven repeat 
revascularization†(target lesion/ 
vessel revascularization)

Absolute incidence and hazard ratio 
(vs comparison group using survival 
analysis)

Trials in claudication or critical limb ischemia using 
revascularization (percutaneous or open surgery)

Major amputation† Absolute incidence and hazard ratio 
(vs comparison group using survival 
analysis)

Trials in claudication (safety) or critical limb ischemia 
using drugs, revascularization,31,38,41,49,50 cell-based 
therapies, or exercise

Anatomic Restenosis/graft occlusion Angiography: percent stenosis vs 
reference segment

Mechanistic end point in trials in claudication 
or critical limb ischemia using drugs86 or 
revascularization (percutaneous38,41,49,50 or open 
surgery)31

Duplex ultrasound: percent stenosis 
based on ratio of PSV in lesion to PSV 
in proximal reference segment

PAD indicates peripheral artery disease; and PSV, peak systolic velocity. It is unclear what angiographic restenosis or PSV ratio reflects a clinically important measure 
of restenosis. References are examples of studies using these outcomes.

*Treadmill tests may be biased by a learning effect if the intervention is treadmill-based exercise and offered only to 1 treatment group.
†Revascularization defined by clinical or functional criteria (not imaging) and major amputation determined by prospective criteria.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 2, 2022



1248    Circulation    March 19, 2013

points in coronary stent trials: a case for standardized definitions. Circula-
tion. 2007;115:2344–2351.

	10.	 Leon MB, Piazza N, Nikolsky E, Blackstone EH, Cutlip DE, Kappetein 
AP, Krucoff MW, Mack M, Mehran R, Miller C, Morel MA, Petersen 
J, Popma JJ, Takkenberg JJ, Vahanian A, van Es GA, Vranckx P, Webb 
JG, Windecker S, Serruys PW. Standardized endpoint definitions for 
Transcatheter Aortic Valve Implantation clinical trials: a consensus re-
port from the Valve Academic Research Consortium. J Am Coll Cardiol. 
2011;57:253–269.

	11.	 Aboyans V, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm C, 
Fowkes FG, Hiatt WR, Jönsson B, Lacroix P, Marin B, McDermott MM, 
Norgren L, Pande RL, Preux PM, Stoffers HE, Treat-Jacobson D; Ameri-
can Heart Association Council on Peripheral Vascular Disease; Council on 
Epidemiology and Prevention; Council on Clinical Cardiology; Council 
on Cardiovascular Nursing; Council on Cardiovascular Radiology and In-
tervention; Council on Cardiovascular Surgery and Anesthesia. Measure-
ment and interpretation of the ankle-brachial index: a scientific statement 
from the American Heart Association. Circulation. 2012;126:2890–2909.

	12.	 Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, 
Hiratzka LF, Murphy WR, Olin JW, Puschett JB, Rosenfield KA, Sacks D, 
Stanley JC, Taylor LM Jr, White CJ, White J, White RA, Antman EM, Smith 
SC Jr, Adams CD, Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Hunt SA, 
Jacobs AK, Nishimura R, Ornato JP, Page RL, Riegel B; American Associa-
tion for Vascular Surgery; Society for Vascular Surgery; Society for Cardio-
vascular Angiography and Interventions; Society for Vascular Medicine and 
Biology; Society of Interventional Radiology; ACC/AHA Task Force on 
Practice Guidelines Writing Committee to Develop Guidelines for the Man-
agement of Patients With Peripheral Arterial Disease; American Association 
of Cardiovascular and Pulmonary Rehabilitation; National Heart, Lung, and 
Blood Institute; Society for Vascular Nursing; TransAtlantic Inter-Society 
Consensus; Vascular Disease Foundation. ACC/AHA 2005 practice guide-
lines for the management of patients with peripheral arterial disease (lower 
extremity, renal, mesenteric, and abdominal aortic): a collaborative report 
from the American Association for Vascular Surgery/Society for Vascular 
Surgery, Society for Cardiovascular Angiography and Interventions, Soci-
ety for Vascular Medicine and Biology, Society of Interventional Radiology, 
and the ACC/AHA Task Force on Practice Guidelines (Writing Commit-
tee to Develop Guidelines for the Management of Patients With Peripheral 
Arterial Disease): endorsed by the American Association of Cardiovascular 
and Pulmonary Rehabilitation; National Heart, Lung, and Blood Institute; 
Society for Vascular Nursing; TransAtlantic Inter-Society Consensus; and 
Vascular Disease Foundation. Circulation. 2006;113:e463–e654.

