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Introduction

The Trans-Atlantic Inter-Society Consensus Document
on Management of Peripheral Arterial Disease (TASC)
was published in January 2000' as a result of cooper-
ation between fourteen medical and surgical vascular,
cardiovascular, vascular radiology and cardiology so-
cieties in Europe and North America. This comprehen-
sive document had a major impact on vascular care
amongst specialists. In subsequent years, the field
has progressed with the publication of the CoCalLis
document* and the American College of Cardiology/
American Heart Association Guidelines for the Man-
agement of Peripheral Arterial Disease.” Aiming to
continue to reach a readership of vascular specialists,
but also physicians in primary health care who see pa-
tients with peripheral arterial disease (PAD), another
consensus process was initiated during 2004. This
new consensus document has been developed with
a broader international representation, including
Europe, North America, Asia, Africa and Australia,
and with a much larger distribution and dissemination
of the information. The goals of this new consensus are
to provide an abbreviated document (compared with
the publication in 2000), to focus on key aspects of di-
agnosis and management, and to update the informa-
tion based on new publications and the newer
guidelines, but not to add an extensive list of refer-
ences. Unreferenced statements are, therefore, to be
found, provided they are recognized as common prac-
tice by the authors, with existing evidence. The

*Corresponding authors.
E-mail addresses: lars.norgren@orebroll.se, will hiatt@uchsc.edu

recommendations are graded according to levels of ev-
idence. It should also be emphasized that good practice
is based on a combination of the scientific evidence
described below, patients” preferences, and local avail-
ability of facilities and trained professionals. Good
practice also includes appropriate specialist referral.

Process

Representatives of sixteen societies from Europe, North
America, Australia, South Africa and Japan were elec-
ted from their respective society and were called
together in 2004 to form the new Working Group. Spe-
cialists in health economics, health outcomes and
evidence-based medicine were also included to elabo-
rate on the text for the following sections: history,
epidemiology and risk factors; management of
risk factors; intermittent claudication; critical limb
ischemia; acute limb ischemia; and technologies
(intervention/revascularization and imaging).

The Working Group reviewed the literature and, af-
ter extensive correspondence and meetings, proposed
a series of draft documents with clear recommenda-
tions for the diagnosis and treatment of PAD. Each
participating society reviewed and commented on
these draft consensus documents. The liaison member
from each society then took these views back to the
Working Group, where all of the amendments, addi-
tions and alterations suggested by each participating
society were discussed, and the final Consensus
Document was agreed upon.

The participating societies were then again invited
to review the final document and endorse it if they
agreed with its contents. If an individual participating

Eur J Vasc Endovasc Surg Vol 33, Supplement 1, 2007
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society did not accept any specific recommendation,
this is clearly indicated in the final document.
Therefore, except where such specific exclusions are
indicated, this Consensus Document represents the
views of all of the participating societies.

Compared with the original TASC, more emphasis
has been put on diabetes and PAD. The text is pre-
sented in such a way that vascular specialists will still
find most of the information they require, while gen-
eral practitioners and primary health physicians will
easily find guidance for diagnosis and diagnostic pro-
cedures, referral of patients and expected outcome of
various treatment options.

Grading of recommendations

Recommendations and selected statements are rated
according to guidance issued by the former US Agency
for Health Care Policy and Research,6 now renamed
the Agency for Healthcare Research and Quality:

Grade

A Based on the criterion of at least
one randomized, controlled clinical trial as
part of the body of literature of overall
good quality and consistency addressing
the specific recommendation

B Based on well-conducted clinical studies
but no good quality randomized clinical
trials on the topic of recommendation

C Based on evidence obtained from expert
committee reports or opinions and/or
clinical experiences of respected
authorities (i.e. no applicable studies of
good quality)

Recommendation

Note that the grade of recommendation is based on the
level of available evidence and does not necessarily
relate to the clinical importance.
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SECTION A — EPIDEMIOLOGY OF PERIPHERAL
ARTERIAL DISEASE

A1 Epidemiology

The management of the patient with peripheral arte-
rial disease (PAD) has to be planned in the context
of the epidemiology of the disease, its natural history
and, in particular, the modifiable risk factors for the
systemic disease as well as those that predict deteri-
oration of the circulation to the limb.

A1.1 Incidence and prevalence of asymptomatic
peripheral arterial disease

Total disease prevalence based on objective testing has
been evaluated in several epidemiologic studies and is
in the range of 3% to 10%, increasing to 15% to 20% in
persons over 70 years.”° The prevalence of asymptom-
atic PAD in the leg can only be estimated by using non-
invasive measurements in a general population. The
most widely used test is the measurement of
the ankle-brachial systolic pressure index (ABI). (For
detailed discussion of the ABI, see Section C2.1.) A
resting ABI of <0.90 is caused by hemodynamically-
significant arterial stenosis and is most often used as
a hemodynamic definition of PAD. In symptomatic
individuals, an ABI <0.90 is approximately 95% sensi-
tive in detecting arteriogram-positive PAD and almost
100% specific in identifying healthy individuals. Using
this criterion, several studies have looked at symptom-
atic and asymptomatic PAD patients in the same popu-
lation. The ratio of the two is independent of age and is
usually in the range of 1:3 to 1:4. The Edinburgh Artery
Study found that, using duplex scanning, a third of the
patients with asymptomatic PAD had a complete occlu-
sion of a major artery to the leg.' The PARTNERS (PAD
Awareness, Risk, and Treatment: New Resources for
Survival) study screened 6979 subjects for PAD using
the ABI (with PAD defined as an ABI of <0.90 or a prior
history of lower extremity revascularization). Subjects
were evaluated if they were aged >70 years or aged
50—69 years with a risk factor for vascular disease
(smoking, diabetes) in 320 primary care practices in
the United States."” PAD was detected in 1865 patients
which was 29% of the total population. Classic claudi-
cation was present in 5.5% of the newly diagnosed pa-
tients with PAD and 12.6% of the patients with a prior
diagnosis of PAD had claudication. The National
Health and Nutritional Examination Survey recently
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reported on an unselected population of 2174 subjects
aged >40 years.” The prevalence of PAD, as defined
by an ABI of <0.90, ranged from 2.5% in the age group
50—59 years to 14.5% in subjects >70 years (there was
no information about the proportion of subjects with
an ABI of <0.90 who had symptoms in the legs). In au-
topsies of unselected adults, 15% of men and 5% of
women who were asymptomatic, had a 50% or greater
stenosis of an artery to the leg. It is interesting to com-
pare this with the finding that 20% to 30% of subjects
with complete occlusion of at least one coronary artery
on autopsy are asymptomatic. Some of the apparent
inconsistency regarding data on the prevalence of
symptomatic PAD is due to methodology, but in sum-
mary it can be concluded that for every patient with
symptomatic PAD there are another three to four sub-
jects with PAD who do not meet the clinical criteria
for intermittent claudication.

A1.2 Incidence and prevalence of symptomatic
peripheral arterial disease

Intermittent claudication (IC) (see section C1.1 for def-
inition) is usually diagnosed by a history of muscular
leg pain on exercise that is relieved by a short rest.
Several questionnaires have been developed for epi-
demiological use. In looking at methods for identify-
ing IC in the population, it must be remembered
that while it is the main symptom of PAD, the mea-
surement of this symptom does not always predict
the presence or absence of PAD. A patient with quite
severe PAD may not have the symptom of IC because
some other condition limits exercise or they are seden-
tary. In contrast, some patients with what seems to be
IC may not have PAD (for example, spinal stenosis
can produce symptoms like IC in the absence of

Prevalence (%)

30-34 35-39 40-44  45-49

S7

vascular disease). Likewise, patients with very mild
PAD may develop symptoms of IC only when they
become very physically active.

The annual incidence of IC is more difficult to mea-
sure and probably less important than its prevalence
(unlike the case of the relatively very much smaller
number of patients with critical limb ischemia [CLI]).
The prevalence of IC would appear to increase from
about 3% in patients aged 40 to 6% in patients aged
60 years. Several large population studies have looked
at the prevalence of IC and Fig. Al shows a calculated
mean prevalence weighted by study sample size. In the
relatively younger age groups, claudication is more
common in men but at older ages there is little differ-
ence between men and women. A surprising finding
in population screening studies is that between 10%
and 50% of patients with IC have never consulted
a doctor about their symptoms.

A1.3 Epidemiology of peripheral arterial disease
in different ethnic groups

Non-white ethnicity is a risk factor for PAD. Black
ethnicity increases the risk of PAD by over two-fold,
and this risk is not explained by higher levels of other
risk factors such as diabetes, hypertension or obesity."?
A high prevalence of arteritis affecting the distal arteries
of young black South Africans has also been described.

A2 Risk Factors for Peripheral Arterial Disease

Although the various factors described in this section
are usually referred to as risk factors, in most cases the
evidence is only for an association. The criteria used
to support a risk factor require a prospective, con-
trolled study showing that altering the factor alters

50-54 55-59 60-64 65-69 70-74

Age-group

Fig. A1. Weighted mean prevalence of intermittent claudication (symptomatic PAD) in large population-based studies.
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the development or course of the PAD, such as has
been shown for smoking cessation or treatment of dys-
lipidemia. Risk may be conferred by other metabolic
or circulatory abnormalities associated with diabetes.

A2.1 Race

The National Health and Nutrition Examination Sur-
vey in the United States found that an ABI <0.90 was
more common in non-Hispanic Blacks (7.8%) than in
Whites (4.4%). Such a difference in the prevalence of
PAD was confirmed by the recent GENOA (Genetic Ep-
idemiology Network of Arteriopathy) study,'® which
also showed that the difference was not explained by
a difference in classical risk factors for atherosclerosis.

A2.2 Gender

The prevalence of PAD, symptomatic or asymptom-
atic, is slightly greater in men than women, particu-
larly in the younger age groups. In patients with IC,
the ratio of men to women is between 1:1 and 2:1.
This ratio increases in some studies to at least 3:1 in
more severe stages of the disease, such as chronic
CLL Other studies have, however, shown a more equal
distribution of PAD between genders and even a
predominance of women with CLL

A2.3 Age

The striking increase in both the incidence and preva-
lence of PAD with increasing age is apparent from the
earlier discussion of epidemiology (Fig. A1).

A2.4 Smoking

The relationship between smoking and PAD has been
recognized since 1911, when Erb reported that IC
was three-times more common among smokers than
among non-smokers. Interventions to decrease or
eliminate cigarette smoking have, therefore, long
been advocated for patients with IC. It has been sug-
gested that the association between smoking and PAD
may be even stronger than that between smoking
and coronary artery disease (CAD). Furthermore, a
diagnosis of PAD is made approximately a decade
earlier in smokers than in non-smokers. The severity
of PAD tends to increase with the number of cigarettes
smoked. Heavy smokers have a four-fold higher risk
of developing IC compared with non-smokers.
Smoking cessation is associated with a decline in the
incidence of IC. Results from the Edinburgh Artery
Study'® found that the relative risk of IC was 3.7 in

Eur J Vasc Endovasc Surg Vol 33, Supplement 1, 2007

smokers compared with 3.0 in ex-smokers (who had
discontinued smoking for less than 5 years).

A2.5 Diabetes mellitus

Many studies have shown an association between
diabetes mellitus and the development of PAD. Over-
all, IC is about twice as common among diabetic
patients than among non-diabetic patients. In patients
with diabetes, for every 1% increase in hemoglobin
Alc there is a corresponding 26% increased risk of
PAD.'" Over the last decade, mounting evidence has
suggested that insulin resistance plays a key role in
a clustering of cardiometabolic risk factors which
include hyperglycemia, dyslipidemia, hypertension
and obesity. Insulin resistance is a risk factor for
PAD even in subjects without diabetes, raising the
risk approximately 40% to 50%.'° PAD in patients
with diabetes is more aggressive compared to non-
diabetics, with early large vessel involvement coupled
with distal symmetrical neuropathy. The need for
a major amputation is five- to ten-times higher in
diabetics than non-diabetics. This is contributed to
by sensory neuropathy and decreased resistance to
infection. Based on these observations, a consensus
statement from the American Diabetes Association
recommends PAD screening with an ABI every 5 years
in patients with diabetes.'®

A2.6 Hypertension

Hypertension is associated with all forms of cardio-
vascular disease, including PAD. However, the rela-
tive risk for developing PAD is less for hypertension
than diabetes or smoking.

A2.7 Dyslipidemia

In the Framingham study, a fasting cholesterol level
greater than 7 mmol/L (270 mg/dL) was associated
with a doubling of the incidence of IC but the ratio
of total to high-density lipoprotein (HDL) cholesterol
was the best predictor of occurrence of PAD. In an-
other study, patients with PAD had significantly
higher levels of serum triglycerides, very low-density
lipoprotein (VLDL) cholesterol, VLDL triglycerides,
VLDL proteins, intermediate density lipoprotein
(IDL) cholesterol, and IDL triglycerides and lower
levels of HDL than controls."”” Although some studies
have also shown that total cholesterol is a powerful
independent risk factor for PAD, others have failed
to confirm this association. It has been suggested that
cigarette smoking may enhance the effect of
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hypercholesterolemia. There is evidence that treat-
ment of hyperlipidemia reduces both the progression
of PAD and the incidence of IC. An association be-
tween PAD and hypertriglyceridemia has also been re-
ported and has been shown to be associated with the
progression and systemic complications of PAD. Lipo-
protein(a) is a significant independent risk factor for
PAD.

A2.8 Inflammatory markers

Some recent studies have shown that C-reactive pro-
tein (CRP) was raised in asymptomatic subjects who
in the subsequent five years developed PAD com-
pared to an age-matched control group who remained
asymptomatic. The risk of developing PAD in the
highest quartile of baseline CRP was more than twice
that in the lowest quartile.'®

A2.9 Hyperviscosity and hypercoagulable states

Raised hematocrit levels and hyperviscosity have been
reported in patients with PAD, possibly as a conse-
quence of smoking. Increased plasma levels of fibrino-
gen, which is also a risk factor for thrombosis, have
been associated with PAD in several studies. Both
hyperviscosity and hypercoagulability have also been
shown to be markers or risk factors for a poor
prognosis.

