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Pe3tome. 3abonesaHve nepudepmyecknx aptepuin HUKHUX kKoHeuHocTen (3MA) nopaxaet 6onee 230 MuIANOHOB
B3POC/bIX NALMEHTOB BO BCEM MUPE €XErofHO0. ATO YUCIIO YKa3blBAET Ha BbICOKYI PacnpoOCTPaHEHHOCTb AaHHOMO
3aboneBaHNs 1 CBA3AHHbIX C HUM HEraTUBHbIX KIIMHUYECKUX UCXOA0B, HanpuMep, uemnyeckon bonesHu cepaua,
nHcynbTa u amnyTayuun. Victopuyeckn 3MNA HegooLeHNBaNOCb MEANLMHCKUMM paBoTHUKaMK 1 nalueHTaMm no
HecKoNbKUM npuynHam. OgHa U3 HUX — OrpaHuyeHHas 4OCTYNHOCTb B KIMHUKAX 4UAarHOCTUYECKOro Tecta nepeo
nuHum ansa 3MMA, Takoro kak nogbiKe4YHO-NnevyeBon MHAEKC. ATOT TeCT NO3BONSET ONPEAENUThL Hannune CTeH03a
W OKKITKO3UU apTePUn HWXHKUX KOHeYHocTen. Elle ogHa npuyMHa — HenpaBunbHOE NpeAcTaBneHne o ToM, Y4To
3aboneBaHus coCyLoB HOT He ABNATCA daTanbHbiMu. OgHako 3a nocneaHue roabl Bbino NPOBEAEHO HECKOMbKO
nccnefoBaHuin, KOTOpbIE Nokasanu HeJoCTaTOYHOE CMNOMb30BaHME Hay4HO 060CHOBAHHOM Tepaniuu y nayneHToB
c 3MA. 370 ykasblBaeT Ha TO, 4TO HaM HeobxoAMMO 06HOBUTL CBOW 3HAHWS 0 3M1A 1 ynyYLWUTb NPAKTUKY TEYEHUS.
[aHHoe nccnenosaHune npefacTaBnseT coboi nHopmaymo o coBpemenHon anugemuonorum 3MA, Bknoyas pac-
NPOCTPaHeHHOCTb 3aboneBaHns, BpeMeHHbIE TEHAEHLMM, (haKTOpbl pUcka 1 ocnoxHeHns. OHO Takxe ocBeLyaeT
COBPEMEHHbIE METOAbI ANArHOCTUKI, Take Kak (U3nonormyeckme TecTol U MeTOAbl BU3yanusaLum, 1 OCHOBHbIE
npobenbl B neveHun 3MMA, BKIoYas MEAMKAMEHTO3HYI0 Tepanuio, neyebHyto dusKkynbTypy 1 peBackynspusauuto. 310t
HayYHbIil MaTepuan NOMOXeT CneumanucTam 3apaBooxpaHenns ObiTb B Kypce nocnegHux AOCTUXeHW B obnacTu
3MA v obecneuunTb NaumeHTam onTUMarnbHoe neveHne. B uenom 6onesHb nepudepuieckux apTepuit HUKHUX KOHeY-
HOCTEN ABNSETCA CePbE3HON 1 pacnpocTpaHeHHo Npobnemon, kotopas TpebyeT BHUMaHWUS 1 NocnefoBaTeNbHOMO
noaxofa K AMarHoCTUKe 1 neveHnto. HayyHble UcCrefoBaHuUs UrpaloT BaxHYO posib B 0becneyeHnn onTuMarbHo
3a60Tbl 0 naunenTax ¢ 3MMA 1 CHUKEHUM UX PUCKA OCNOXHEHUI.