	13.	 MRC/BHF Heart Protection Study of cholesterol lowering with simvas-
tatin in 20,536 high-risk individuals: a randomised placebo-controlled 
trial. Lancet. 2002;360:7–22.

	14.	 Mehler PS, Coll JR, Estacio R, Esler A, Schrier RW, Hiatt WR. Inten-
sive blood pressure control reduces the risk of cardiovascular events in 
patients with peripheral arterial disease and type 2 diabetes. Circulation. 
2003;107:753–756.

	15.	 McDermott MM, Greenland P, Liu K, Guralnik JM, Criqui MH, Dolan NC, 
Chan C, Celic L, Pearce WH, Schneider JR, Sharma L, Clark E, Gibson D, 
Martin GJ. Leg symptoms in peripheral arterial disease: associated clinical 
characteristics and functional impairment. JAMA. 2001;286:1599–1606.

	16.	 Mays RJ, Casserly IP, Kohrt WM, Ho PM, Hiatt WR, Nehler MR, Regen-
steiner JG. Assessment of functional status and quality of life in claudica-
tion. J Vasc Surg. 2011;53:1410–1421.

	17.	 Treat-Jacobson D, Halverson SL, Ratchford A, Regensteiner JG, Lindquist 
R, Hirsch AT. A patient-derived perspective of health-related quality of life 
with peripheral arterial disease. J Nurs Scholarsh. 2002;34:55–60.

	18.	 De Haro J, Acin F, Lopez-Quintana A, Florez A, Martinez-Aguilar E, Va-
rela C. Meta-analysis of randomized, controlled clinical trials in angio-
genesis: gene and cell therapy in peripheral arterial disease. Heart Vessels. 
2009;24:321–328.

	19.	 McDermott MM, Ades P, Guralnik JM, Dyer A, Ferrucci L, Liu K, Nel-
son M, Lloyd-Jones D, Van Horn L, Garside D, Kibbe M, Domanchuk K, 
Stein JH, Liao Y, Tao H, Green D, Pearce WH, Schneider JR, McPherson 
D, Laing ST, McCarthy WJ, Shroff A, Criqui MH. Treadmill exercise and 
resistance training in patients with peripheral arterial disease with and 
without intermittent claudication: a randomized controlled trial. JAMA. 
2009;301:165–174.

	20.	 Collins TC, Lunos S, Carlson T, Henderson K, Lightbourne M, Nelson 
B, Hodges JS. Effects of a home-based walking intervention on mobility 
and quality of life in people with diabetes and peripheral arterial disease: 
a randomized controlled trial. Diabetes Care. 2011;34:2174–2179.

	21.	 Crowther RG, Spinks WL, Leicht AS, Sangla K, Quigley F, Golledge J. 
Effects of a long-term exercise program on lower limb mobility, physi-
ological responses, walking performance, and physical activity levels in 
patients with peripheral arterial disease. J Vasc Surg. 2008;47:303–309.

	22.	 Diehm C, Pittrow D, Lawall H. Effect of nebivolol vs. hydrochlorothiazide 
on the walking capacity in hypertensive patients with intermittent claudi-
cation. J Hypertens. 2011;29:1448–1456.

	23.	 Gardner AW, Katzel LI, Sorkin JD, Bradham DD, Hochberg MC, Flinn 
WR, Goldberg AP. Exercise rehabilitation improves functional outcomes 
and peripheral circulation in patients with intermittent claudication: a ran-
domized controlled trial. J Am Geriatr Soc. 2001;49:755–762.

	24.	 Gardner AW, Parker DE, Montgomery PS, Scott KJ, Blevins SM. Effi-
cacy of quantified home-based exercise and supervised exercise in patients 
with intermittent claudication: a randomized controlled trial. Circulation. 
2011;123:491–498.