A2.10 Hyperhomocysteinemia

The prevalence of hyperhomocysteinemia is high in the
vascular disease population, compared with 1% in the
general population. It is reported that hyperhomo-
cysteinemia is detected in about 30% of young patients
with PAD. The suggestion that hyperhomocysteinemia
may be an independent risk factor for atherosclerosis
has now been substantiated by several studies. It may
be a stronger risk factor for PAD than for CAD.

A2.11 Chronic renal insufficiency

There is an association of renal insufficiency with PAD,
with some recent evidence suggesting it may be causal.
In the HERS study (Heart and Estrogen/Progestin
Replacement Study), renal insufficiency was inde-
pendently associated with future PAD events in
postmenopausal women. '

A2.12 Summary

Fig. A2 summarizes graphically the approximate influ-
ence or association between some of the above factors
and PAD, taking a global view of the existing evidence.

A3 Fate of the Leg
A3.1 Asymptomatic

Evidence suggests that the progression of the under-
lying PAD is identical whether or not the subject has
symptoms in the leg. There is nothing to suggest
that the risk of local deterioration, with progression
to CLI, is dependent on the presence or absence of
symptoms of intermittent claudication. Whether
symptoms develop or not depends largely on the level
of activity of the subject. This is one of the reasons
why some patients’ initial presentation is with CLI,
in the absence of any earlier IC. For example, a patient
who has a reduction in their ABI just above the ische-
mic rest pain level but who is too sedentary to claudi-
cate, may develop CLI because of wounds resulting
from relatively minor (often self inflicted) trauma

Odds ratio

1 2 3 4
1 1 1

Male gender (cf female) -

Age (per 10 years)
Diabetes

Smoking
Hypertension

Dyslipidemia

Hyperhomocysteinemia _

Race (Asian/hispanic/
black vs. white)

C-reactive protein -
Fig. A2. Approximate range of odds ratios for risk factors
for symptomatic peripheral arterial disease. Treatment of

risk factors and the effect on the outcomes of PAD are
described in Chapter B.

Renal insufficiency
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that can not heal at this level of perfusion. It is impor-
tant to detect this subgroup of patients at a time when
protective foot care and risk factor control have their
greatest potential to ameliorate outcomes. Functional
decline over two years is related to baseline ABI and
the nature of the presenting limb symptoms.”’ A
lower ABI was associated with a more rapid decline
in, for example, 6-minute walk distance.

A3.2 Intermittent claudication

Although PAD is progressive in the pathological
sense, its clinical course as far as the leg is concerned
is surprisingly stable in most cases. However, the
symptomatic PAD patient continues to have signifi-
cant functional disability. Large population studies
provide the most reliable figures. All of the evidence
over the last 40 years since the classic study by Bloor
has not materially altered the impression that only
about a quarter of patients with IC will ever signifi-
cantly deteriorate. This symptomatic stabilization
may be due to the development of collaterals, meta-
bolic adaptation of ischemic muscle, or the patient
altering his or her gait to favor non-ischemic muscle
groups. The remaining 25% of patients with IC

L. Norgren and W. R. Hiatt et al.

deteriorate in terms of clinical stage; this is most fre-
quent during the first year after diagnosis (7%—9%)
compared with 2% to 3% per year thereafter. This clin-
ical stability is relevant to the patient’s perception of
their severity of claudication. When these patients
have a comprehensive assessment of their actual func-
tional status, measured walking distance does
progressively deteriorate over time.*

More recent reviews also highlight that major am-
putation is a relatively rare outcome of claudication,
with only 1% to 3.3% of patients with IC needing ma-
jor amputation over a 5-year period. The Basle and
Framingham studies,*’*> which are the two large-
scale studies that have looked at unselected patients,
found that less than 2% of PAD patients required ma-
jor amputation. Although amputation is the major
fear of patients told that they have circulatory disease
of the legs, they can be assured that this is an unlikely
outcome, except in diabetes patients (Fig. A3).

It is difficult to predict the risk of deterioration in
a recent claudicant. The various risk factors mentioned
in section A2 (above) probably all contribute to the
progression of PAD. A changing ABI is possibly the
best individual predictor, because if a patient’s ABI
rapidly deteriorates it is most likely to continue to do

| Natural history of athersclerotic lower extremity PAD syndromes |

PAD population (50 years and over)
Initial clinical presentation

v v

Other leg pain
30-40%

Asymptomatic PAD
20-50%

v

Critical limb ischemia
1-3%

Typical claudication
10-35%

v

| 1-year outcomes I
|
v v v

Mortality
25%

Alive with two limbs
45%

Amputation
30%

l—| 5-year outcomes

| Limb morbidity |
]

! v
| CV morbidity and mortality |

I

Stable claudication Worsening claudication Critical limb ischemia Non-fatal cardiovascular Mortality
70-80% 10-20% 5-10% event (Ml or stroke) 10-15%
l 20% I

Amputation
(see CLI data)

Non-CV causes
25%

CV causes
75%

Fig. A3. Fate of the claudicant over 5 (f{ears (adapted from ACC/AHA guidelines’). PAD — peripheral arterial disease;
i

CLI — critical limb ischemia; CV — car
et al. | Am Coll Cardiol 2006;47:1239—1312.
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so in the absence of successful treatment. It has been
shown that in patients with IC, the best predictor of
deterioration of PAD (e.g. need for arterial surgery or
major amputation), is an ABI of <0.50 with a hazard
ratio of more than 2 compared to patients with an
ABI >0.50. Studies have also indicated that in those
patients with IC in the lowest strata of ankle pressure
(i.e. 40—60 mmHg), the risk of progression to severe
ischemia or actual limb loss is 8.5% per year.

A3.3 Critical limb ischemia

The only reliable large prospective population studies
on the incidence of CLI showed a figure of 220 new
cases every year per million population.” However,
there is indirect evidence from studies looking at the
progression of IC, population surveys on prevalence
and assumptions based on the major amputation rates.
Surprisingly, the incidence calculated using these
different methodologies is very similar. There will be
approximately between 500 and 1000 new cases of
CLI every year in a European or North American
population of 1 million.

A number of studies have allowed an analysis
of the risk factors that seem to be associated with
the development of CLI. These are summarized in
Fig. A4. These factors appear to be independent and
are, therefore, probably additive.

It is no longer possible to describe the natural
history of patients with CLI because the majority of
these patients now receive some form of active

Diabetic
x4

Lipid

abnormalities

triglycerides
X2

Risk of
developing CLI

Fig. A4. Approximate magnitude of the effect of risk factors
on the development of critical limb ischemia in patients
with peripheral arterial disease. CLI — critical limb
ischemia.
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treatment. Treatment very much depends on the cen-
ter to which the patient is referred. Large surveys sug-
gest that approximately half the patients with CLI will
undergo some type of revascularization, although in
some, particularly active, interventional centers an at-
tempt at reconstruction is reported in as many as 90%
of CLI patients. Fig. A5 provides an estimate of the
primary treatment of these patients globally and their
status a year later.

There are some good-quality data from multicenter,
closely monitored trials of pharmacotherapy for CLIL
These only relate to a subgroup of patients who are un-
reconstructable or in whom attempts at reconstruction
have failed. (It is only such patients who are entered
into randomized, placebo-controlled, clinical pharma-
cotherapy trials.) The results for this subgroup reveal
the appalling prospect that approximately 40% will
lose their leg within 6 months, and up to 20% will die
(note that these data refer to 6 months” follow-up and
cannot be directly compared with the 1-year data in
Fig. A5).

A3.4 Acute leg ischemia

Acute limb ischemia denotes a quickly developing or
sudden decrease in limb perfusion, usually producing
new or worsening symptoms and signs, and often
threatening limb viability. Progression of PAD from
claudication to rest pain to ischemic ulcers or gan-
grene may be gradual or progress rapidly reflecting
sudden worsening of limb perfusion. Acute limb is-
chemia may also occur as the result of an embolic
event or a local thrombosis in a previously asymptom-
atic patient.

There is little information on the incidence of
acute leg ischemia, but a few national registries and
regional surveys suggest that the incidence is around
140/million/year. Acute leg ischemia due to emboli
has decreased over the years, possibly as a consequence
of less cardiac valvular disease from rheumatic fever
and also better monitoring and anticoagulant manage-
ment of atrial fibrillation. Meanwhile the incidence of
thrombotic acute leg ischemia has increased. Even
with the extensive use of newer endovascular tech-
niques including thrombolysis, most published series
report a 10% to 30% 30-day amputation rate.

A3.5 Amputation

There is an ongoing controversy, often fuelled by
unverified retrospective audit data from large and
changing populations, as to whether there is a signifi-
cant reduction in amputations as a result of more

Eur ] Vasc Endovasc Surg Vol 33, Supplement 1, 2007
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A .

Primary treatment

Medical
treatment only
25%

Primary

amputation
25%

Revascularisation
50%

> A year later

CLl
resolved
25%

Continuing

Fig. A5. Fate of the patients presenting with chronic critical leg ischemia. CLI — critical limb ischemia.

revascularization procedures in patients with CLL
Careful, independent studies from Sweden, Denmark
and Finland all suggest that increased availability and
use of endovascular and surgical interventions have
resulted in a significant decrease in amputation for
CLL In the United Kingdom, the number of major
amputations has reached a plateau, possibly reflecting
increasingly successful limb salvage, but older studies
in the United States have not shown benefit of revas-
cularization on amputation rates.**

The concept that all patients who require an ampu-
tation have steadily progressed through increasingly
severe claudication to rest pain, ulcers and, ultimately,
amputation, is incorrect. It has been shown that more
than half of patients having a below-knee major am-
putation for ischemic disease had no symptoms of
leg ischemia whatsoever as recently as 6 months pre-
viously.” The incidence of major amputations from
large population or nation-wide data varies from
120 to 500/million/year. The ratio of below-knee to

Early

2% healing
15%

Above-knee
amputation

1° healing

60% 15%

Perioperative
death
10%

above-knee amputations in large surveys is around
1:1. Only about 60% of below-knee amputations heal
by primary intention, 15% heal after secondary proce-
dures and 15% need to be converted to an above-knee
level. 10% die in the peri-operative period. The dismal
1- to 2-year prognosis is summarized in Fig. A6.

A4 Co-existing Vascular Disease

Because PAD, CAD and cerebral artery disease are all
manifestations of atherosclerosis, it is not surprising
that the three conditions commonly occur together.

A4.1 Coronary

Studies on the prevalence of cardiovascular disease in
patients with PAD show that the history, clinical exam-
ination and electrocardiogram identify a prevalence of
CAD and cerebral artery disease in 40% to 60% of such

After 2 years

Contralateral
amputation
15%

Above-knee
amputation
15%

Full mobility
40%

Fig. A6. Fate of the patient with below-knee amputation.
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patients. In the PARTNERS study, 13% of subjects
screened had an ABI of <0.90 and no symptomatic
CAD or cerebral artery disease, 16% had both PAD
and symptomatic CAD or cerebral artery disease,
and 24% had symptomatic CAD and cerebral artery
disease and a normal ABL" As with asymptomatic
PAD, the diagnosis of CAD depends on the sensitivity
of the methods used. In the primary care setting, ap-
proximately half of those patients diagnosed with
PAD also have CAD and cerebral artery disease; in
PAD patients referred to hospital, the prevalence of
CAD is likely to be higher. The extent of the CAD,
both by angiography and by computed tomography
(CT) measured coronary calcium, correlates with the
ABIL. Not surprisingly, patients with documented
CAD are more likely to have PAD. The prevalence of
PAD in patients with ischemic heart disease varies in
different series from around 10% to 30%. Autopsy
studies have shown that patients who die from a myo-
cardial infarction are twice as likely to have a signifi-
cant stenosis in the iliac and carotid arteries as
compared to patients dying from other causes.

A4.2 Cerebral artery disease

The link between PAD and cerebral artery disease
seems to be weaker than that with CAD. By duplex ex-
amination, carotid artery disease occurs in 26% to 50%
of patients with IC, but only about 5% of patients with
PAD will have a history of any cerebrovascular event.
There is also a good correlation between carotid inti-
mal thickness and the ABI. There is a range of overlap
in disease in the cerebral, coronary and peripheral
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circulations reported in the literature, represented
semi-quantitatively in Fig. A7. In the REACH (Reduc-
tion of Atherothrombosis for Continued Health) sur-
vey*® of those patients identified with symptomatic
PAD, 4.7% had concomitant CAD, 1.2% had concomi-
tant cerebral artery disease and 1.6% had both. Thus
in this survey, about 65% of patients with PAD had
clinical evidence of other vascular disease. However,
in one prospective study of 1886 patients aged 62 or
over only 37% of subjects had no evidence of disease
in any of the three territories.””

A4.3 Renal

Studies have also looked at the prevalence of renal ar-
tery stenosis in patients with PAD. The prevalence of
renal artery stenosis of 50% or over ranges from 23%
to 42% (compare this to the prevalence of renal artery
stenosis in the hypertensive general population,
which is around 3%). Although it has not been studied
specifically it is very likely that renal artery stenosis
is also a partly independent risk factor for mortality
in patients with PAD since renal artery stenosis of
50% or over is associated with a 3.3-fold higher
mortality rate than in the general population.

A5 Fate of the Patient

Ab.1 Asymptomatic and claudicating peripheral
arterial disease patients

The increased risk of cardiovascular events in patients
with PAD is related to the severity of the disease in

Cerebral artery
disease

16.6%

Fig. A7. Typical overlap in vascular disease affecting different territories.”® Based on REACH data. PAD — peripheral

arterial disease.
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the legs as defined by an ABI measurement. The an-
nual overall major cardiovascular event rate (myocar-
dial infarction, ischemic stroke and vascular death) is
approximately 5%—7%.

Excluding those with CLI, patients with PAD have
a 2% to 3% annual incidence of non-fatal myocardial
infarction and their risk of angina is about two- to
three- times higher than that of an age-matched popu-
lation. The 5-, 10- and 15-year morbidity and mortality
rates from all causes are approximately 30%, 50% and
70%, respectively (Fig. A3). CAD is by far the most
common cause of death among patients with PAD
(40%—60%), with cerebral artery disease accounting
for 10% to 20% of deaths. Other vascular events, mostly
ruptured aortic aneurysm, cause approximately 10% of
deaths. Thus, only 20% to 30% of patients with PAD die
of non-cardiovascular causes.