KntoueBble cnoBa: aTepocKsiepos; apTepna, HNXHAA KOHEYHOCTb; annaemMunoniornsa; cocyn.
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Abstract. Lower extremity peripheral artery disease (PAD) affects >230 million adults worldwide and is associated
with increased risk of various adverse clinical outcomes (other cardiovascular diseases such as coronary heart disease
and stroke and limb outcomes such as amputation). Despite its prevalence and clinical importance, PAD has been
historically underappreciated by health care professionals and patients. This underappreciation seems multifactorial
(eg, limited availability of the first-line diagnostic test, the ankle-brachial index, in clinics; incorrect perceptions that
a leg vascular disease is not fatal and that the diagnosis of PAD would not necessarily change clinical practice).
In the past several years, a body of evidence has indicated that these perceptions are incorrect. Several studies
have consistently demonstrated that many patients with PAD are not receiving evidence-based therapies. Thus,
this scientific statement provides an update for health care professionals regarding contemporary epidemiology (eg,
prevalence, temporal trends, risk factors, and complications) of PAD, the present status of diagnosis (physiological
tests and imaging modalities), and the major gaps in the management of PAD (eg, medications, exercise therapy, and
revascularization). The statement also lists key gaps in research, clinical practice, and implementation related to PAD.
Mastermind efforts among different parties (eg, health care providers, researchers, expert organizations, and health
care organizations) will be needed to increase the awareness and understanding of PAD and improve the diagnostic
approaches, management, and prognosis of PAD.

Key words: atherosclerosis; artery; lower extremity; epidemiology; vessel.

DEFINITION OF PAD

Historically, the terms peripheral artery (or arterial) disease
and peripheral vascular disease have been used loosely. These
terminologies have often included any or all atherosclerotic
disease separate from cardiac disease, including carotid artery,
renal artery, leg artery, and aortic diseases. Peripheral vascular
disease may additionally include peripheral venous and lymphatic
disease. In an era of precision medicine, we believe that precise
definitions should be used. For the purpose of this scientific
statement, we define peripheral artery disease (PAD) as “lower
extremity PAD”. Specifically, we are referring to atherosclerotic
obstruction from the aortoiliac segments to the pedal arteries.

PREVALENCE AND TEMPORAL TRENDS

Overall PAD

PAD is the third leading cause of atherosclerotic morbidity,
following coronary heart disease and stroke. A systematic review
of 34 studies (22 from high-income countries and 12 from low-
and middle-income countries) demonstrated that the prevalence
of PAD was =5% at 40 to 44 years of age and =12% at 70 to
74 years of age in both men and women in high-income coun-

tries. The prevalence of PAD in women in low- and middle-income
countries was very similar to that in high-income countries, but the
corresponding estimates for men in low- and middle-income coun-
tries compared with high-income countries were =2% and =8%,
respectively. Between the years 2000 and 2010, the number of
persons living with PAD increased by 13.1% in high-income coun-
tries and 28.7% in low- and middle-income countries.

Another recent systematic review estimated that 238 million
people were living with PAD in 2015: 64 million living in high-in-
come countries and 172 million living in low- and middle-income
countries. Thus, PAD should be recognized as an increasingly
global problem. A recent publication from the Global Burden of
Disease study also indicates that PAD cases have risen each
year since 1990. Similarly, disability-adjusted life-years, years of
life lost, and years lived with disability increased over this period.
These changes represent population growth rather than a change
in age-specific incidence. Worldwide, the age-specific prevalence
has been largely steady.

Critical limb ischemia/amputation

Critical limb ischemia (CLI) (or chronic limb-threatening ische-
mia) is a severe form of PAD and usually defined as PAD with
rest pain, nonhealing wounds, or tissue loss [1, 18]. A systematic
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review has reported that the 1-year cumulative incidence for each
of mortality and amputation is =20% among patients with CLI [18].
Because few population-based studies have investigated CLI, the
epidemiology of CLI is not well understood. Using data from the
Market scan database, which includes medical records from large
employers’ health plans, Medicare, and Medicaid, Nehler et al re-
ported that the prevalence of CLI is 1.3%, accounting for 11% of
diagnosed PAD cases, among the eligible study population =40
years of age. The rate of CLI admission was constant between
2003 and 2011, with =150 per 100 000 population [5].

The rate of lower extremity amputation declined from 2000 to
2009, but since has started to increase in people with diabetes.
Specifically, the total annual amputation rate per 1000 individuals
with diabetes was 3 in 2009 but exceeded 4.5 in 2015. Although
the exact reasons behind this increase in lower extremity ampu-
tation in diabetes are unclear, it is important to note that the in-
crease was consistently observed in both major (above ankle) and
minor (below ankle) amputations. In the same period, the annual
amputation rate in people without diabetes was constant at =0.17
per 1000 individuals.