	25.	 Hiatt WR, Hirsch AT, Cooke JP, Olin JW, Brater DC, Creager MA. Ran-
domized trial of AT-1015 for treatment of intermittent claudication: a 
novel 5-hydroxytryptamine antagonist with no evidence of efficacy. Vasc 
Med. 2004;9:18–25.

	26.	 Hiatt WR, Hirsch AT, Creager MA, Rajagopalan S, Mohler ER, Ballan-
tyne CM, Regensteiner JG, Treat-Jacobson D, Dale RA, Rooke T. Effect 
of niacin ER/lovastatin on claudication symptoms in patients with periph-
eral artery disease. Vasc Med. 2010;15:171–179.

	27.	 Hiatt WR, Klepack E, Nehler M, Regensteiner JG, Blue J, Imus J, Criqui 
MH. The effect of inhibition of acyl coenzyme A-cholesterol acyltransfer-
ase (ACAT) on exercise performance in patients with peripheral arterial 
disease. Vasc Med. 2004;9:271–277.

	28.	 Hiatt WR, Regensteiner JG, Hargarten ME, Wolfel EE, Brass EP. Benefit 
of exercise conditioning for patients with peripheral arterial disease. Cir-
culation. 1990;81:602–609.

	29.	 Mohler ER III, Gainer JL, Whitten K, Eraso LH, Thanaporn PK, Bauer T. 
Evaluation of trans sodium crocetinate on safety and exercise performance 
in patients with peripheral artery disease and intermittent claudication. 
Vasc Med. 2011;16:346–353.

	30.	 Murphy TP, Cutlip DE, Regensteiner JG, Mohler ER, Cohen DJ, 
Reynolds MR, Massaro JM, Lewis BA, Cerezo J, Oldenburg NC, Thum 
CC, Goldberg S, Jaff MR, Steffes MW, Comerota AJ, Ehrman J, Treat-
Jacobson D, Walsh ME, Collins T, Badenhop DT, Bronas U, Hirsch AT; 
CLEVER Study Investigators. Supervised exercise versus primary stenting 
for claudication resulting from aortoiliac peripheral artery disease: six-
month outcomes from the Claudication: Exercise Versus Endoluminal 
Revascularization (CLEVER) study. Circulation. 2012;125:130–139.

	31.	 Adam DJ, Beard JD, Cleveland T, Bell J, Bradbury AW, Forbes JF, Fowkes 
FG, Gillepsie I, Ruckley CV, Raab G, Storkey H; BASIL Trial Participants. 
Bypass Versus Angioplasty in Severe Ischaemia of the Leg (BASIL): mul-
ticentre, randomised controlled trial. Lancet. 2005;366:1925–1934.

	32.	 Fowkes F, Leng GC. Bypass surgery for chronic lower limb ischaemia. 
Cochrane Database Syst Rev. 2008:CD002000.

	33.	 Sultan S, Hynes N. Five-year Irish trial of CLI patients with TASC II type 
C/D lesions undergoing subintimal angioplasty or bypass surgery based on 
plaque echolucency. J Endovasc Ther. 2009;16:270–283.

	34.	 Duda SH, Bosiers M, Lammer J, Scheinert D, Zeller T, Tielbeek A, 
Anderson J, Wiesinger B, Tepe G, Lansky A, Mudde C, Tielemans H, 
Bérégi JP. Sirolimus-eluting versus bare nitinol stent for obstructive super-
ficial femoral artery disease: the SIROCCO II trial. J Vasc Interv Radiol. 
2005;16:331–338.

	35.	 Duda SH, Pusich B, Richter G, Landwehr P, Oliva VL, Tielbeek A, Wi-
esinger B, Hak JB, Tielemans H, Ziemer G, Cristea E, Lansky A, Bérégi JP. 
Sirolimus-eluting stents for the treatment of obstructive superficial femo-
ral artery disease: six-month results. Circulation. 2002;106:1505–1509.

	36.	 Green RM, Abbott WM, Matsumoto T, Wheeler JR, Miller N, Veith FJ, 
Money S, Garrett HE. Prosthetic above-knee femoropopliteal bypass graft-
ing: five-year results of a randomized trial. J Vasc Surg. 2000;31:417–425.