Of particular interest are the studies in which the
difference in mortality rates between patients with IC
and an age-matched control population was largely
unchanged despite the adjustment for risk factors
such as smoking, hyperlipidemia and hypertension.
These surprising, but consistent, results suggest that
the presence of PAD indicates an extensive and severe
degree of systemic atherosclerosis that is responsible
for mortality, independent of the presence of risk fac-
tors. Fig. A8 summarizes the results from all studies
comparing mortality rates of claudicating patients
with those of an age-matched control population. As
expected, the two lines diverge, indicating that, on
average, the mortality rate of claudicant patients is
2.5-times higher than that of non-claudicant patients.

Ab.2 Severity of peripheral arterial disease and survival

Patients with chronic CLI have a 20% mortality in the
first year after presentation, and the little long-term

100 ~
80
Controls

60

40

Survival (%)

20 o
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0 5 10 15

Follow up (years)

Fig. A8. Survival of patients with peripheral arterial disease.
IC — intermittent claudication; CLI — critical limb ischemia.
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data that exists suggests that mortality continues at
the same rate (Fig. A8). The short-term mortality of
patients presenting with acute ischemia is 15% to
20%. Once they have survived the acute episode, their
pattern of mortality will follow that of the claudicant
or patient with chronic CLI, depending on the out-
come of the acute episode.

There is a strong correlation between ABI, as a mea-
sure of the severity of the PAD, and mortality. A
number of studies, using different ABI ‘cut-off” points
have demonstrated this relationship. For instance, in
a study of nearly 2000 claudicants, patients with an
ABI <0.50 had twice the mortality of claudicants
with an entry ABI of >0.50.® The Edinburgh Artery
Study'” has also shown that the ABI is a good predic-
tor of non-fatal and fatal cardiovascular events as well
as total mortality, in an unselected general population.
It has also been suggested that there is an almost lin-
ear relationship between ABI and fatal and non-fatal
cardiovascular events; each decrease in ABI of 0.10 be-
ing associated with a 10% increase in relative risk for
a major vascular event. In a study of patients with
type 2 diabetes (Fig. A9), the lower the ABI the higher
the 5-year risk of a cardiovascular event.*’

SECTION B — MANAGEMENT OF CARDIO-
VASCULAR RISK FACTORS AND
CO-EXISTING DISEASE

B1 Risk Factors

B1.1 Identifying the peripheral arterial disease patient
in the population

Patients with peripheral arterial disease (PAD) have
multiple atherosclerosis risk factors and extensive

45
40

35—\

30 \

25 \

20 \

15 \

1o AN

5

0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Baseline ABI

Odds of M, stroke or CV death

Fig. A9. Adjusted odds of a cardiovascular event by ankle-
brachial index.”” Data from the placebo arm of the Appro-
priate Blood Pressure Control in Diabetes study” show an
inverse correlation between ABI and odds of a major cardiovas-
cular event. ABI — ankle-brachial index; CV — cardiovascular;
MI — myocardial infarction. Reproduced with permission
from Meﬁler PS et al. Circulation 2003;107:753—756.
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atherosclerotic disease, which puts them at markedly
increased risk for cardiovascular events, similar to
patients with established coronary artery disease
(CAD).*® A reduced blood pressure in the ankle rela-
tive to the arm pressure indicates the presence of
peripheral atherosclerosis, and is an independent
risk factor for cardiovascular events. This has been
most recently studied in a meta-analysis of 15 popula-
tion studies and showed that an ankle-brachial index
(ABI) <0.90 was strongly correlated with all-cause
mortality independent of the Framingham Risk
Score.3! Thus, current recommendations from numer-
ous consensus documents, including the recent
American College of Cardiology/American Heart
Association (ACC/AHA) guidelines on PAD, identify
patients with PAD as a high-risk population who
require intensive risk factor modification and need
antithrombotic therapy.” This section will discuss an
approach to identification of PAD as a means to define
a high-risk population and the management of each of
the major risk factors to reduce the incidence of
cardiovascular events.

Over two-thirds of the patients with PAD are asymp-
tomatic or have atypical leg symptoms and thus may
not be recognized as having a systemic cardiovascular
disease. Also, approximately half of the patients with
PAD have not yet suffered a major cardiovascular event.
Therefore, many patients with PAD are not identified,
resulting in inadequate identification and treatment of
their atherosclerosis risk factors.""

The initial clinical assessment for PAD is a history
and physical examination. A history of intermittent
claudication is useful in raising the suspicion of
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PAD, but significantly underestimates the true pre-
valence of PAD. In contrast, palpable pedal pulses
on examination have a negative predictive value of
over 90% that may rule out the diagnosis in many
cases. In contrast, a pulse abnormality (absent or di-
minished) significantly overestimates the true preva-
lence of PAD. Thus, objective testing is warranted in
all patients suspected of having PAD. The primary
non-invasive screening test for PAD is the ABI (see
section C2 for further discussion of the ABI and ABI
screening criteria). In the context of identifying a
high-risk population, persons who should be consid-
ered for ABI screening in the primary care or commu-
nity setting include: (1) subjects with exertional leg
symptoms, (2) subjects aged 50—69 years who also
have cardiovascular risk factors and all patients over
the age of 70 years,"" and (3) subjects with a 10-year
risk of a cardiovascular event between 10% and 20%
in whom further risk stratification is warranted. Car-
diovascular risk calculators are readily available in
the public domain, such as the SCORE for use in
Europe (www.escardio.org) and the Framingham for
the US (www.nhlbi.nih.gov/guidelines/cholesterol).
Patients with PAD, defined as an ABI <0.90, are
known to be at high risk for cardiovascular events
(Fig. B1). As discussed in section A, mortality rates
in patients with PAD average 2% per year and the
rates of non-fatal myocardial infarction, stroke and
vascular death are 5% to 7% per year.”>* In addition,
the lower the ABI, the higher the risk of cardiovascu-
lar events, as shown in Fig. B2.>* A similar increased
mortality risk has also been observed in patients
with an increased ABI as shown in Fig. B2. Therefore,

Cardiovascular 10-year High Moderate Low
risk score: >20% 20-10% <10%
ABI
Secondary prevention | 4—[ <0.90 | | >0.90 I—} I Primary prevention

Evaluate the patient for
symptoms of PAD
Manage claudication

and CLI if present

Fig. B1. Algorithm for use of the ABI in the assessment of systemic risk in the population. Primary prevention: No antipla-
telet therapy; LDL (low density lipoprotein) <3.37 mmol/L (<130 mg/dL) except in patients with diabetes where the LDL

oal is <2.59 mmol/L (<100 mg/dL) even in the absence of CVD (cardiovascular disease); appropriate blood pressure
<140/90 mmHg and <130/80 mmHg in diabetes/renal insufficiency). Secondary prevention: Prescribe antiplatelet
therapy, LDL <2.59 mmol/L (<100 mg/dL) (<1.81 mmol/L [<70mg/dL] in high risk); appropriate blood Fressure
(<140/90 mmHg and <130/80 mmHg in diabetes/renal insufficiency). See section B1.2 and surrounding text for reterences.
In patients with diabetes, HbAlc <7.0%. See text for references. ABI — ankle-brachial index; PAD — peripheral arterial
disease; CLI — critical limb ischemia.
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Fig. B2. All cause mortality as a function of baseline ABI. Excess mortality was observed at ABI values <1.00 and >1.4
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ABI — ankle-brachial index. Reproduced with permission from Resnick HE et al. Circulation 2004;109(6):733—739.

an abnormal ABI identifies a high-risk population that
needs aggressive risk factor modification and anti-
platelet therapy.

B1.2 Modification of atherosclerotic risk factors

As highlighted above, patients with PAD typically
have multiple cardiovascular risk factors, which puts
them at markedly increased risk for cardiovascular
events. This section will discuss an approach to each
of the major risk factors of this disorder.

B1.2.1 Smoking cessation
Smoking is associated with a marked increased risk
for peripheral atherosclerosis. The number of pack
years is associated with disease severity, an increased
risk of amputation, peripheral graft occlusion and
mortality. Given these associations, smoking cessation
has been a cornerstone of the management of PAD
as is the case for CAD.” Other drugs for smoking
cessation are becoming available.

In middle-aged smokers with reduced pulmonary
function, physician advice to stop smoking, coupled
with a formal cessation program and nicotine

replacement is associated with a 22% cessation rate
at 5 years compared with only a 5% cessation rate in
the usual care group.”® By 14 years, the intervention
group had a significant survival advantage. A number
of randomized studies have supported the use of bu-
propion in patients with cardiovascular disease, with
3-, 6- and 12-month abstinence rates of 34%, 27% and
22%, respectively, compared with 15%, 11% and 9%,
respectively, with placebo treatment.”” Combining bu-
propion and nicotine replacement therapy has been
shown to be more effective than either therapy alone
(Fig. B3).%® Thus, a practical approach would be to
encourage physician advice at every patient visit,
combined with behavior modification, nicotine re-
placement therapy and the antidepressant bupropion
to achieve the best cessation rates.

The role of smoking cessation in treating the symptoms
of claudication is not as clear; studies have shown
that smoking cessation is associated with improved
walking distance in some, but not all patients. There-
fore, patients should be encouraged to stop smoking
primarily to reduce their risk of cardiovascular events,
as well as their risk of progression to amputation and
progression of disease, but should not be promised im-
proved symptoms immediately upon cessation. Recent

— [ Placebo
| [ Nicotine Replacement

| B Buproprion

| I Buproprion and
Nicotine Replacement

6 months

Percentage of patients abstaining

12 months

Fig. B3. Percent abstinence for bupropion SR, nicotine replacement, or both, versus placebo.38 Reproduced with permission

from Jorenby DE et al. N Engl ] Med 1999;340(9):685—691.
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studies have shown a three-fold increased risk of graft
failure after bypass surgery with continued smoking
with a reduction in that risk to that of non-smokers
with smoking cessation.*

Recommendation 1. Smoking cessation in peri-
pheral arterial disease

« All patients who smoke should be strongly and
repeatedly advised to stop smoking [B].

o All patients who smoke should receive a pro-
gram of physician advice, group counseling
sessions, and nicotine replacement [A].

« Cessation rates can be enhanced by the addition
of antidepressant drug therapy (bupropion)
and nicotine replacement [A].

B1.2.2 Weight reduction

Patients who are overweight (body mass index [BMI]
25—30) or who are obese (BMI >30) should receive
counseling for weight reduction by inducing negative
caloric balance with reduction of calorie intake,
carbohydrate restriction and increased exercise.

B1.2.3 Hyperlipidemia

Independent risk factors for PAD include elevated
levels of total cholesterol, low-density lipoprotein
(LDL) cholesterol, triglycerides, and lipoprotein(a).
Factors that are protective for the development of
PAD are elevated high-density lipoprotein (HDL)
cholesterol and apolipoprotein (a-1) levels.

Direct evidence supporting the use of statins to
lower LDL cholesterol levels in PAD comes from the
Heart Protection Study (HPS).>> The HPS enrolled
over 20,500 subjects at high risk for cardiovascular
events including 6748 patients with PAD, many of
whom had no prior history of heart disease or stroke.
Patients were randomized to simvastatin 40 mg, anti-
oxidant vitamins, a combination of treatments, or
placebo using a 2 x 2 factorial design, with a 5-year
follow up. Simvastatin 40 mg was associated with
a 12% reduction in total mortality, 17% reduction in
vascular mortality, 24% reduction in coronary heart
disease events, 27% reduction in all strokes and
a 16% reduction in non-coronary revascularizations.
Similar results were obtained in the PAD subgroup,
whether they had evidence of coronary disease at
baseline or not. Furthermore, there was no threshold
cholesterol value below which statin therapy was
not associated with benefit. Thus, the HPS demon-
strated that in patients with PAD (even in the absence
of a prior myocardial infarction or stroke), aggressive
LDL lowering was associated with a marked
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reduction in cardiovascular events (myocardial infarc-
tion, stroke and vascular death). A limitation of the
HPS was that the evidence in PAD was derived
from a subgroup analysis in patients with symptom-
atic PAD. Despite these limitations, all patients with
PAD should have their LDL cholesterol levels lowered
to <2.59 mmol/L (<100 mg/dL). To achieve these
lipid levels, diet modification should be the initial
approach, however, in most cases, diet alone will be
unable to decrease the lipids levels to the values men-
tioned above; therefore, pharmacological treatment
will be necessary.

A more recent meta-analysis of statin therapy
concluded that in a broad spectrum of patients,
a 1 mmol/L (38.6 mg/dL) reduction in LDL choles-
terol level was associated with a 20% decrease in the
risk of major cardiovascular events.*” This benefit
was not dependent on the initial lipid levels (even pa-
tients with lipids in the “normal” range responded),
but did depend on the baseline assessment of cardio-
vascular risk. Since patients with PAD are at high risk,
and were included as a subgroup in this meta analy-
sis, the majority of these patients would be considered
candidates for statin therapy.

Current recommendations for the management of
lipid disorders in PAD are to achieve an LDL choles-
terol level of <2.59 mmol/L (<100 mg/dL) and to treat
the increased triglyceride and low HDL pattern.*"*?
The recent ACC/AHA guidelines recommend as a
general treatment goal achieving an LDL cholesterol
level <2.59 mmol/L (<100 mg/dL) in all patients with
PAD and in those at high risk (defined as patients with
vascular disease in multiple beds) the goal should be
an LDL cholesterol level <1.81 mmol/L (<70 mg/ dL).5
In patients with PAD who have elevated triglyceride
levels where the LDL cholesterol cannot be accurately
calculated, the recommendation is to achieve a non-
HDL-cholesterol level <3.36 mmol/L (<130 mg/ dL),®
and in the highest risk patients (with vascular disease
in multiple beds) the non-HDL-cholesterol goal should
be <2.56 mmol/L (<100 mg/dL).