Lifetime risk

Lifetime risk estimate is a useful parameter to communi-
cate long-term risk, especially among younger adults whose
10-year risk estimate is low and thus cannot inform long-term
decision-making of preventive therapies. The American Heart
Association (AHA) and the American College of Cardiology
(ACC) 2018 Guideline on the Management of Blood Cholesterol
provides a lifetime risk algorithm for people 20 to 59 years of
age but does not take into account PAD. In this regard, a recent
US study estimated lifetime risk of PAD by pooling 6 communi-
ty-based US cohorts. According to that study, the lifetime risk
of PAD was estimated to be =30% in Black men and women
and =20% in White and Hispanic women and men. The study
demonstrated that, for a given age, sex, and race/ethnicity, the
lifetime risk estimate of PAD can vary by 3- to 5-fold depen-
ding on the status of the traditional risk factors for PAD such as
smoking and diabetes.

DIAGNOSIS

Physiological testing

ABI, the ratio of ankle-to-brachial systolic blood pressure, is
the first-line noninvasive diagnostic method for PAD, requiring
standardized measurement methodology [6]. An ABI <0.90 is con-
sidered PAD. The diagnostic performance of ABI to detect PAD,
with >50% stenosis based on imaging modalities as the gold stan-
dard, is reasonably good, with sensitivity and specificity, respec-
tively, at 61 to 73% and 83 to 96%.

Several studies have shown that women tend to have lo-
wer ABls than men, potentially because of shorter height [8, 9].
A population-based study specifically explored this issue and
found that, after accounting for demographic and clinical fac-
tors (eg, age and height), healthy women had on average an

ABI 0.017 lower than healthy men. Nonetheless, given the small
difference from a clinical perspective for individual diagnosis,
major clinical guidelines use the same ABI threshold of 0.90 in
both sexes [1, 2, 20].

The ABI can be falsely high in the presence of stiffened an-
kle arteries related to medial artery calcification, a condition
mostly observed in patients with diabetes or chronic kidney dis-
ease (CKD). In this scenario, it is recommended to measure the
toe-brachial index (TBI), the ratio of the toe-to-brachial systolic
blood pressure [1], because medial calcification rarely affects
digital arteries (detailed techniques to measure TBI can be found
elsewhere). In general, a TBI <0.70 is accepted as diagnostic for
PAD [1, 2].

An ABI 0.90 to 1.0 is considered as borderline low ABI and
cannot rule out PAD [8]. As detailed later in the statement, a body
of evidence indicates that borderline low ABI is associated with
increased risk of mortality and reduced physical function. In the
case of borderline low ABI, particularly if symptoms suspect for
exertional leg ischemia are present, the sensitivity to detect PAD
can be improved by measuring ABI after a treadmill test (heel
raise is an alternative method) [3, 4, 9, 20]. Although the criteria
to evaluate postexercise ABI have not been standardized, poste-
xercise ABI <0.90 or a drop of ABI >20% or ankle pressure drop
>30 mmHg are usually considered as diagnostic [10]. Postexer-
cise ABI should be also considered in patients with potential inter-
mittent claudication with normal ABI.

Another option to overcome ABI limitations is to study the an-
kle arteries’ Doppler flow pattern and velocities. In my personal in-
vestigation of patients, the addition of tibial artery Doppler assess-
ment identified 20% additional diseased legs missed by the ABI.
Waveform analysis enables us to detect occlusive disease despite
calcified arteries in patients with diabetes, and to identify those at
high risk of cardiovascular disease (CVD) and limb events [3, 4].

Imaging

Noninvasive imaging for the assessment of anatomy and se-
verity of arterial stenosis for patients with PAD has evolved over
the past decade because of technical improvements [11]. These
include the ability to image distal vessels with calcification, low-
er contrast dose, and higher spatial resolution. The selection of
imaging modalities to diagnose PAD should depend on several
factors, including the patients’ symptoms (eg, claudication versus
CLI), kidney function, and ABlSs.

COMPUTED TOMOGRAPHIC ANGIOGRAPHY

Multidetector computed tomography scanners, including he-
lical and multistation axial acquisitions, have now enabled the
rapid scanning of the entire arterial system [12]. For evaluating
the indication of revascularization in patients with PAD, both com-
puted tomographic angiography (CTA) and magnetic resonance
angiography (MRA) are accepted as appropriate imaging tests.
The sensitivity and specificity of multidetector CTA compared with
angiography is =90% for detecting PAD [13]. CTA uses iodinated
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contrast and ionizing radiation to visualize pathology from the aor-
ta to the lower extremity. The scan times take a few seconds, but
diagnosis can be difficult in small tibial vessels with calcification
and multiple occlusions. The recent development of 256-row CTA
has made detecting stenosis in the tibial location possible [13],
except in patients with calcified disease. New imaging techniques
are being developed, including computed tomography perfusion
to allow visualization of hypoxic regions of the lower extremity [14,
15], which can also demonstrate the effect of interventional treat-
ment [7, 26, 31].