	37.	 Kedora J, Hohmann S, Garrett W, Munschaur C, Theune B, Gable D. Ran-
domized comparison of percutaneous Viabahn stent grafts vs prosthetic 
femoral-popliteal bypass in the treatment of superficial femoral arterial 
occlusive disease. J Vasc Surg. 2007;45:10–16.

	38.	 Krankenberg H, Schlüter M, Steinkamp HJ, Bürgelin K, Scheinert D, 
Schulte KL, Minar E, Peeters P, Bosiers M, Tepe G, Reimers B, Mahler F, 
Tübler T, Zeller T. Nitinol stent implantation versus percutaneous translu-
minal angioplasty in superficial femoral artery lesions up to 10 cm in length: 
the Femoral Artery Stenting Trial (FAST). Circulation. 2007;116:285–292.

	39.	 Saxon RR, Dake MD, Volgelzang RL, Katzen BT, Becker GJ. Random-
ized, multicenter study comparing expanded polytetrafluoroethylene-
covered endoprosthesis placement with percutaneous transluminal 

D
ow

nloaded from
 http://ahajournals.org by on M

arch 2, 2022



Kinlay  Outcomes for Clinical Studies of Therapies for PAD    1249

angioplasty in the treatment of superficial femoral artery occlusive dis-
ease. J Vasc Interv Radiol. 2008;19:823–832.

	40.	 Schillinger M, Sabeti S, Dick P, Amighi J, Mlekusch W, Schlager O, 
Loewe C, Cejna M, Lammer J, Minar E. Sustained benefit at 2 years of 
primary femoropopliteal stenting compared with balloon angioplasty with 
optional stenting. Circulation. 2007;115:2745–2749.

	41.	 Schillinger M, Sabeti S, Loewe C, Dick P, Amighi J, Mlekusch W, 
Schlager O, Cejna M, Lammer J, Minar E. Balloon angioplasty versus 
implantation of nitinol stents in the superficial femoral artery. N Engl J 
Med. 2006;354:1879–1888.

	42.	 Twine CP, Coulston J, Shandall A, McLain AD. Angioplasty versus stent-
ing for superficial femoral artery lesions. Cochrane Database Syst Rev. 
2009:CD006767.

	43.	 Hamburg NM, Balady GJ. Exercise rehabilitation in peripheral artery 
disease: functional impact and mechanisms of benefits. Circulation. 
2011;123:87–97.

	44.	 Atkins LM, Gardner AW. The relationship between lower extremity 
functional strength and severity of peripheral arterial disease. Angiology. 
2004;55:347–355.

	45.	 Szuba A, Oka RK, Harada R, Cooke JP. Limb hemodynamics are not 
predictive of functional capacity in patients with PAD. Vasc Med. 
2006;11:155–163.

	46.	 Anderson JD, Epstein FH, Meyer CH, Hagspiel KD, Wang H, Berr SS, 
Harthun NL, Weltman A, Dimaria JM, West AM, Kramer CM. Multifac-
torial determinants of functional capacity in peripheral arterial disease: 
uncoupling of calf muscle perfusion and metabolism. J Am Coll Cardiol. 
2009;54:628–635.

	47.	 McDermott MM, Liu K, Carroll TJ, Tian L, Ferrucci L, Li D, Carr J, Gu-
ralnik JM, Kibbe M, Pearce WH, Yuan C, McCarthy W, Kramer CM, Tao 
H, Liao Y, Clark ET, Xu D, Berry J, Orozco J, Sharma L, Criqui MH. 
Superficial femoral artery plaque and functional performance in peripheral 
arterial disease: Walking and Leg Circulation Study (WALCS III). JACC 
Cardiovasc Imaging. 2011;4:730–739.

	48.	 Gardner AW, Montgomery PS, Flinn WR, Katzel LI. The effect of exercise 
intensity on the response to exercise rehabilitation in patients with inter-
mittent claudication. J Vasc Surg. 2005;42:702–709.