Patients with PAD commonly have disorders of
HDL cholesterol and triglyceride metabolism. The
use of fibrates in patients with coronary artery disease
who had an HDL cholesterol level <1.04 mmol/L
(<40 mg/dL) and an LDL cholesterol level
<3.63 mmol/L (>140 mg/dL) was associated with a
reduction in the risk of non-fatal myocardial infarction
and cardiovascular death.** Niacin is a potent drug
used to increase HDL cholesterol levels, with the
extended-release formulation providing the lowest
risk of flushing and liver toxicity. In patients with
PAD, niacin has been associated with regression of
femoral atherosclerosis and reduced progression of
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coronary atherosclerosis.*** Whether fibrates and /or
niacin will reduce the progression of peripheral ather-
osclerosis or reduce the risk of systemic cardiovascular
events in patients with PAD is not yet known.

Recommendation 2. Lipid control in patients
with peripheral arterial disease (PAD)

o All symptomatic PAD patients should have
their low-density lipoprotein (LDL)-cholesterol
lowered to <2.59 mmol/L (<100 mg/dL) [A].

o In patients with PAD and a history of vascular
disease in other beds (e.g. coronary artery dis-
ease) it is reasonable to lower LDL cholesterol
levels to <1.81 mmol/L (<70 mg/dL) [B].

o All asymptomatic patients with PAD and no
other clinical evidence of cardiovascular disease
should also have their LDL-cholesterol level
lowered to <2.59 mmol/L (<100 mg/dL) [C].

e In patients with elevated triglyceride levels
where the LDL cannot be accurately calculated,
the LDL level should be directly measured and
treated to values listed above. Alternatively, the
non-HDL (high-density lipoprotein) cholesterol
level can be calculated with a goal of <3.36
mmol/L (<130 mg/dL), and in high-risk patients
thelevel should be <2.59 mmol/L (<100 mg/dL).

o Dietary modification should be the initial inter-
vention to control abnormal lipid levels [B].

o In symptomatic PAD patients, statins should be
the primary agents tolower LDL cholesterol levels
to reduce the risk of cardiovascular events [A].

o Fibrates and/or niacin to raise HDL-cholesterol
levels and lower triglyceride levels should be
considered in patients with PAD who have
abnormalities of those lipid fractions [B].

B1.2.4 Hypertension
Hypertension is associated with a two- to three-fold
increased risk for PAD. Hypertension guidelines
support the aggressive treatment of blood pressure
in patients with atherosclerosis, indicating PAD. In
this high-risk group the current recommendation is
a goal of <140/90 mmHg, and <130/80 mmHg if
the patient also has diabetes or renal insufficiency.*’**
Regarding drug choice, all drugs that lower blood
pressure are effective at reducing the risk of cardiovas-
cular events. Thiazide diuretics are first-line agents,
angiotensin converting enzyme (ACE) inhibitors or an-
giotensin receptor blockers should be used in patients
with diabetic renal disease or in congestive heart
failure, and calcium channel blockers for difficult to
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control hypertension. Most patients will require multi-
ple agents to achieve desired blood pressure goals. The
ACE inhibitor drugs have also shown benefit in PAD,
possibly beyond blood-pressure lowering in high-risk
groups. This was documented by specific results from
the HOPE (Heart Outcomes Prevention Evaluation)
study in 4046 patients with PAD.* In this subgroup,
there was a 22% risk reduction in patients randomized
to ramipril compared with placebo, which was inde-
pendent of lowering of blood pressure. Based on this
finding, the United States Federal Drug Administration
has now approved ramipril for its cardioprotective ben-
efits in patients at high risk, including those with PAD.
Thus, in terms of a drug class, the ACE inhibitors would
be recommended in patients with PAD.

Beta-adrenergic blocking drugs have previously
been discouraged in PAD because of the possibility
of worsening claudication symptoms. However, this
concern has not been borne out by randomized
trials; therefore, beta-adrenergic-blocking drugs can
be safely utilized in patients with claudication.”® In
particular, patients with PAD who also have concomi-
tant coronary disease may have additional cardio-
protection with beta-adrenergic-blocking agents.
Therefore, beta-adrenergic-blocking agents may be
considered when treating hypertension in patients
with PAD.

Recommendation 3. Control of hypertension in
peripheral arterial disease (PAD) patients

e All patients with hypertension should have
blood pressure controlled to <140/90 mmHg
or <130/80 mmHg if they also have diabetes
or renal insufficiency [A].

e« JNC VII and European guidelines for the
management of hypertension in PAD should
be followed [A].

« Thiazides and ACE inhibitors should be consid-
ered as initial blood-pressure lowering drugs
in PAD to reduce the risk of cardiovascular
events [B].

« Beta-adrenergic-blocking drugs are not contra-
indicated in PAD [A].

B1.2.5 Diabetes [see also section D2.4]

Diabetes increases the risk of PAD approximately
three- to four-fold, and the risk of claudication two-
fold. Most patients with diabetes have other cardio-
vascular risk factors (smoking, hypertension and
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dyslipidemia) that contribute to the development
of PAD. Diabetes is also associated with peripheral
neuropathy and decreased resistance to infection,
which leads to an increased risk of foot ulcers and
foot infections.

Several studies of both type 1 and type 2 diabetes
have shown that aggressive blood-glucose lowering
can prevent microvascular complications (particu-
larly retinopathy and nephropathy); this has not
been demonstrated for PAD, primarily because the
studies conducted to date examining glycemic con-
trol in diabetes were neither designed nor powered
to examine PAD endpoints.”’”* The current American
Diabetes Association guidance recommends hemo-
globin A1C of <7.0% as the goal for treatment of di-
abetes “in general”, but points out that for “the
individual patient,” the A1C should be “as close to
normal (<6%) as possible without significant hypo-
glycemia.” However, it is unclear whether achieving
this goal will effectively protect the peripheral circu-
lation or prevent amputation.”® A single study in
patients with type 2 diabetes and a history of cardio-
vascular disease did not show a benefit of lowering
blood glucose levels with the insulin-sensitizing
agent pioglitazone on the primary endpoint of the
study (cardiovascular morbidity and mortality) but
did show a reduction in the risk of a secondary end-
point of myocardial infarction, stroke and vascular
death.””* Additional studies will be necessary to
define the role of insulin sensitizing agents in the
management of cardiovascular complication of diabetes
in patients with PAD.

Recommendation 4. Control of diabetes in
peripheral arterial disease (PAD)

« Patients with diabetes and PAD should have
aggressive control of blood glucose levels
with a hemoglobin Alc goal of <7.0% or as
close to 6% as possible [C].

B1.2.6 Homocysteine

An elevated plasma homocysteine level is an indepen-
dent risk factor for PAD. While supplement with
B-vitamins and/or folate can lower homocysteine
levels, high-level evidence for the benefits in terms
of preventing cardiovascular events is lacking. Two
studies of supplemental B vitamins and folic acid in
patients with CAD demonstrated no benefit and
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even a suggestion of harm, so this therapy cannot
be recommended.”?*

Recommendation 5. Use of folate supplementa-
tion in peripheral arterial disease (PAD)

o Patients with PAD and other evidence of car-
diovascular disease should not be given folate
supplements to reduce their risk of cardiovas-
cular events [B].

B1.2.7 Inflammation

Markers of inflammation have been associated with
the development of atherosclerosis and cardiovascu-
lar events. In particular, C-reactive protein is indepen-
dently associated with PAD.

B1.2.8 Antiplatelet drug therapy

Aspirin/acetylsalicylic acid (ASA) is a well-recog-
nized antiplatelet drug for secondary prevention
that has clear benefits in patients with cardiovascu-
lar diseases. Numerous publications from the An-
tithrombotic Trialists’ Collaboration have concluded
that patients with cardiovascular disease will realize
a 25% odds reduction in subsequent cardiovascular
events with the use of aspirin/ASA.” These find-
ings particularly apply to patients with coronary ar-
tery and cerebral artery diseases. This most recent
meta-analysis has also clearly demonstrated that
low-dose aspirin/ASA (75—160 mg) is protective,
and probably safer in terms of gastrointestinal
bleeding than higher doses of aspirin/ASA. Thus,
current recommendations would strongly favor the
use of low-dose aspirin/ASA in patients with car-
diovascular diseases. However, the initial Antith-
rombotic Trialists’ Collaboration meta-analysis did
not find a statistically significant reduction in car-
diovascular events in PAD patients treated with as-
pirin/ASA who did not have other evidence of
vascular disease in other territories.”® However, in
the more recent meta-analysis, when the PAD data
were combined from trials using not only aspirin/
ASA but also clopidogrel, ticlopidine, dipyridamole
and picotamide, there was a significant 23% odds
reduction in ischemic events in all subgroups of pa-
tients with PAD. Antiplatelet drugs are clearly indi-
cated in the overall management of PAD, although
the efficacy of aspirin/ASA is uniformly shown only
when PAD and cardiovascular disease coexist.””
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Picotamide is an antiplatelet drug that inhibits
platelet thromboxane A2 synthase and antagonizes
thromboxane receptors that has a mortality benefit
in the subgroup of patients with PAD who also
have diabetes.” In that study, the drug signifi-
cantly reduced 2-year, all-cause mortality, but not
the incidence of non-fatal cardiovascular events.
Based on these data, further study is warranted
before a recommendation can be made in regards
to picotamide.

In addition to aspirin/ASA, the thienopyridines
are a class of antiplatelet agents that have been stud-
ied in patients with cardiovascular disease. Ticlopi-
dine has been evaluated in several trials in patients
with PAD, and has been reported to reduce the risk
of myocardial infarction, stroke and vascular death.®'
However, the clinical usefulness of ticlopidine is lim-
ited by side effects such as neutropenia and thrombo-
cytopenia. Clopidogrel was studied in the CAPRIE
(Clopidogrel versus Aspirin in Patients at Risk of
Ischemic Events) trial and shown to be effective
in the symptomatic PAD population to reduce the
risk of myocardial infarction, stroke and vascular
death. The overall benefit in this particular group
was a 24% relative risk reduction over the use of
aspirin/ ASA.>* This represents a number needed to
treat with clopidogrel compared with aspirin/ASA
of 87 patients to prevent an event. Clopidogrel
has a safety profile similar to aspirin/ASA, with
only rare reports of thrombocytopenia. Patients
undergoing surgical procedures are at increased
risk of bleeding when taking anti-thrombotics includ-
ing heparins, aspirin/ASA or clopidogrel. Thus,
temporary cessation of these drugs should be indi-
vidualized based on the type of surgery and/or
endovascular intervention/revascularization to reduce
bleeding risks.

Recent publications in patients with acute coro-
nary syndromes suggest that combination therapy
with aspirin/ASA and clopidogrel is more effective
than with aspirin/ASA alone, but at a higher risk
of major bleeding.> A recent study of clopidogrel
combined with aspirin/ASA (versus aspirin/ASA
alone) was performed in a high-risk population con-
sisting of patients with established cardiovascular
disease (including PAD) and patients without a his-
tory of cardiovascular disease but who had multiple
risk factors. This study showed no overall benefit of
the combination of antiplatelet drugs as compared
with aspirin/ASA alone on the outcome of myo-
cardial infarction, stroke and vascular death.®®
Thus, combination therapy cannot be recommended
in patients with stable PAD, and if clopidogrel is
considered it should be used as monotherapy.

Eur J Vasc Endovasc Surg Vol 33, Supplement 1, 2007

L. Norgren and W. R. Hiatt et al.

Recommendation 6. Antiplatelet therapy in
peripheral arterial disease (PAD)

e All symptomatic patients with or without
a history of other cardiovascular disease should
be prescribed an antiplatelet drug long term to
reduce the risk of cardiovascular morbidity and
mortality [A].

o Aspirin/ASA is effective in patients with PAD
who also have clinical evidence of other forms
of cardiovascular disease (coronary or carotid)
[A]

o The use of aspirin/ASA in patients with PAD
who do not have clinical evidence of other forms
of cardiovascular disease can be considered [C].

« Clopidogrel is effective in reducing cardiovas-
cular events in a subgroup of patients with
symptomatic PAD, with or without other clini-
cal evidence of cardiovascular disease [B].

B2 Health Economics of Risk-factor Management

For all cardiovascular risk factors, including smoking
cessation, the most effective and cost-effective inter-
ventions are those that combine a government-led
action with individual prevention interventions. In
other words, laws that reduce the amount of added
salt in processed foods and that increase taxes on to-
bacco are more cost effective than individual prevention
alone, but a combination of both is best.®*

The issue in dealing with risk factors is the overall
budgetary impact of enforcing compliance to pub-
lished guidelines. This is due to the large size of the
population at risk and the difficulty of organizing
the follow up of chronic patients treated by numerous
health professionals. An additional difficulty for
payers is that the health and economic benefits are
delayed while resources for treatment have to be
expended at once. Studies on dyslipidemia, diabetes
and hypertension have shown that compliance with
guidelines is usually cost effective, within the range
of $20—30,000 per added year of life. This holds true
when several risk factors are associated.®”®

The effectiveness and cost-effectiveness of a num-
ber of lifestyle interventions, including smoking ces-
sation, exercise and diet, have been assessed by the
Cochrane Collaboration.

B2.1 Cost-effectiveness of smoking cessation interventions

For smoking cessation, the performance of professionals
in detection and interventions (including follow-up
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appointments, self-help materials and nicotine gum)
is improved by training, although the overall effect
on quit rates is modest. However, “training can be
expensive, and simply providing programs for health
care professionals, without addressing the constraints
imposed by the conditions in which they practice, is
unlikely to be a wise use of health care resources”.”’
Advising patients to use the telephone services is an
effective strategy.®’”

The unit cost of advice alone is estimated $5 per
patient, while counseling costs $51 per patient. Adding
pharmacologic agents to counseling increases the quit
rate and is cost effective: assuming that a long-term
quitter increases his life expectancy by an average
2 years, the cost-effectiveness ratio of added pharmaco-
logical intervention ranges from $1 to $3,000 per
life-year gained.®®

B2.2 Cost-effectiveness of exercise interventions

Exercise interventions are heterogenic, including
one-to-one counseling/advice or group counseling/
advice; self-directed or prescribed physical activity;
supervised or unsupervised physical activity; home-
based or facility-based physical activity; ongoing
face-to-face support; telephone support; written
education/motivation material; and self monitoring.
The intervention can be delivered by one or a number
of practitioners including physicians, nurses, health
educators, counselors, exercise leaders, and peers.
Interventions “have a positive moderate sized effect
on increasing self-reported physical activity and
measured cardio-respiratory fitness, atleast in the short
to mid-term”.** Assuming an adherence of 50% in
the first year and 30% in subsequent years, the cost-
effectiveness ratio of unsupervised exercise is less
than $12,000 per life year gained. Supervised exercise
has a cost-effectiveness ratio ranging from $20,000—
$40,000 per life year gained (the strategies are more
efficient in elderly males with multiple risk factors).”