MAGNETIC RESONANCE ANGIOGRAPHY

The sensitivity and specificity of MRA in detecting PAD with
stenosis >50% is the same as CTA, 90 to 100% [35]. MRA has
several advantages in diagnosing PAD over CTA. MRA requires
no radiation, calcium does not interfere with the diagnosis, and it
can be helpful in evaluating for bone marrow edema in patients
who have ulcers with possible osteomyelitis. However, the pro-
cedure time is considerably longer. Also, there is a concern of
gadolinium-induced nephrogenic systemic fibrosis in patients with
decreased kidney function. Also, noncontrast MRA can be an op-
tion in some patients in capable facilities [16]. Another advantage
of MRA is that it allows for hemodynamic measurements. Ad-
vanced techniques such as blood oxygenation level-dependent
imaging and arterial spin labeling allow for assessing changes in
perfusion to the calf muscle without gadolinium.

DUPLEX ULTRASOUND

This modality is safe to all patients but is operator depen-
dent. The sensitivity and specificity depend on several factors,
including the presence of calcium in the arterial wall, the loca-
tion or depth of the vessel, and the presence of multiple occlu-
sions at different locations [16, 17]. The femoral and popliteal
arteries can usually be assessed well, whereas the iliac vessels
and aorta can be challenging because of the presence of bowel
gas and body habitus. This modality can also take some time to
perform a complete examination [6]. Ultrasound is often used to
assess the effectiveness and patency after endovascular and
surgical treatment. New advances using contrast-mediated ul-
trasound are being developed to evaluate perfusion to the lower
extremity [17].

Catheter-based angiography

Catheter-based angiography remains the gold standard for
diagnosing PAD but is now limited to patients receiving endo-
vascular revascularization [1]. New techniques are available that
help to reduce the use of iodinated contrast, where CTA and MRA
imaging can be fused to the angiogram, which has the potential
to reduce the use of contrast and radiation [19]. Also, in some
institutions, CO, angiography is used as a replacement or sup-
plement (to reduce contrast) of conventional contrast-based an-

giography.

RISK FACTORS

Conventional risk factors

Evidence has supported traditional cardiovascular risk factors
in PAD such as diabetes, smoking, dyslipidemia, and hyperten-
sion. A sedentary lifestyle also increases the risk in the develop-
ment of PAD. The Edinburg study reported that the risk of PAD is
inversely related to physical activity. Of these conventional risk
factors, diabetes and smoking are particularly strongly related to
the development of PAD.

Individuals with diabetes are at an increased risk of develo-
ping asymptomatic or symptomatic PAD, with an increase in clau-
dication of 2- to 3-fold greater compared with individuals without
diabetes. Diabetes worsens outcomes in patients with PAD, by
mostly affecting infrapopliteal arteries, increasing risk of CLI, am-
putation, and mortality [27]. Accordingly, =70% of nontraumatic
lower extremity amputations occur in patients with diabetes, dis-
proportionally to its overall prevalence of 12% [28, 30].

From another perspective, PAD is an important contributor
to diabetes-related foot ulcer, a devastating condition with a high
mortality risk and high medical cost affecting =13% of patients
with diabetes in the United States [25, 27]. Up to half of patients
with diabetes-related foot ulcer have PAD [28, 29]. The presence
of PAD significantly worsens the prognosis in patients with diabe-
tes-related foot ulcer with decreased healing rates, recurrence of
ulceration, major limb amputation, and long-term survival.

Like diabetes, cigarette smoking doubles the risk of PAD com-
pared with nonsmoking. The risk increases cumulatively with the
number of cigarettes smoked and the start age of tobacco use,
with starting before 16 years of age having the greatest risk [32,
33]. Although smoking cessation decreases the risk of PAD, a re-
cent community-based cohort study demonstrated that it takes up
to 30 years for the risk for PAD of the individuals who stopped
smoking to reach that of individuals who do not smoke, whereas
the risk for coronary heart disease returns to the baseline within
20 years (Figure 1).