	49.	 Dake MD, Ansel GM, Jaff MR, Ohki T, Saxon RR, Smouse HB, Zeller 
T, Roubin GS, Burket MW, Khatib Y, Snyder SA, Ragheb AO, White JK, 
Machan LS; Zilver PTX Investigators. Paclitaxel-eluting stents show su-
periority to balloon angioplasty and bare metal stents in femoropopliteal 
disease: twelve-month Zilver PTX randomized study results. Circ Cardio-
vasc Interv. 2011;4:495–504.

	50.	 Laird JR, Katzen BT, Scheinert D, Lammer J, Carpenter J, Buchbinder 
M, Dave R, Ansel G, Lansky A, Cristea E, Collins TJ, Goldstein J, Jaff 
MR; RESILIENT Investigators. Nitinol stent implantation versus balloon 
angioplasty for lesions in the superficial femoral artery and proximal pop-
liteal artery: twelve-month results from the RESILIENT randomized trial. 
Circ Cardiovasc Interv. 2010;3:267–276.

	51.	 Pinto DS, Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C, 
Mann JT, Mehran R, Na Y, Turco M, Caputo R, Popma JJ, Cutlip DE, 
Russell ME, Cohen DJ; TAXUS-IV Investigators. Impact of routine an-
giographic follow-up on the clinical benefits of paclitaxel-eluting stents: 
results from the TAXUS-IV trial. J Am Coll Cardiol. 2006;48:32–36.

	52.	 Serruys PW, van Hout B, Bonnier H, Legrand V, Garcia E, Macaya C, 
Sousa E, van der Giessen W, Colombo A, Seabra-Gomes R, Kiemeneij F, 
Ruygrok P, Ormiston J, Emanuelsson H, Fajadet J, Haude M, Klugmann 
S, Morel MA. Randomised comparison of implantation of heparin-coated 
stents with balloon angioplasty in selected patients with coronary artery 
disease (Benestent II). Lancet. 1998;352:673–681.

	53.	 Kawarada O, Higashimori A, Noguchi M, Waratani N, Yoshida M, Fuji-
hara M, Yokoi Y, Honda Y, Fitzgerald PJ. Duplex criteria for in-stent re-
stenosis in the superficial femoral artery [published online ahead of print 
November 28, 2012]. Catheter Cardiovasc Interv. doi:10.1002/ccd.24509.

	54.	 Langenberger H, Schillinger M, Plank C, Sabeti S, Dick P, Cejna M, 
Lammer J, Minar E, Loewe C. Agreement of duplex ultrasonography vs. 
computed tomography angiography for evaluation of native and in-stent 
SFA re-stenosis: findings from a randomized controlled trial. Eur J Radiol. 
2012;81:2265–2269.

	55.	 Schlager O, Francesconi M, Haumer M, Dick P, Sabeti S, Amighi J, Mle-
kusch W, Koppensteiner R, Minar E, Schillinger M. Duplex sonography 
versus angiography for assessment of femoropopliteal arterial disease in a 
“real-world” setting. J Endovasc Ther. 2007;14:452–459.

	56.	 Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn I, 
Detre K, Veltri L, Ricci D, Nobuyoshi M. A randomized comparison of 
coronary-stent placement and balloon angioplasty in the treatment of 

coronary artery disease. Stent Restenosis Study Investigators. N Engl J 
Med. 1994;331:496–501.

	57.	 Serruys PW, de Jaegere P, Kiemeneij F, Macaya C, Rutsch W, Heyndrickx 
G, Emanuelsson H, Marco J, Legrand V, Materne P. A comparison of bal-
loon-expandable-stent implantation with balloon angioplasty in patients 
with coronary artery disease: Benestent Study Group. N Engl J Med. 
1994;331:489–495.

	58.	 Chalmers N. Letter by Chalmers regarding article “Nitinol stent implanta-
tion versus balloon angioplasty for lesions in the superficial femoral artery 
and proximal popliteal artery: twelve-month results from the RESILIENT 
randomized trial.” Circ Cardiovasc Interv. 2010;3:e22; author reply e23.

	59.	 Kinlay S. Grasping the nettle and femoral artery stenting. Circ Cardiovasc 
Interv. 2011;4:407–409.

	60.	 Abbott JD. Lessons learned from recent randomized clinical trials for in-
termittent claudication. Circ Cardiovasc Interv. 2012;5:139–141.