B2.3 Cost-effectiveness of pharmacologic interventions

It is difficult to recommend one drug over another
for risk factor modification on cost-effectiveness con-
siderations because drug prices are subject to varia-
tions between countries and over time. Although this
is true for all interventions, the case of a newer drug
used in prevention of cardiac risk factors is particular
in that the medical benefits of one treatment over
another are usually small and, therefore, the cost-
effectiveness ratio is highly dependent on drug prices.
The global cost-effectiveness analysis on the reduction
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of cardiovascular disease risk® found that treatment
by a combination of statin, beta blocker, diuretic and
aspirin was most efficient in avoiding death and dis-
ability. When oral anti-platelet agents are considered,
assuming a threshold of up to £20,000—40,000 per ad-
ditional quality-adjusted life year (QALY), clopidogrel
would be considered cost effective for treatment dura-
tion of 2 years in patients with peripheral arterial
disease. For a lifetime treatment duration, clopidogrel
would be considered more cost effective than aspirin
as long as treatment effects on non-vascular deaths
are not considered.”!

Because recent studies have often failed to demon-
strate a benefit on mortality, the efficiency of drug treat-
ments has been measured in ‘cost per major event
averted’ and is, therefore, not comparable to ‘cost per
life year gained’, although there is a relationship
between the two. For example, the cost effectiveness
of 40 mg/day simvastatin in high-risk patients is
£4,500 (95% CI: 2,300—7,400) per major vascular event
averted, but the result is highly sensitive to the statin
cost. In this context, it is likely that the use of an off-
patent statin would prove more efficient.”? For patients
with high cardiovascular risk, the use of ACE inhibitors
appears very cost effective in most countries, as shown
by the results of the HOPE study: less than $10,000 per
event averted in the various developed countries
where the economic analyses were undertaken.”

In conclusion, the risk-management strategy chosen
may differ depending on whether the individual or
population perspectives are considered. Ina population
perspective with an objective of sustainability and
access, public interventions to reduce smoking, salt
and fat intake, combined with the prescription of cheap
and off-patent drugs, are preferred. If the individual
perspective is considered, however, newer and more
expensive drugs offer additional health benefits at
reasonable cost-effectiveness ratios.

B3 Future Aspects of Controlling Ischemic
Risk Factors

It is clear that decreasing the level of any risk factor,
such as blood pressure and LDL cholesterol, can
help improve prognosis. However, it is not clear
what the optimal values are in the general popula-
tion and in individual disease states. Future studies
are also needed to define guidelines for different
clinical presentations: should blood pressure be
lowered to 140/90 mmHg in patients with PAD, or
should it be lower? Should these values also
be usable in critical leg ischemia? Is there a
J-shaped curve (an increased risk at very low blood
pressure values)?
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Modifying several risk factors is at least as
beneficial as changing only one. Combination therapy
with several drugs will become inevitable. However,
what is the compliance of the patients who are faced
with such combination therapy? Future studies
should clarify whether the ‘polypill’ (several drugs
in one pill) could help in achieving the goals of im-
proved risk factor modification. Calculations should
be made on the costs of such combination therapy
versus the change in long-term prognosis.

Diabetes sharply increases total cardiovascular
risk; are the current goals for blood pressure and
lipids strict enough to control this risk? Studies are
needed to show whether the choice of antihyperten-
sive drugs should be guided by their influence on
insulin resistance or other metabolic parameters.

It is becoming evident that inflammatory processes
play an important role in the atherosclerotic process.
It is not yet clear if drugs that target chronic inflam-
mation (e.g. antibiotics) would add to usual risk factor
management in controlling the progress of the ather-
osclerotic process.

B4 Co-existing Coronary Artery Disease

The prevalence of CAD in patients with PAD is high,
which strongly increases the risk for cardiac mortality
and morbidity in these patients (see section A4.1).%*°
Therefore, all PAD patients should be considered at
high risk for clinically significant CAD, for which sev-
eral guidelines exist.”*”> Patients should be evaluated
for evidence of CAD.

Treatment decisions for coexisting CAD should
be based on current practice standards, and patients
who have unstable symptoms (acute coronary
syndrome, decompensated heart failure) should be
referred to a cardiovascular physician for appropri-
ate diagnosis and treatment. For patients with stable
CAD, management should be guided by the sever-
ity of the symptoms and co-morbid conditions.
Most patients with severe cardiac symptoms will
require coronary angiography to determine the
appropriate means for revascularization. All patients
should be given appropriate medical therapy to
treat symptoms and atherosclerotic risk factors (see
section B1).

Cardiac assessment scores may be useful in the
context of patients being considered for peripheral
revascularization.”® In patients with a high cardiac
risk assessment score, current guidelines recommend
further evaluation of the patient for possible coronary
revascularization.”® However in the recent Coronary
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Artery Revascularization Prophylaxis (CARP) trial of
patients with peripheral vascular disease who were
considered high risk for perioperative complications
and had significant CAD, coronary revascularization
did not reduce overall mortality or perioperative
myocardial infarction.”” In addition, patients who un-
derwent coronary revascularization had a significantly
longer time to vascular surgery compared with
patients who did not. Therefore, this strategy of
a pre-emptive coronary revascularization prior to
peripheral vascular surgery should not normally
be pursued.

In most patients, perioperative use of beta-
adrenergic-blocking agents is associated with
reduced cardiovascular risks of surgery. Recent stud-
ies have shown that beta-adrenergic blockade with
bisoprolol significantly decreased the risk for cardio-
vascular events during vascular surgery and
afterwards.”®>”? Besides controlling symptoms of
myocardial ischemia, treatment with beta-blocking
agents also has the benefit of favorably influencing
prognosis in these patients.*’

Recommendation 7. Management of coronary
artery disease (CAD) in peripheral arterial disease
patients

« Patients with clinical evidence of CAD (angina,
ischemic congestive heart failure) should be
evaluated and managed according to current
guidelines [C].

« Patients with PAD considered for vascular sur-
gery may undergo further risk stratification
and those found to be at very high risk man-
aged according to current guidelines for coro-
nary revascularization [C].

e Routine coronary revascularization in prepara-
tion for vascular surgery is not recommended
[A]

Recommendation 8. Use of beta-blocking agents
before vascular surgery

e When there are no contraindications, beta-
adrenergic blockers should be given periopera-
tively to patients with peripheral arterial
disease undergoing vascular surgery in order
to decrease cardiac morbidity and mortality [A].
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B5 Co-existing Carotid Artery Disease

The prevalence of carotid artery disease in PAD
patients is also high (see section A4.2); and patients
with PAD are at an increased risk for cerebrovascular
events. Evaluation of the carotid circulation should
be based on a history of transient ischemic attack or
stroke. Further evaluation and consideration for revas-
cularization should be based on current guidelines.?"*

Recommendation 9. Management of carotid ar-
tery disease in peripheral arterial disease (PAD)
patients

o The management of symptomatic carotid ar-
tery disease in patients with PAD should be
based on current guidelines [C].

B6 Co-existing Renal Artery Disease

Patients with PAD are at an increased risk for reno-
vascular hypertension. The management of patients
with PAD and atherosclerotic renal artery disease is
focused on control of hypertension and preservation
of renal function. In such cases, evaluation and treat-
ment should be based on current guidelines.”**

These patients should be referred to an appropriate
cardiovascular physician.

Recommendation 10. Management of renal ar-
tery disease in peripheral arterial disease (PAD)
patients

o When renal artery disease is suspected in PAD
patients, as evidenced by poorly controlled
hypertension or renal insufficiency, patients
should be treated according to current guide-
lines and consider referral to a cardiovascular
physician [C].

SECTION C — INTERMITTENT CLAUDICATION

C1 Characterization of Patients

C1.1 Definition of intermittent claudication and limb
symptoms in peripheral arterial disease

The majority of patients with peripheral arterial dis-
ease (PAD) have limited exercise performance and
walking ability. As a consequence, PAD is associated
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with reduced physical functioning and quality of life.
In patients with PAD, the classical symptom is inter-
mittent claudication (which means to limp), which is
muscle discomfort in the lower limb reproducibly
produced by exercise and relieved by rest within
10 minutes. Patients may describe muscle fatigue, ach-
ing or cramping on exertion that is relieved by rest. The
symptoms are most commonly localized to the calf, but
may also affect the thigh or buttocks. Typical claudica-
tion occurs in up to one-third of all patients with PAD.
Importantly, patients without classical claudication
also have walking limitations that may be associated
with atypical or no limb symptoms.®” Typical claudica-
tion symptoms may not occur in patients who have co-
morbidities that prevent sufficient activity to produce
limb symptoms (i.e. congestive heart failure, severe
pulmonary disease, musculoskeletal disease) or in
patients who are so deconditioned that exercise is not
performed. Therefore, patients suspected of having
PAD should be questioned about any limitations they
experience during exercise of the lower extremities
that limits their walking ability.

PAD is caused by atherosclerosis that leads to
arterial stenosis and occlusions in the major vessels
supplying the lower extremities. Patients with inter-
mittent claudication have normal blood flow at rest
(and, therefore, have no limb symptoms at rest).
With exercise, occlusive lesions in the arterial supply
of the leg muscles limits the increase in blood flow,
resulting in a mismatch between oxygen supply and
muscle metabolic demand that is associated with
the symptom of claudication. Acquired metabolic
abnormalities in the muscle of the lower extremity
also contribute to the reduced exercise performance
in PAD.

C1.2 Differential diagnosis

Table C1 shows the differential diagnosis of intermit-
tent claudication (IC); Table C2 shows potential causes
of occlusive arterial lesions in the lower extremity
arteries potentially causing claudication.

C1.3 Physical examination

The physical examination should assess the circula-
tory system as a whole. Key components of the general
examination include measurement of blood pressure
in both arms, assessment of cardiac murmurs, gallops
or arrhythmias, and palpation for an abdominal aortic
aneurysm (does not exclude the presence of an an-
eurysm). Less specific aspects of the physical examina-
tion for PAD include changes in color and temperature
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Table C1. Differential diagnosis of intermittent claudication (IC)

L. Norgren and W. R. Hiatt et al.

Condition  Location Prevalence  Characteristic Effect of Effect of Effect of Other
exercise rest position characteristics
Calf IC Calf muscles  3—5% of Cramping, Reproducible  Quickly None May have atypical
adult aching onset relieved limb symptoms on
population  discomfort exercise
Thigh and  Buttocks, hip, Rare Cramping, Reproducible  Quickly None Impotence
buttock IC  thigh aching discomfort onset relieved May have normal
pedal pulses with
isolated iliac artery
disease
Foot IC Foot arch Rare Severe pain on Reproducible Quickly None Also may present
exercise onset relieved as numbness
Chronic Calf muscles  Rare Tight, bursting After much Subsides Relief with Typically heavy
compartment pain exercise very slowly elevation muscled athletes
syndrome (jogging)
Venous Entire leg, Rare Tight, bursting After walking  Subsides Relief speeded  History of
claudication worse in calf pain slowly by elevation iliofemoral deep
vein thrombosis,
signs of venous
congestion, edema
Nerve root  Radiates Common Sharp lancinating  Induced by Often present  Improved by History of back
compression down leg pain sitting, standing at rest change in problems
or walking position Worse with sitting
Relief when supine
or sitting
Symptomatic Behind knee, Rare Swelling, With exercise ~ Present None Not intermittent
Bakers cyst down calf tenderness at rest
Hip arthritis Lateral hip, = Common Aching discomfort After variable = Not quickly Improved Symptoms variable
thigh, degree of relieved when not History of
exercise weight bearing degenerative
arthritis
Spinal Often bilateral Common Pain and weakness May mimic IC  Variable relief ~ Relief by Worse with
stenosis buttocks, but can take a  lumbar spine standing and
posterior leg long time to flexion extending spine
recover
Foot/ankle Ankle, foot, Common Aching pain After variable  Not quickly May be relieved Variable, may relate
arthritis arch degree of relieved by not bearing  to activity level and
exercise weight present at rest

IC — intermittent claudication.

of the skin of the feet, muscle atrophy from inability
to exercise, decreased hair growth and hypertrophied,
slow-growing nails. The presence of a bruit in the
region of the carotid, aorta or femoral arteries may
arise from turbulence and suggest significant arterial

Table C2. Causes of occlusive arterial lesions in lower extremity
arteries potentially causing claudication

Atherosclerosis (PAD)

Arteritis

Congenital and acquired coarctation of aorta
Endofibrosis of the external iliac artery (iliac artery syndrome in
cyclists)

Fibromuscular dysplasia

Peripheral emboli

Popliteal aneurysm (with secondary thromboembolism)
Adventitial cyst of the popliteal artery

Popliteal entrapment

Primary vascular tumors

Pseudoxanthoma elasticum

Remote trauma or irradiation injury

Takayasu’s disease

Thromboangiitis obliterans (Buerger’s disease)
Thrombosis of a persistent sciatic artery
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disease. However, the absence of a bruit does not
exclude arterial disease.