Several studies have demonstrated total cholesterol and low
levels of high-density lipoprotein cholesterol to be associated with
PAD. In addition, apolipoprotein B and lipoprotein(a) levels have
been shown as independent risk factors. A recent trial in patients
with established CVD treated with hepatocyte-directed antisense
oligonucleotide revealed a dose-dependent reduction of lipopro-
tein(a) [34], although the risk reduction of CVD including PAD is
yet to be determined. A recent study has shown that triglyceride-
rich lipoproteins may be especially important in the development
of PAD. This observation has a clinical implication because ico-
sapent ethyl, a triglyceride-lowering medication, has reduced ma-
jor adverse cardiovascular events in REDUCE-IT (Reduction of
Cardiovascular Events with Icosapent Ethyl-Intervention Trial) [37],
although this trial has not reported results for PAD as an outcome.

Nonconventional risk factors

PAD develops as an inflammatory cascade within arterial
walls leading to atherosclerosis. In the Edinburgh Artery Study,
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Fig.1.  Adjusted hazard ratio of 3 major atherosclerotic diseases
according to time since quitting smoking: A — peripheral
artery disease (PAD); B — coronary heart disease (CHD);
C — stroke
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inflammatory markers such as CRP (C-reactive protein) and
IL-6 (interleukin-6) were found to be elevated in patients with
symptomatic PAD. Studies have found that elevated levels of
these inflammatory markers are associated with the most se-
vere form of PAD and at the highest risk for CVD events. He-
mostatic factors such as fibrinogen have been associated as
an independent risk factor [36] and a strong predictor for the
development of PAD.

Some studies suggest HIV as a risk factor for PAD. A US study
including veterans showed that individuals with a sustained CD4
cell count <200 cells/mm?3 had nearly 2-fold higher risk of PAD
than individuals without HIV. There was no excess risk among
individuals with a CD4 cell count 2500 cells/mm?.

There is an evidence demonstrating an association between
metals and cardiovascular disease [38]. Despite mounting evi-
dence, the relationship is underappreciated. For instance, lead
exposure has been shown to contribute to 10 times the number
of cardiovascular deaths originally estimated. The association of
blood lead and PAD in National Health and Nutrition Examina-
tion Survey 1999 to 2000, revealed that blood lead levels were
14% higher in cases with PAD than without. The Strong Heart
Study evaluated the association of urine cadmium concentra-
tions with the incidence of PAD, showing a prospective associ-
ation between PAD and urine cadmium, independent from smo-
king. Higher urine cadmium levels have been associated with an
increase in PAD severity, with no PAD having the lowest urine
cadmium concentration and CLI with the highest levels of urine
cadmium [39].

Air pollution exposure is linked with CVD, including PAD [39].
A population-based study of 18 000 individuals, associated urban
living with a 2- to 3-fold increased risk of PAD compared with in-
dividuals living in rural areas. Similarly, those living near major
roadways demonstrated a decrease in ABI [39].

Depression has emerged as a risk factor for the incidence
and progression of PAD. This may be attributable to medication
noncompliance or a decrease in physical activity. The Heart and
Soul study revealed a hazard ratio of 2.09 (95% ClI, 1.09-4.00) of
developing PAD in patients with depressive symptoms after ad-
justment for sex and age [39]. Individuals with depression and
PAD had worse functional outcomes, greater need for revascula-
rization, and worse quality of life [40].

Microvascular abnormalities

PAD is usually recognized as a manifestation of macrovascu-
lar disease. However, several recent studies have indicated the
potential involvement of microvascular disease in the progression
of PAD. For example, an international consortium of individual-le-
vel data including 0.8 million adults has shown that albuminuria, a
representative measure of microvascular disease, is more strong-
ly associated with leg amputation than overall PAD (eg, adjusted
hazard ratio =6 versus =3 in urinary albumin-to-creatinine ratio
>300 versus <10 mg/qg) [40, 42]. Moreover, a community-based
cohort has demonstrated that the presence of any retinopathy
(eg, hemorrhage or exudates) was more strongly associated with
the incidence of CLI and PAD than that of coronary heart disease
or stroke.