	61.	 Chen E, Sapirstein W, Ahn C, Swain J, Zuckerman B. FDA perspective 
on clinical trial design for cardiovascular devices. Ann Thorac Surg. 
2006;82:773–775.

	62.	 Conte MS, Geraghty PJ, Bradbury AW, Hevelone ND, Lipsitz SR, Moneta 
GL, Nehler MR, Powell RJ, Sidawy AN. Suggested objective performance 
goals and clinical trial design for evaluating catheter-based treatment of 
critical limb ischemia. J Vasc Surg. 2009;50:1462–1473.e1-e3.

	63.	 Rocha-Singh KJ, Jaff MR, Crabtree TR, Bloch DA, Ansel G; VIVA Physi-
cians, Inc. Performance goals and endpoint assessments for clinical trials 
of femoropopliteal bare nitinol stents in patients with symptomatic periph-
eral arterial disease. Catheter Cardiovasc Interv. 2007;69:910–919.

	64.	 Halm EA. Carotid stenting at the crossroads: practice makes per-
fect, but some may be practicing too much (and not enough). JAMA. 
2011;306:1378–1380.

	65.	 McDermott MM, Ades PA, Dyer A, Guralnik JM, Kibbe M, Criqui MH. 
Corridor-based functional performance measures correlate better with 
physical activity during daily life than treadmill measures in persons with 
peripheral arterial disease. J Vasc Surg. 2008;48:1231–1237, 1237.e1.

	66.	 Beatty AL, Schiller NB, Whooley MA. Six-minute walk test as a prog-
nostic tool in stable coronary heart disease: data from the Heart and Soul 
Study. Arch Intern Med. 2012;172:1096–1102.

	67.	 McDermott MM, Tian L, Liu K, Guralnik JM, Ferrucci L, Tan J, Pearce 
WH, Schneider JR, Criqui MH. Prognostic value of functional perfor-
mance for mortality in patients with peripheral artery disease. J Am Coll 
Cardiol. 2008;51:1482–1489.

	68.	 de Liefde II, Hoeks SE, van Gestel YR, Klein J, Bax JJ, Verhagen HJ, van 
Domburg RT, Poldermans D. The prognostic value of impaired walking 
distance on long-term outcome in patients with known or suspected pe-
ripheral arterial disease. Eur J Vasc Endovasc Surg. 2009;38:482–487.

	69.	 Hiatt WR, Hirsch AT, Regensteiner JG, Brass EP. Clinical trials for claudi-
cation: assessment of exercise performance, functional status, and clinical 
end points: Vascular Clinical Trialists. Circulation. 1995;92:614–621.

	70.	 Nicolaï SP, Viechtbauer W, Kruidenier LM, Candel MJ, Prins MH, Teijink 
JA. Reliability of treadmill testing in peripheral arterial disease: a meta-
regression analysis. J Vasc Surg. 2009;50:322–329.

	71.	 Gardner AW, Skinner JS, Cantwell BW, Smith LK. Progressive vs single-
stage treadmill tests for evaluation of claudication. Med Sci Sports Exerc. 
1991;23:402–408.

	72.	 Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-
extremity function in persons over the age of 70 years as a predictor of 
subsequent disability. N Engl J Med. 1995;332:556–561.

	73.	 Hiatt WR, Cox L, Greenwalt M, Griffin A, Schechter C. Quality of the as-
sessment of primary and secondary endpoints in claudication and critical 
leg ischemia trials. Vasc Med. 2005;10:207–213.

	74.	 Mazari FA, Carradice D, Rahman MN, Khan JA, Mockford K, Mehta T, 
McCollum PT, Chetter IC. An analysis of relationship between quality of 
life indices and clinical improvement following intervention in patients 
with intermittent claudication due to femoropopliteal disease. J Vasc Surg. 
2010;52:77–84.

	75.	 Regensteiner JG, Ware JE Jr, McCarthy WJ, Zhang P, Forbes WP, Heck-
man J, Hiatt WR. Effect of cilostazol on treadmill walking, community-
based walking ability, and health-related quality of life in patients with 
intermittent claudication due to peripheral arterial disease: meta-analysis 
of six randomized controlled trials. J Am Geriatr Soc. 2002;50:1939–1946.