The specific peripheral vascular examination re-
quires palpation of the radial, ulnar, brachial, carotid,
femoral, popliteal, dorsalis pedis and posterior tibial
artery pulses. The posterior tibial artery is palpated
at the medial malleolus. In a small number of
healthy adults, the dorsalis pedis pulse on the dor-
sum of the foot may be absent due to branching of
the anterior tibial artery at the level of the ankle. In
this situation, the distal aspect of the anterior tibial
artery may be detected and assessed at the ankle.
Also, a terminal branch of the peroneal artery may
be palpated at the lateral malleolus. For simplicity,
pulses may be graded from O (absent), 1 (dimin-
ished) and 2 (normal). An especially prominent pulse
at the femoral and/or popliteal location should raise
the suspicion of an aneurysm. A diminished or
absent femoral pulse suggests aorto-iliac artery
occlusive disease, which reduces inflow to the limb.
In contrast, a normal femoral, but absent pedal,
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pulse suggests significant arterial disease in the leg
with preserved inflow. Pulses should be assessed in
both legs and pulse abnormalities correlated with
leg symptoms to determine the lateralization of
the disease.

Patients with an isolated occlusion of an internal
iliac (hypogastric) artery may have normal femoral
and pedal pulses at rest and after exercise, but buttocks
claudication (and impotence in males). Similar symp-
toms may occur in patients with stenosis of the com-
mon or external iliac artery. These patients may also
have normal pulses at rest, but loss of the pedal pulses
after exercise. The loss of the pedal pulse is coincident
with a drop in ankle pressure due to the inability of the
large vessels (in the presence of occlusive disease) to
provide sufficient flow to maintain distal pressure
with muscle vasodilation during exercise.

Despite the utility of the pulse examination, the
finding of absent pedal pulses tends to over-diagnose
PAD, whereas if the symptom of classic claudication
is used to identify PAD, it will lead to a significant
under-diagnosis of PAD.%® Thus, PAD must be con-
firmed in suspected patients with non-invasive testing
using the ankle-brachial index, or other hemodynamic
or imaging studies described below.

Recommendation 11. History and physical
examination in suspected peripheral arterial
disease (PAD)

e Individuals with risk factors for PAD, limb
symptoms on exertion or reduced limb func-
tion should undergo a vascular history to eval-
uate for symptoms of claudication or other
limb symptoms that limit walking ability [B].

o Patients at risk for PAD or patients with re-
duced limb function should also have a vascular
examination evaluating peripheral pulses [B].

o Patients with a history or examination sugges-
tive of PAD should proceed to objective testing
including an ankle-brachial index [B].

C2 Diagnostic Evaluation of Patients with
Peripheral Arterial Disease

C2.1 Ankle pressure measurements
(ankle-brachial index)

Measuring the pressure in the ankle arteries has be-
come a standard part of the initial evaluation of
patients with suspected PAD. A common method of
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measurement uses a 10—12 cm sphygmomanometer
cuff placed just above the ankle and a Doppler instru-
ment used to measure the systolic pressure of the
posterior tibial and dorsalis pedis arteries of each
leg (Fig. C1). These pressures are then normalized to
the higher brachial pressure of either arm to form
the ankle-brachial index (ABI). The index leg is often
defined as the leg with the lower ABIL

The ABI provides considerable information. A
reduced ABI in symptomatic patients confirms the
existence of hemodynamically significant occlusive
disease between the heart and the ankle, with a lower
ABI indicating a greater hemodynamic severity of oc-
clusive disease. The ABI can serve as an aid in differen-
tial diagnosis, in that patients with exercise-related leg
pain of non-vascular causes will have a normal ankle
pressure at rest and after exercise. In patients with
PAD who do not have classic claudication (are either
asymptomatic or have atypical symptoms) a reduced
ABI is highly associated with reduced limb function.
This is defined as reduced walking speed and/or
a shortened walking distance during a timed 6-minute
walk. From a systemic perspective, a reduced ABI is
a potent predictor of the risk of future cardiovascular
events, as discussed in section B1l.1. This risk is re-
lated to the degree of reduction of the ABI (lower
ABI predicts higher risk) and is independent of
other standard risk factors. The ABI thus has the
potential to provide additional risk stratification in
patients with Framingham risk between 10% and
20% in 10 years, in that an abnormal ABI in this in-
termediate-risk group would move the patient to
high risk in need of secondary prevention whereas
a normal ABI would lower the estimate of risk indi-
cating the need for primary prevention strategies
(see Fig. B1).

The ABI should become a routine measurement in
the primary care practice of medicine. When used in
this context, screening of patients aged 50—69 years
who also had diabetes or a smoking history, or screen-
ing all persons over the age of 70 resulted in a preva-
lence of PAD of 29%."" The reproducibility of the ABI
varies in the literature, but it is significant enough that
reporting standards require a change of 0.15 in an
isolated measurement for it to be considered clinically
relevant, or >0.10 if associated with a change in clin-
ical status. The typical cut-off point for diagnosing
PAD is <0.90 at rest.

The value of a reduced ABI is summarized as
follows:

o Confirms the diagnosis of PAD

o Detects significant PAD in (sedentary) asymptom-
atic patients
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Right ABI = ratio of

Higher of the right ankle systolic pressures (posterior tibial or dorsalis pedis)

Higher arm systolic pressure (left or right arm)

Left ABI = ratio of

Higher of the left ankle systolic pressures (posterior tibial or dorsalis pedis)

Higher arm systolic pressure (left or right arm)

Fig. C1. Measurement of the ABI. ABI — ankle-brachial index.

e Used in the differential diagnosis of leg symptoms
to identify a vascular etiology

o Identifies patients with reduced limb function (in-
ability to walk defined distances or at usual walking
speed)

e Provides key information on long-term prognosis,
with an ABI <0.90 associated with a 3—6-fold in-
creased risk of cardiovascular mortality

e Provides further risk stratification, with a lower ABI
indicating worse prognosis

 Highly associated with coronary and cerebral artery
disease

o Can be used for further risk stratification in patients
with a Framingham risk score between 10%—20%.

In some patients with diabetes, renal insufficiency, or
other diseases that cause vascular calcification, the tib-
ial vessels at the ankle become non-compressible. This
leads to a false elevation of the ankle pressure. These
patients typically have an ABI >1.40 and, in some of
these patients, the Doppler signal at the ankle cannot
be obliterated even at cuff pressures of 300 mmHg. In
these patients additional non-invasive diagnostic test-
ing should be performed to evaluate the patient for
PAD (discussed in section G1.3). Alternative tests in-
clude toe systolic pressures, pulse volume recordings,
transcutaneous oxygen measurements or vascular
imaging (most commonly with duplex ultrasound).
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When any of these tests is abnormal, a diagnosis of
PAD can be reliably made.

Recommendation 12. Recommendations for
ankle-brachial index (ABI) screening to detect
peripheral arterial disease in the individual
patient.

An ABI should be measured in:

« All patients who have exertional leg symptoms
[B].

« All patients between the age of 50—69 and who
have a cardiovascular risk factor (particularly
diabetes or smoking) [B].

o All patients age >70 years regardless of risk-
factor status [B].

e All patients with a Framingham risk score
10%—20% [C].

C2.2 Exercise testing to establish the diagnosis
of peripheral arterial disease

As discussed above, patients with claudication who
have an isolated iliac stenosis may have no pressure
decrease across the stenosis at rest and, therefore,
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a normal ABI at rest. However, with exercise the
increase inflow velocity will make such lesions hemo-
dynamically significant. Under these conditions, exer-
cise will induce a decrease in the ABI that can be
detected in the immediate recovery period and thus
establish the diagnosis of PAD. The procedure requires
an initial measurement of the ABI at rest. The patientis
then asked to walk (typically on a treadmill at 3.2 km/h
(2 mph), 10%—12% grade) until claudication pain
occurs (or a maximum of 5 minutes), following which
the ankle pressure is again measured. A decrease in
ABI of 15%—20% would be diagnostic of PAD. If a tread-
mill is not available then walking exercise may be per-
formed by climbing stairs or in the hallway.

C2.3 Alternative stress tests for patients who cannot
perform treadmill exercise

Certain patient populations should not be asked to
undergo treadmill testing as previously described,
including those who have severe aortic stenosis, uncon-
trolled hypertension or patients with other exercise-
limiting co-morbidities, including advanced congestive
heart failure or chronic obstructive pulmonary disease.*”

Patients who cannot perform treadmill exercise can
be tested with active pedal plantar flexion. Active
pedal plantar flexion has demonstrated excellent
correlation with treadmill testing, and should be
considered an appropriate alternative to treadmill
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testing. A second alternative is to inflate a thigh cuff
well above systolic pressure for 3 to 5 minutes, pro-
ducing a similar degree of “reactive” hyperemia.
The decrease in ankle pressure 30 seconds after cuff
deflation is roughly equivalent to that observed
1 minute after walking to the point of claudication
on a treadmill. Unfortunately, many patients do not
tolerate the discomfort associated with this degree
and duration of cuff inflation and, in modern vascular
laboratories, this is rarely performed.

Discussion of additional diagnostic tests to estab-
lish the diagnosis of PAD can be found in section G.

Fig. C2 shows an algorithm for the diagnosis of PAD.

C3 Outcome Assessment of Intermittent
Claudication in Clinical Practice

Intermittent claudication is a symptom of peripheral
arterial disease that profoundly limits the patient’s
ability to walk and as a result is associated with a re-
duced exercise performance. This reduction in exercise
performance can be easily quantified with a graded
treadmill test where the time of onset of claudication
pain (claudication onset time) and peak walking time
can be determined at baseline. The treadmill test will
also allow the clinician to determine if the patient
experiences typical claudication pain with exercise,
or other symptoms that limit exercise. This assessment
will help guide therapy because if claudication is not

— Age =70 years

— Age 50-69 years and smoking or diabetes

— Leg symptoms with exertion or reduced physical functioning
— Abnormal leg vascular exam
— Assessment of cardiovascular risk

Measure Ankle/Brachial Index (ABI)

0.91-1.40

<0.090

Vascular Laboratory:
— TBIl or VWF

Claudication symptoms
— ABI Treadmill test

— Duplex imaging
-PVR

Decreased post
exercise ABI

I—

|
Normal results: No PAD | | Abnormal results |

Normal post-exercise
ABI: No PAD

Evaluate other causes |

| Peripheral arterial di I

Fig. C2. Algorithm for diagnosis of peripheral arterial disease. TBI — toe brachial index; VWF — velocity wave form; PVR —
pulse volume recording. Reproduced with permission from Hiatt WR. N Engl | Med 2001;344:1608—1621.
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the major symptom limiting exercise then specific
claudication therapies may not be indicated.

Once claudication is established as the major symp-
tom limiting exercise, then the primary goal of claudi-
cation therapy is to relieve the symptoms during
walking and improve exercise performance and com-
munity activities. Appropriate treatment of the claudi-
cant must address both the specific lower-extremity
disability and the systemic impact of the disease. Ide-
ally, treatment will result in an improvement in both
the vascular status of the lower extremity and reduce
the patient’s subsequent risk of fatal and non-fatal car-
diovascular events. In clinical trials of claudication
therapy, the primary endpoint is usually a treadmill
test of the peak walking time or distance as well as
the time or distance for the onset of claudication.®®
The same parameters can be assessed to determine
the clinical benefit of any claudication therapy in an in-
dividual patient. In addition, changes in the physical
domains of the Medical Outcomes Short Form 36 (SF-
36) or the Walking Impairment Questionnaire (WIQ)
serve as patient-based measures of treatment effect.
The complete assessment of the outcomes of treatment
of the claudicant, therefore, requires the use of both
clinical and patient-based parameters.

Recommendation 13. Determining success of
treatment for intermittent claudication.

Patient-based outcome assessment (including
a focused history of change in symptoms) is the
most important measure; however, if quantitative
measurements are required the following may be
used:

1. Objective measures include an increase in peak
exercise performance on a treadmill [B].

2. Patient-based measures would include an
improvement on a validated, disease-specific
health status questionnaire; or the physical
functioning domain on a validated generic
health status questionnaire [B].

C4 Treatment of Intermittent Claudication

C4.1 Overall strategqy and basic treatment
for intermittent claudication

C4.1.1 Overall strategy

Patients with claudication experience reversible muscle
ischemia during walking that is characterized by
cramping and aching in the affected muscle. These
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symptoms result in a severe limitation in exercise per-
formance and walking ability. The exercise limitation is
associated with marked impairments in walking dis-
tance, walking speed and overall function. Patients
with claudication are physically impaired and, there-
fore, the treatment goals are to relieve symptoms,
improve exercise performance and daily functional
abilities. The initial approach to the treatment of limb
symptoms should focus on structured exercise and,
in selected patients, pharmacotherapy to treat the exer-
cise limitation of claudication (risk factor modification
and antiplatelet therapies are indicated to decrease the
risk of cardiovascular events and improve survival).
Failure to respond to exercise and/or drug therapy
would lead to the next level of decision making, which
is to consider limb revascularization. However, in pa-
tients in whom a proximal lesion is suspected (findings
of buttocks claudication, reduced or absent femoral
pulse) the patient could be considered for revasculari-
zation without initially undergoing extensive medical
therapy. The overall strategy is summarized in Fig. C3.

C4.1.2 Exercise rehabilitation
In patients with claudication, there is a considerable
body of evidence to support the clinical benefits of
a supervised exercise program in improving exercise
performance and community-based walking ability.
This intervention has been thoroughly reviewed,
both in terms of mechanism of the training effect,
as well as practical guidelines for the exercise
program.’*?® Several studies have suggested that
some level of supervision is necessary to achieve opti-
mal results (general, unstructured recommendations
to exercise by the physician do not result in any clinical
benefit). In prospective studies of supervised exercise
conducted for 3 months or longer, there are clear in-
creases in treadmill exercise performance and a lessen-
ing of claudication pain severity during exercise.”

The predictors of response to the training program
include achieving a high level of claudication pain dur-
ing the training sessions and 6 months or longer of
formal training and walking exercise (versus other
training modalities). Training on a treadmill has been
shown to be more effective than strength training or
combinations of training modalities. However, different
modes of exercise training have been applied including
upper extremity cycle ergometer exercise that is
associated with a training response. The mechanisms
of response to exercise training have been reviewed
previously and include improvements in walking effi-
ciency, endothelial function and metabolic adaptations
in skeletal muscle.”