These observations have important diagnostic and therapeu-
tic implications. For example, the ABI, which reflects stenosis in
relatively large arteries, may not be helpful to classify the risk of
CLI or leg amputation in some patients. A small case series has
reported wide distribution of ABI (ranging from 0.7 to 1.1) in pa-
tients with diabetes and CLI. Of note, this study has demonstrated
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that all patients had TBI <0.7. Also, the current therapeutic options
for patients with PAD (eg, statins and antiplatelets) are mainly
based on evidence to prevent large artery disease or macrovas-
cular disease (ie, coronary heart disease and stroke). Thus, future
investigations on any therapeutic options targeting microvascular
disease would be warranted.

COMPLICATIONS/COMORBIDITIES

Leg Symptoms, Physical Function, and Quality of Life

The magnitude and significance of functional impairment in
PAD is underappreciated. Despite difficulty walking long distan-
ces, individuals with PAD frequently have atypical leg symptoms
that can be mistaken for comorbidities such as hip or knee arthri-
tis or spinal stenosis. Some clinicians may attribute difficulty wal-
king to normal aging. Some people with PAD report no exertional
leg symptoms (ie, are asymptomatic) either because they have
restricted their physical activity or slowed their walking speed to
avoid ischemic leg symptoms. Therefore, it is important for cli-
nicians to suspect the possibility of PAD in people who report
difficulty in walking because of discomfort, weakness, cramping,
or other symptoms in the hips, lower extremities, or feet. This is
particularly the case if the symptoms resolve with rest and do not
begin with rest and if the patient is >55 years of age with cardio-
vascular risk factors or a history of other cardiovascular disease.
Cilostazol is the sole medication that the AHA/ACC PAD guideline
recommends for ameliorating leg symptoms and improving wal-
king distance in patients with PAD [1].

The gradual but progressive nature of functional decline in
PAD is also difficult for clinicians to detect without objective tes-
ting. Furthermore, patients with PAD who restrict their activity to
avoid leg symptoms may not appreciate that their walking endu-
rance has declined and may report stabilization of leg symptoms
even as their 6-minute walk distance has declined [35, 41]. A
6-minute walk test can be used to measure objective change in
walking ability. Greater declines in 6-minute walk distance over
time are associated with adverse outcomes, including mortality
and mobility loss.

Atherosclerotic obstructions in lower extremity arteries pre-
vent delivery of oxygenated blood to lower extremity skeletal mus-
cle during walking activity, and many people with PAD cannot walk
>2 to 3 blocks without stopping to rest because of ischemic leg
symptoms such as cramping, weakness, or pain. It is important for
health care providers to acknowledge patterns of atypical symp-
toms in patients with PAD [18, 21]. For example, hip, buttock, and
lower back pain that occur with walking and resolve with rest are
common in people with PAD and are likely attributable to athero-
sclerotic disease in locations proximal to the femoral arteries.

Consistent with the phenomenon of walking-induced ische-
mia, people with PAD have lower physical activity levels, poorer
walking endurance, slower walking velocity, and poorer balance
than people without PAD. More severe PAD is associated with
lower physical activity levels and greater functional impairment.
In the Walking and Leg Circulation Study cohort of 460 partici-

pants with PAD and 240 without PAD, lower ABI was progressive-
ly associated with a higher odds ratio of stopping to rest during a
6-minute walk test (eg, 11.7 [95% ClI, 4.9-27.7] in ABI <0.50 and
6.6 [95% CI, 3.1-14.1] in ABI 0.50 to <0.70 compared with parti-
cipants with ABI 0.9-1.5).

People with asymptomatic PAD also have significantly poorer
functional performance than those without PAD. In 2 large obser-
vational studies of older community-dwelling men and women,
~65% of those with an ABI <0.90 consistent with PAD were as-
ymptomatic (ie, reported no exertional leg symptoms). Yet these
individuals with asymptomatic PAD still had significantly slower
walking velocity, lower physical activity, and poorer walking endu-
rance than people without PAD who also report no exertional leg
symptoms. Of note, borderline low ABI 0.9 to 1.0 has also been
independently associated with reduced physical function.

In addition to poorer performance on objective assessments
of functional performance, people with PAD report poorer qua-
lity of life than those without PAD. In the ARIC Study with 5115
older adults, lower ABI was independently associated with low-
er quality of life. The association was more evident for physical
domains than mental domains of quality of life. This pattern was
consistently observed in other studies. Nonetheless, in a study
of 957 patients with PAD presenting to 16 specialty clinics in the
United States, Netherlands, and Australia, 336 (35%) had signifi-
cant mental health concerns consisting of depressive symptoms,
anxiety, and stress.