	76.	 Safley DM, House JA, Laster SB, Daniel WC, Spertus JA, Marso SP. Quan-
tifying improvement in symptoms, functioning, and quality of life after pe-
ripheral endovascular revascularization. Circulation. 2007;115:569–575.

	77.	 Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn S, Jones 
DN. Recommended standards for reports dealing with lower extremity 
ischemia: revised version. J Vasc Surg. 1997;26:517–538.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 2, 2022



1250    Circulation    March 19, 2013

	78.	 Baril DT, Rhee RY, Kim J, Makaroun MS, Chaer RA, Marone LK. Duplex 
criteria for determination of in-stent stenosis after angioplasty and stenting 
of the superficial femoral artery. J Vasc Surg. 2009;49:133–138.

	79.	 Ranke C, Creutzig A, Alexander K. Duplex scanning of the peripheral ar-
teries: correlation of the peak velocity ratio with angiographic diameter 
reduction. Ultrasound Med Biol. 1992;18:433–440.

	80.	 Shrikhande GV, Graham AR, Aparajita R, Gallagher KA, Morrissey NJ, 
McKinsey JF, Dayal R. Determining criteria for predicting stenosis with 
ultrasound duplex after endovascular intervention in infrainguinal lesions. 
Ann Vasc Surg. 2011;25:454–460.

	81.	 Musicant SE, Giswold ME, Olson CJ, Landry GJ, Taylor LM Jr, Yeager 
RA, Edwards JM, Moneta GL. Postoperative duplex scan surveillance of 
axillofemoral bypass grafts. J Vasc Surg. 2003;37:54–61.

	82.	 Robison JG, Elliott BM. Does postoperative surveillance with duplex scan-
ning identify the failing distal bypass? Ann Vasc Surg. 1991;5:182–185.

	83.	 Davies AH, Hawdon AJ, Sydes MR, Thompson SG; VGST Participants. 
Is duplex surveillance of value after leg vein bypass grafting? Principal 
results of the Vein Graft Surveillance Randomised Trial (VGST). Circula-
tion. 2005;112:1985–1991.

	84.	 Aboyans V, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm 
C, Fowkes FG, Hiatt WR, Jonsson B, Lacroix P, Marin B, McDermott 
MM, Norgren L, Pande RL, Preux PM, Stoffers HE, Treat-Jacobson 

D. Measurement and interpretation of the ankle-brachial index: A sci-
entific statement from the american heart association. Circulation. 
2012;126:2890–2909.

	85.	 Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, 
Katus HA, Lindahl B, Morrow DA, Clemmensen PM, Johanson P, Hod H, 
Underwood R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ, Fox KA, Atar D, 
Newby LK, Galvani M, Hamm CW, Uretsky BF, Steg PG, Wijns W, Bas-
sand JP, Menasché P, Ravkilde J, Ohman EM, Antman EM, Wallentin LC, 
Armstrong PW, Simoons ML, Januzzi JL, Nieminen MS, Gheorghiade M, 
Filippatos G, Luepker RV, Fortmann SP, Rosamond WD, Levy D, Wood 
D, Smith SC, Hu D, Lopez-Sendon JL, Robertson RM, Weaver D, Ten-
dera M, Bove AA, Parkhomenko AN, Vasilieva EJ, Mendis S; Joint ESC/
ACCF/AHA/WHF Task Force for the Universal Definition of Myocardial 
Infarction. Third universal definition of myocardial infarction. Circula-
tion. 2012;126:2020–2035.

	86.	 Efficacy of oral anticoagulants compared with aspirin after infrainguinal 
bypass surgery (the Dutch Bypass Oral Anticoagulants or Aspirin Study): 
a randomised trial. Lancet. 2000;355:346–351.

Key Words:  biological markers ◼ clinical trial ◼ guideline ◼ outcome 
assessment (health care) ◼ peripheral arterial disease ◼ peripheral vascular 
diseases

D
ow

nloaded from
 http://ahajournals.org by on M

arch 2, 2022