The exercise prescription should be based on
exercise sessions that are held three times a week,
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Peripheral Arterial Disease

Risk factor modification:

Smoking cessation

LDL cholesterol < 100 mg/dL
LDL < 70mg/dL if high risk
HbA1c < 7.0%

BP < 140/90 mmHg

BP < 130/80 mmHg if diabetic
or renal disease

Antiplatelet therapy
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No limitation to quality of life
or reduced exercise capacity:
- Monitor patient for loss
of function

Limitation that affects quality of life:
- History of significant exercise limitation
or
- Reduced treadmill performance
or
- Reduced function by questionnaire

v

v

pharmacotherapy
(see secton C.2.4.1)

Claudication medical therapy
- Supervised exercise or

| Suspected proximal lesion

v v

Improved symptoms |

Symptoms not improved
or deteriorated

v v

Localize the lesion:

- Conventional angio

- MRA or CTA

- Ultrasound

- Hemodynamic
localization

v

Revascularization
- Endovascular
- Surgical

Fig. C3. Overall treatment strategy for peripheral arterial disease. BP — blood pressure; HbAlc — hemoglobin Alc; LDL —
low density lipoprotein, MRA — magnetic resonance angiography; CTA — computed tomographic angiography.
Reproduced with permission from Hiatt WR. N Engl ] Med 2001;344:1608—1621.

beginning with 30 minutes of training but then increas-
ing to approximately 1 hour per session. During the ex-
ercise session, treadmill exercise is performed at
a speed and grade that will induce claudication within
3—5 minutes. The patient should stop walking when
claudication pain is considered moderate (a less
optimal training response will occur when the patient
stops at the onset of claudication). The patient will then
rest until claudication has abated, after which the
patient should resume walking until moderate

claudication discomfort recurs. This cycle of exercise
and rest should be at least 35 minutes at the start of
the program and increase to 50 minutes as the patient
becomes comfortable with the exercise sessions
(but always avoiding excessive fatigue or leg discom-
fort). In subsequent visits, the speed or grade of the
treadmill is increased if the patient is able to walk for
10 minutes or longer at the lower workload without
reaching moderate claudication pain. Either speed
or grade can be increased, but an increased grade is

Eur ] Vasc Endovasc Surg Vol 33, Supplement 1, 2007



S30

recommended if the patient can already walk at 2 mph
(3.2 km/h). An additional goal of the program is to
increase patient walking speed up to the normal
3.0 mph (4.8 km/h) from the average PAD patient
walking speed of 1.5—2.0 mph (approximately 2.4—
3.2km/h).

Many patients may have contraindications for exer-
cise (e.g. severe CAD, musculoskeletal limitations or
neurological impairments). Other patients may be un-
willing to participate in supervised sessions if they
have long distances to travel to the exercise facility, if
an appropriate rehabilitation program is not available
in their area, or if the expenses incurred are too great.
The prevalence of contraindications to an exercise pro-
gram ranges from 9%—34% depending on the popula-
tion studied. The major limitation of exercise
rehabilitation is the lack of availability of a supervised
setting to refer patients. Though exercise therapy is of
proven effectiveness, some patients are simply not
willing to persist with an exercise program in order to
maintain the benefit. In addition, a claudication
exercise program in a patient with diabetes who has
severe distal neuropathy may precipitate foot lesions
in the absence of proper footwear.

Recommendation 14. Exercise therapy in inter-
mittent claudication

¢ Supervised exercise should be made available
as part of the initial treatment for all patients
with peripheral arterial disease [A].

o The most effective programs employ treadmill
or track walking that is of sufficient intensity
to bring on claudication, followed by rest,
over the course of a 30—60 minute session. Ex-
ercise sessions are typically conducted three
times a week for 3 months [A].

C4.2 Pharmacotherapy for intermittent claudication

Patients with IC should all receive drug and lifestyle
treatment for their cardiovascular risk factors and coex-
isting diseases to prevent cardiovascular events
(myocardial infarction, stroke and death) associated
with atherosclerosis. However, this approach will typ-
ically not provide a significant reduction or elimination
of symptoms of claudication. Thus, claudication drug
therapy for relief of symptoms typically involves differ-
ent drugs than those that would be used for risk reduc-
tion (an exception may be lipid-lowering therapy).
However, a number of types of drugs have been

Eur J Vasc Endovasc Surg Vol 33, Supplement 1, 2007

L. Norgren and W. R. Hiatt et al.

promoted for symptom relief, with varying levels of
evidence to support their use. Not all the drugs
presented in this section are universally available, so
access to certain agents may be limited in certain coun-
tries. Finally, current drug therapy options do not
provide the same degree of benefit as does a supervised
exercise program or successful revascularization.

C4.2.1 Drugs with evidence of clinical utility in
claudication
Note that not all these drugs are available in every country

Cilostazol

Cilostazol is a phosphodiesterase III inhibitor with
vasodilator, metabolic and antiplatelet activity. The
benefits of this drug have been described in a meta-
analysis of six randomized, controlled trials involving
1751 patients, including 740 on placebo, 281 on cilos-
tazol 50 mg twice-daily (BID), 730 on cilostazol
100 mg BID. The 73 on cilostazol 150 mg BID and
232 on pentoxifylline 400 mg thrice-daily (TID) were
excluded from the analysis.”” This analysis demon-
strated that the net benefit of cilostazol over placebo
in the primary endpoint of peak treadmill perfor-
mance ranged from 50—70 meters depending on the
type of treadmill test performed. Cilostazol treatment
also resulted in a significant overall improvement in
the quality of life measures from the WIQ and SF-
36. In a study comparing cilostazol to pentoxifylline,
cilostazol was more effective.” Side effects included
headache, diarrhea, and palpitations. An overall
safety analysis of 2702 patients revealed that the rates
of serious cardiovascular events, and all-cause and
cardiovascular mortality was similar between drug
and placebo groups.”* However, since the drug is in
the phosphodiesterase III inhibitor class of drugs, it
should not be given to patients with any evidence of
congestive heart failure because of a theoretical con-
cern for increased risk of mortality. This drug has
the best overall evidence for treatment benefit in
patients with claudication.

Naftidrofuryl

Naftidrofuryl has been available for treating in-
termittent claudication for over 20 years in several
European countries. It is a 5-hydroxytryptamine
type 2 antagonist and may improve muscle metabo-
lism, and reduce erythrocyte and platelet aggregation.
In a meta-analysis of five studies involving a total of
888 patients with intermittent claudication, naftidro-
furyl increased pain-free walking distance by 26%
compared with placebo (p=0.003).”> Similar results
showing benefits on treadmill performance and quality
of life were confirmed in three recent studies of over
1100 patients followed for 6—12 months.”*”*® In all
three studies the same dose of 600 mg/day was
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administered. Side effects were minor and not
different to placebo; most frequently occurring com-
plaints in the different studies were mild gastro-
intestinal disorders.

C4.2.2 Drugs with supporting evidence of clinical
utility in claudication

Carnitine and Propionyl-L-Carnitine

Patients with peripheral arterial disease develop
metabolic abnormalities in the skeletal muscles of
the lower extremity. Thus, claudication is not simply
the result of reduced blood flow, and alterations
in skeletal muscle metabolism are part of the patho-
physiology of the disease. L-carnitine and propionyl-
L-carnitine interact with skeletal muscle oxidative
metabolism, and these drugs are associated with im-
proved treadmill performance. Propionyl-L-carnitine
(an acyl form of carnitine) was more effective than
L-carnitine in improving treadmill walking distance.
In two multicenter trials of a total of 730 patients,
initial and maximal treadmill walking distance
improved more with propionyl-L-carnitine than
placebo.””'® The drug also improved quality of life
and had minimal side effects as compared with
placebo. Additional trials in the broad population
of patients with claudication will be necessary to es-
tablish the overall efficacy and clinical benefit of
these drugs.

Lipid lowering drugs

Patients with PAD have endothelial and metabolic
abnormalities secondary to their atherosclerosis,
which may be improved with statin therapy. There
are several promising studies evaluating the effects
of statin drugs on exercise performance. While the re-
sults are preliminary, several positive trials suggest
that further study is warranted.'’'> Further studies
are ongoing to determine the clinical benefits of
these observations, including prevention of disease
progression in addition to symptom relief.

C4.2.3 Drugs with insufficient evidence of clinical
utility in claudication

Pentoxifylline

Pentoxifylline lowers fibrinogen levels, improves red
cell and white cell deformability and thus lowers blood
viscosity. While early trials were positive on the end-
point of improvement in treadmill exercise perfor-
mance, later studies demonstrated that pentoxifylline
was no more effective than placebo on improving tread-
mill walking distance or functional status assessed
by questionnaires. Several meta-analyses have con-
cluded that the drug is associated with modest increases
in treadmill walking distance over placebo, but the
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overall clinical benefits were questionable.'®'%

The clinical benefits of pentoxifylline in improving
patient-assessed quality of life have not been exten-
sively evaluated. While tolerability of the drug is
acceptable, pentoxifylline does not have an extensive
safety database.

Isovolemic hemodilution

Isovolemic hemodilution has been advocated for
the treatment of claudication, presumably by lower-
ing viscosity of whole blood, but it is still uncertain
whether the increase in blood flow compensates for
the decrease in oxygen-carrying capacity of the blood.
There are insufficient trials to support this therapy
and it is only of historical interest.

Antithrombotic agents

Aspirin/ASA and other antiplatelet agents (clopi-
dogrel) are important in the long-term treatment of
patients with PAD to reduce their risk of cardiovascu-
lar events with well established efficacy. However, no
studies have shown a benefit of antiplatelet or anti-
coagulant drugs in the treatment of claudication.'*®

Vasodilators

Arteriolar vasodilators were the first class of
agents used to treat claudication. Examples include
drugs that inhibit the sympathetic nervous system
(alpha blockers), direct-acting vasodilators (papaver-
ine), beta2-adrenergic agonists (nylidrin), calcium
channel blockers (nifedipine) and angiotensin-
converting enzyme inhibitors. These drugs have not
been shown to have clinical efficacy in randomized,
controlled trials.'"” There are several theoretical
reasons why vasodilators may not be effective, in-
cluding the possibility that vasodilator drugs may
create a steal phenomenon by dilating vessels in
normally perfused tissues thus shifting the distribu-
tion of blood flow away from muscles supplied by
obstructed arteries.

L-Arginine

L-arginine has the ability to enhance endothelium-
derived nitric oxide and, thus, improve endothelial
function. One study of nutritional supplementation
with L-arginine improved pain-free but not peak
walking time.'”® However, a recent study of L-arginine
treatment in acute myocardial infarction showed no
clinical benefit and excess mortality.'”® Further studies
would be needed to determine if this treatment would
have benefit and no unacceptable risk.

Acyl coenzyme A-cholesterol acyltransferase inhibitors

Drugs in this class may reduce cholesterol accumu-
lation in arterial plaque, thus affecting the natural
history of atherosclerosis. A study with avasimibe
in claudication demonstrated no clear evidence of
efficacy and possible adverse effects on low-density
lipoprotein cholesterol levels.'"”
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5-Hydroxytryptamine antagonists

Ketanserin is a selective serotonin (52) antagonist
that lowers blood viscosity and also has vasodilator
and antiplatelet properties. Controlled trials of this
drug have shown it not to be effective in treating
claudication."'” Importantly, the drug has been associ-
ated with increased risk of mortality in a subgroup of
patients treated with potassium-wasting diuretics,
precluding its role for any indication.'"!

AT-1015 is a selective 5-hydroxytryptamine antago-
nist that was studied in multiple doses in claudication.
The drug was ineffective, and there were toxicity con-
cerns at the highest dose."'? Therefore, this drug cannot
be recommended at this time.

Sarpogrelate showed promising results in 364 pa-
tients followed for 32 weeks, without safety concerns.'®
Additional trials will be necessary to determine the
overall benefits and safety of drugs in this class.

Prostaglandins

Prostaglandins have been used in several studies in
patients with critical leg ischemia with some success
in wound healing and limb preservation. In patients
with claudication, prostaglandin E; (PGE;) has been
best studied. Intravenous administration of a prodrug
of PGE,; showed positive effects on treadmill per-
formance."'* Several studies have been performed
with oral beraprost. While there was a positive trial
in Europe, there have been negative trials in the
USA.">!1® While intravenous administration of
PGE; may have modest benefits, the overall evidence
does not support the use of this drug class for
claudication.

Buflomedil

Buflomedil has an alpha-1 and -2 adrenolytic effects
that result in vasodilatation. This drug has antiplatelet
effects, results in improvements in red cell deformabil-
ity and weakly antagonizes calcium channels. Two rel-
atively small studies have shown marginally positive
effects on treadmill performance.117’118 However, con-
cerns have been raised about publication bias of only
positive trials. Therefore, evidence is insufficient to
support the use of this agent at this time.

Defibrotide

Defibrotide is a polydeoxyribonucleotide drug
with antithrombotic and hemorheological properties.
Several small studies suggest a clinical benefit, but
larger trials would be necessary to better understand
the clinical benefits and any risks of therapy.''*~"*!

Other agents

Several studies have evaluated the role of Vitamin E,
chelation therapy, omega-3 fatty acids, ginko-biloba
and lowering of homocysteine levels in the treat-
ment of claudication. None of these therapies have
proven effective.
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Recommendation 15. Pharmacotherapy for
symptoms of intermittent claudication

e A 3- to 6-month course of cilostazol should
be first-line pharmacotherapy for the relief of
claudication symptoms, as evidence shows
both an improvement in treadmill exercise
performance and in quality of life [A].

« Naftidrofuryl can also be considered for treat-
ment of claudication symptoms [A].

C5 Future Treatments for Claudication

Angiogenic growth factors

Vascular endothelial growth factor (VEGF) and
basic fibroblast growth factor (bFGF) are mitogenic
agents that stimulate the development of new vessels.
When bFGF protein was given intra-arterially,
patients with claudication had an improvement in ex-
ercise performance.'*> Newer applications deliver the
agent as gene therapy in a viral vector given intra-
muscularly. Unfortunately, initial studies have not
been positive with VEGE.'* Therefore, more studies
will be needed to address the overall efficacy and
modes and frequency of administration of angiogenic
factors in the treatment of claudication.