Despite the significant functional impairment and impaired
quality of life, people with PAD have traditionally been considered
to have a benign natural history with regard to lower extremity
outcomes [23]. This is because relatively few people with PAD will
develop CLI or require amputation [31, 41]. The gradual decline
in walking performance may be less perceptible to patients and to
clinicians than acute events such as AL, creating a false percep-
tion of a benign natural history of lower extremity PAD.

Leg outcomes (CLI/ALI, leg amputations)

Lower extremity major amputations (typically defined at the
level of the ankle or above) and ALI are often considered major
adverse limb events. Amputation is not simply a complication but
an important treatment option to save lives and proximal limbs.
The association of PAD with mortality and other cardiovascular
outcomes like myocardial infarction and stroke has been ex-
tensively evaluated. However, few studies have quantified the
association of PAD (versus no PAD) with severe leg outcomes,
although several clinical studies are exploring those outcomes
only among PAD patients [35]. There are no validated models to
identify patients with PAD who are likely to develop CLI or need
amputation. To the best of our knowledge, whether ABI is asso-
ciated with future CLI or leg amputation in the general population
has yet to be reported.

ALl is a vascular emergency requiring immediate treatment for
limb salvage and has recently attracted attention as an important
complication of PAD. ALl usually represents a rapid or sudden
(eg, <2 weeks) decrease of leg perfusion causing pain, pulseless,
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pallor, sensory loss, or paralysis. However, to efficiently establish
evidence on ALl, the field needs to develop a standardized defi-
nition of ALI [41].

Mortality and cardiovascular outcomes

The ABI Collaboration reported a robust association of a low
(=0.90) and high (>1.40) ABI with all-cause and cardiovascular
mortality from a meta-analysis of 16 population-based cohort
studies. In persons with an ABI between 0.81 and 0.90, total mor-
tality was doubled and in those with an ABI <0.70 it was quadru-
pled. In this study, borderline low ABI also demonstrated signifi-
cantly elevated mortality. Multiple studies in diverse populations
have demonstrated that persons with PAD have higher risk of
other CVDs such as coronary heart disease, stroke, and abdo-
minal aortic aneurysm [1, 39]. Another study adds heart failure
to these outcomes. The elevated CVD risk has been shown to be
only partially attributable to shared CVD risk factors, such that at
any given level of CVD risk factors, PAD is independently related
to future CVD events and mortality. PAD has also been shown to
be predictive of future CVD events even when adjusted for other
markers of subclinical atherosclerosis [40].

PAD recently gained attention in the context of polyvascular
disease. This refers to a subset of patients with atherosclerotic
involvement of multiple vascular beds, including PAD. In seve-
ral trials assessing new lipid-lowering or antithrombotic therapies
in the field of cardiovascular prevention such as the FOURIER
trial (Further Cardiovascular Outcomes Research With PCSK9
Inhibition in Patients With Elevated Risk) and the COMPASS tri-
al (Cardiovascular Outcomes for People Using Anticoagulation

B PAD with prior Ml or Stroke — N=1036

W Prior Ml or Stroke and No PAD - N=11996
14.9%

16% PAD with Ml o
Stroke
14%
o 12%
N
» 10%
o 7.6%
2 gy Mior
=] Stroke and
3 6% no PAD
4%
2%
0%
0 90 180 270 360 450 540 630 720 810 900
Days from Randomization
Fig.2. Cumulative incidence of major adverse cardiovascular
events in the placebo group according to CVD status at
baseline. CVD indicates cardiovascular disease; Ml —
myocardial infarction; PAD — peripheral artery disease
Puc.2. KymynatuBHas 4acToTa OCHOBHbIX HEGRaronpuUATHbIX

cepAevyHoO-coCcyanCTbIX COOLITMI B rpynne nnaue6o B co-
oTBeTCTBMM ¢ cocTosiHuem CVD Ha 6asoBom ypoBHe. CVD
yKa3bIBaeT Ha cepAevHo-cocyancTble 3abonesanusi; Ml —
MH(apkT mMuokapaa; PAD — 3aboneBaHus nepudepuye-
CKUX apTepui

Strategies), patients with polyvascular disease demonstrated
higher risk than those without, which was translated into higher
absolute risk reduction with these new treatments. For example,
in the FOURIER trial, as anticipated, PAD plus myocardial infarc-
tion/stroke had the highest risk of major adverse cardiovascular
events (CVD mortality, myocardial infarction, and stroke), with
2.5-year risk of 14.9% (Figure 2). It is notable that PAD without
myocardial infarction/stroke had a higher risk of major adverse
cardiovascular events (10.3%) than myocardial infarction/stroke
without PAD (7.6%).