SECTION D — CHRONIC CRITICAL
LIMB ISCHEMIA

D1 Nomenclature and Definitions

Critical limb ischemia (CLI) is a manifestation of pe-
ripheral arterial disease (PAD) that describes patients
with typical chronic ischemic rest pain (see Table D1,
Fontaine and Rutherford classifications, respectively)
or patients with ischemic skin lesions, either ulcers
or gangrene. The term CLI should only be used in
relation to patients with chronic ischemic disease,
defined as the presence of symptoms for more than
2 weeks. It is important to note in this section that
there are limited data available compared with the
other sections. CLI populations are difficult to study,
with large numbers of patients lost to follow-up or
dying in longitudinal studies, leading to incomplete
data sets.

The diagnosis of CLI should be confirmed by the
ankle-brachial index (ABI), toe systolic pressure or
transcutaneous oxygen tension. Ischemic rest pain
most commonly occurs below an ankle pressure of
50 mmHg or a toe pressure less than 30 mmHg. Other
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Table D1. Classification of peripheral arterial disease: Fontaine’s
stages and Rutherford’s categories

Fontaine Rutherford
Stage Clinical Grade Category Clinical
I Asymptomatic 0 0 Asymptomatic
Ila Mild claudication I 1 Mild claudication
1Ib Moderate to I 2 Moderate
severe claudication
claudication
1 3 Severe
claudication
I Ischemic rest pain  1I 4 Ischemic rest pain
v Ulceration or I 5 Minor tissue loss
gangrene I 6 Major tissue loss

causes of pain at rest should, therefore, be considered
in a patient with an ankle pressure above 50 mmHg,
although CLI could be the cause.

Some ulcers are entirely ischemic in etiology; others
initially have other causes (e.g. traumatic, venous, or
neuropathic) but will not heal because of the severity
of the underlying PAD. Healing requires an inflam-
matory response and additional perfusion above
that required for supporting intact skin and underly-
ing tissues. The ankle and toe pressure levels needed
for healing are, therefore, higher than the pressures
found in ischemic rest pain. For patients with ulcers
or gangrene, the presence of CLI is suggested by an
ankle pressure less than 70 mmHg or a toe systolic
pressure less than 50 mmHg. (It is important to under-
stand that there is not complete consensus regarding
the vascular hemodynamic parameters required to
make the diagnosis of CLI.)

Recommendation 16. Clinical definition of criti-
cal limb ischemia (CLI)

e The term critical limb ischemia should be used
for all patients with chronic ischemic rest pain,
ulcers or gangrene attributable to objectively
proven arterial occlusive disease. The term
CLI implies chronicity and is to be distin-
guished from acute limb ischemia [C].

D1.1 Patients presumed at risk for critical limb ischemia

A subgroup of PAD patients fall outside the definition
of either claudication or CLI. These patients have
severe PAD with low perfusion pressures and low
ankle systolic pressures, but are asymptomatic. They
are usually sedentary and, therefore, do not claudicate,
or they may have diabetes with neuropathy and
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reduced pain perception. These patients are presumed
vulnerable to develop clinical CLIL. The natural
history of this subgroup of severe PAD is not well-
characterized, but outcomes of excess mortality and
amputation would be expected. The term ‘chronic sub-
clinical ischemia” has been ascribed to this subgroup.

Natural history studies of claudication document
that few patients progress to CLL. Many patients who
present with CLI are asymptomatic prior to its devel-
opment.”* However, research in this area is lacking,
understandably, for patients who are asymptomatic
and can only be detected by more routine ABI testing.

D1.2 Prognosis

It is important to diagnose CLI because it confers
a prognosis of high risk for limb loss and for fatal
and non-fatal vascular events, myocardial infarction
and stroke. In general, the prognosis is much worse
than that of patients with intermittent claudication.
Observational studies of patients with CLI who are
not candidates for revascularization suggest that
a year after the onset of CLI, only about half the
patients will be alive without a major amputation,
although some of these may still have rest pain,
gangrene or ulcers (see section A). Approximately
25% will have died and 25% will have required
a major amputation. Their prognosis is in many
ways similar to that of some malignancies. The
diagnosis of CLI thus predicts a poor prognosis for
life and limb. Patients should have aggressive modi-
fication of their cardiovascular risk factors and should
be prescribed antiplatelet drugs. Ultimately, much of
the care of CLI patients is palliative in nature, an
issue that is very important when considering
revascularization or amputation.

Recommendation 17. Cardiovascular risk modifi-
cation in critical limb ischemia (CLI)

o CLI patients should have aggressive modifica-
tion of their cardiovascular risk factors [A].

D2 Clinical Presentation and Evaluation
D2.1 Pain
CLI is dominated by pedal pain (except in diabetic pa-

tients, where superficial pain sensation may be altered
and they may experience only deep ischemic pain,
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such as calf claudication and ischemic rest pain). In
most cases, the pedal pain is intolerably severe; it
may respond to foot dependency, but otherwise re-
sponds only to opiates. The pain is caused by ische-
mia, areas of tissue loss, ischemic neuropathy or
a combination of these; it occurs or worsens with re-
duction of perfusion pressure. In most cases, walking
capacity is very severely impaired, with walking often
becoming almost impossible.

Ischemic rest pain most typically occurs at night
(when the limb is no longer in a dependent position)
but in severe cases can be continuous. The pain is local-
ized in the distal part of the foot or in the vicinity of an
ischemic ulcer or gangrenous toe. The pain often wakes
the patients at night and forces them to rub the foot, get
up, or take a short walk around the room. Partial relief
may be obtained by the dependent position, whereas
elevation and cold increase the severity of the pain. Of-
ten, patients sleep with their ischemic leg dangling
over the side of the bed, or sitting in an armchair; as
a consequence ankle and foot edema develop. In severe
cases, sleep becomes impossible because pain sets in
after only a short period of supine rest, causing in
many patients a progressive further decline of their
general physical and psychological condition.

Ischemic rest pain is often accompanied by pain
caused by peripheral ischemic neuropathy, the mecha-
nism of which is not well established. This results in
severe, sharp, shooting pain that does not necessarily
follow the anatomic distribution of the nerves but usu-
ally is most pronounced at the distal part of the extrem-
ity. The pain often occurs at night, with episodes lasting
minutes to hours but with constant diffuse pain re-
maining in between. Ischemic rest pain should not be
confused with neuropathic pain (see section D4.1).

D2.2 Ulcer and gangrene

Patients with CLI may also present with ischemic ul-
cers or gangrene. It is important to note that some pa-
tients may progress through rest pain into tissue loss.
However, in many patients, notably those with dia-
betic neuropathy, the initial presentation is with a neu-
roischemic ulcer or gangrene. There are significant
differences between patients with and without diabe-
tes at this stage of CLI; these are delineated in section
D2.4 which specifically addressed diabetic foot ulcers.

Gangrene usually affects the digits or, in a bedridden
patient, the heel (as this is a pressure point). In severe
cases, gangrene may involve the distal parts of the fore-
foot. It is usually initiated by a minor local trauma.
Local pressure (ill fitting shoes) or the use of local
heat (increasing metabolic demands) can also lead to
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ulcer and gangrene formation on other locations on
the foot or leg. Gangrenous tissue, if not infected, can
form an eschar, shrink and eventually mummify and,
if the underlying circulation is adequate enough (or
has been made adequate enough by treatment) to sup-
port the process, spontaneous amputation may follow.
In contrast to the focal and proximal atherosclerotic
lesions of PAD found typically in other high-risk
patients, in patients with CLI and diabetes the occlu-
sive lesions are more likely to be more diffuse and dis-
tally located, particularly in infrageniculate arteries.
Importantly, PAD in patients with diabetes is usually
accompanied by peripheral neuropathy with impaired
sensory feedback, enabling the silent progression of
the ischemic process. Thus, a patient with diabetes
and severe, asymptomatic PAD could also have a ‘piv-
otal event’ that leads acutely to an ischemic ulcer and
a limb-threatening situation. A common example is
the use of new, tight or ill fitting shoes in a patient
with neuropathy. Thus, an asymptomatic, usually
undiagnosed patient can lapse, apparently abruptly,
into CLI. By identifying a patient with sub-clinical dis-
ease and instituting preventive measures, it may be
possible to avoid CLI or at least prompt early referral
if the patient develops CLI.

D2.3 Differential diagnosis of ulcers

The majority of lower-leg ulcers above the ankle have
a venous origin whereas ulcers in the foot are most
likely due to arterial insufficiency (see Fig. D1).

Table D2 depicts the common characteristics of foot
and leg ulcers.

D2.4 Diabetic foot ulcers

While CLI is a significant risk factor for non-healing
of diabetic foot ulcers, it is not the sole major factor
associated with the development of diabetic foot
lesions. Diabetic foot ulcers are, therefore, discussed
separately in this section. Fig. D2 demonstrates
the distribution of diabetic foot ulcers. Diabetic foot
complications are the most common cause of non-
traumatic lower extremity amputations in the world.
It is estimated that 15% of people with diabetes
will develop a foot ulcer during their lifetime and
approximately 14%—24% of people with a foot ulcer
will require an amputation. Up to 85% of amputations
may be prevented by early detection and appropriate
treatment.'** Risk factors for ulcer formation include
peripheral neuropathy, which leads to an insensate
foot and structural foot deformity. It is estimated
that approximately 30% of people with diabetes
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Foot Ulcers

Multifactorial

Diabetic (neuropathic

Other or neuroischemic)

Venous
Arterial
Above Foot Ulcers
Diabetic
(neuropathic or
neuroischemic)
Other
Multifactorial
Mixed arterial
venous
Arterial Venous

Fig. D1. Approximate frequencies of various ulcer

etiologies.

have mild-to-severe forms of diabetic nerve damage.
Many diabetic foot ulcers and lower extremity ampu-
tations can be prevented through early identification
of the patient at risk and preventive foot care, by

Table D2. Characteristics of common foot and leg ulcers
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both the health care provider and the patient, as
described in the section D6 on the prevention of CLL

D2.4.1 Pathways to ulceration

The most common pathway associated with the
development of diabetic ulcers include: neuropathy
(loss of protective sensation), coupled with pressure
points (foot deformity) and repetitive activity.'*®
Motor nerve defects and limited joint mobility
can cause foot deformities, with pressure points
further predisposing the patient to foot lesions.
Consequences of autonomic neuropathy include loss
of sweating, dry fissured skin and increased arteriove-
nous shunting. Healing requires a greater increase in
perfusion than needed to maintain intact skin.

D2.4.2 Types of ulcers and presentation

Diabetic foot ulcerations can be divided into three
broad categories: ischemic, neuro-ischemic and neu-
ropathic ulcers. The presentation of the classical neu-
ropathic and ischemic ulcers is depicted in Table D3.
Although the majority of diabetic ulcers are neuro-
pathic (Fig. D3), ischemia has to be excluded in all
ulcers given its major impact on outcome. All patients
with a foot ulcer should have an objective assessment
of their vascular status at first presentation and on
a regular basis; the assessment should include history
(claudication), pulses and ABI. Pulse examination
alone is an inadequate vascular examination in these
patients. Any diabetic patient with a foot ulcer should
be further evaluated in the vascular laboratory (see
section G).

Increased arteriovenous shunt blood flow, due to
autonomic neuropathy, can result in a relatively
warm foot, falsely reassuring the clinician. The clini-
cian should be aware of the relative incompressibility
of calcified distal arteries in a diabetic, such that the

Origin Cause Location Pain Appearance Role of
revascularization

Arterial Severe PAD, Buerger’s  Toes, foot, ankle Severe Various shape, Important
disease, pale base, dry

Venous Venous insufficiency Malleolar, esp. medial Mild Irregular, pink None

base, moist

Mixed venous/arterial Venous Usually malleolar Mild Irregular, pink base  If non-healing
insufficiency + PAD

Skin infarct Systemic disease, Lower third of leg, malleolar ~ Severe Small, often multiple None
embolism

Neuropathic Neuropathy from Foot/plantar surface None Surrounding callus,  None
diabetes, vitamin (weight-bearing), often deep, infected
deficiency, etc associated deformity

Neuroischemic Diabetic Locations common to both Reduced As arterial As arterial
neuropathy +ischemia ischemic and neuroischemic  due to

As arterial neuropathy
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Fig. D2. Distribution of diabetic foot ulcers.'*> Copyright © 1999 American Diabetes Association from Diabetes Care, Vol. 22,
1999; 157—162. Modified with permission from The American Diabetes Association.

ABI may be within normal limits. Due to the possibil-
ity of a falsely elevated ABI, the importance of toe
pressures and tcPO, measurements cannot be under-
estimated (see section D5). Some patients have clear
signs of critical limb ischemia — for example a toe or
tcPO, pressure <30 mmHg — while in others the
blood flow is impaired to a lesser degree — for exam-
ple toe pressures between 30—70 mmHg — but they
are still unable to heal foot lesions.

Symptoms and signs of neuropathic versus ischemic
ulcers appear in Table D3.

Recommendation 18. Evaluation of peripheral
arterial disease (PAD) in patients with diabetes

o All diabetic patients with an ulceration should
be evaluated for PAD using objective testing [C].

Table D3. Symptoms and signs of neuropathic versus ischemic

ulcers

Neuropathic ulcer

Ischemic ulcer

Painless

Normal pulses

Regular margins, typically
punched-out appearance
Often located on plantar
surface of foot

Presence of calluses

Loss of sensation, reflexes
and vibration

Increase in blood flow
(AV shunting)

Dilated veins

Dry, warm foot

Bony deformities

Red appearance

Painful
Absent pulses
Irregular margins

Commonly located on toes,
glabrous margins

Calluses absent

or infrequent

Variable sensory findings

Decrease in blood flow

Collapsed veins
Cold foot

No bony deformities
Pale, cyanotic
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D3 Macrocirculatory Pathophysiology in
Critical Limb Ischemia

CLI occurs when arterial lesions impair blood flow to
such an extent that the nutritive requirements of the
tissues cannot be met. This is usually caused by mul-
tilevel arterial occlusive disease.'?® In some cases, the
hemodynamic consequences of arterial lesions may be
compounded by a decreased cardiac output.

CLI is considered to be the result of multisegment
arterial occlusive disease in most cases. Realizing
this is most important in managing patients with pre-
sumed rest pain, as the influence of circulation on the
pain syndrome can be difficult to determine, partic-
ularly in a patient with