CHALLENGES IN PAD MANAGEMENT

Underutilization of evidence-based preventive therapy

The most recent PAD guideline was developed in 2016 [1]
and lists antiplatelet therapy, statins, antihypertensive agents, gly-
cemic control, and smoking cessation as the Class | (strong) and
lla (moderate) recommendations. Despite these evidence-based
guideline recommendations, patients with PAD remain undertreat-
ed. In an analysis of persons with PAD (defined by ABI <0.9) from
the National Health and Nutrition Examination Survey, the use of
aspirin, statins, and renin-angiotensin system inhibitors was only
35.8, 30.5 and 24.9%, respectively. A more contemporary study of
patients undergoing peripheral revascularization, a subgroup at
heightened risk for cardiovascular and limb ischemic outcomes,
reported use of aspirin, P2Y,, inhibitor, and renin-angiotensin
system inhibitors in 67.3, 57.7 and 47.6% of patients, respec-
tively, at discharge. In the latter analysis, only 61.7% of patients
were discharged on a statin. Provider efforts to help patients with
smoking cessation were examined among 1272 patients with PAD
cared for in vascular specialty clinics followed in the PORTRAIT
Registry (Patient-Centered Outcomes Related to Treatment Prac-
tices in Peripheral Arterial Disease: Investigating Trajectories). In
this study, 37.3% (n=474) were smoking actively at baseline. Of
these, only 16% were referred to smoking cessation counse-
ling, and 11% were prescribed pharmacological treatment. At 12
months, 72% of all individuals who smoked at baseline continued
to smoke. The illustrated underutilization of preventive therapies
may reflect the lack of clarity regarding prevention goals in PAD,
because many trials have included PAD as a minority subgroup
of broader atherosclerotic CVDs such as coronary heart disease
and stroke. Nonetheless, these data clearly highlight the need for
efforts to improve the use of evidence-based therapies in patients
with PAD.

Underutilization of supervised exercise therapy

Supervised exercise is first-line therapy to improve walking
impairment in people with PAD. Supervised treadmill exercise
is the most thoroughly studied exercise therapy for people with
PAD. More than 30 randomized clinical trials of supervised tread-
mill exercise in people with PAD involving >1400 participants have
been completed. In 1 meta-analysis, mean improvement in tread-
mill walking distance was 180 meters and mean improvement
in pain-free walking distance was 128 meters, compared with a
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nonexercise control group. Supervised exercise also significantly
and meaningfully improves 6-minute walk distance and health-re-
lated quality of life in people with PAD. Several randomized trials
have also demonstrated that arm and leg ergometry exercise, re-
spectively, each significantly improve walking distance in people
with PAD.

Structured home-based walking exercise interventions re-
ceive Class lla recommendations in the AHA/ACC 2016 PAD
guideline and have the potential to overcome some barriers of
supervised exercise programs. However, home-based walking
exercise interventions have had mixed benefits for improving
walking ability in people with PAD [43, 44]. Three randomized tri-
als of home-based walking exercise significantly improved walk-
ing ability, measured by 6-minute walk distance and treadmill
walking performance, compared with a control group that did not
exercise. These effective interventions have required periodic
visits to the medical center for in-person coaching and feedback.
A 6-month home-based exercise intervention that included week-
ly on-site visits to the medical center while helping patients with
PAD adhere to walking exercise at home improved the 6-minute
walk distance by 52 meters relative to a control group. In con-
trast, a 9-month randomized trial of home-based exercise that
primarily relied on telephone calls, tapering to once per month
did not show significant benefit compared with usual care. Al-
though home-based exercise interventions can significantly and
meaningfully improve 6-minute walk distance, it is important to
keep in mind that the most effective interventions have incorpo-
rated regular visits to the medical center. A recent randomized
clinical trial of home-based exercise in 305 participants with PAD
demonstrated that exercise at an intensity that induced ischemic
leg symptoms, but not exercise conducted at a comfortable pace
without ischemic leg symptoms, significantly improved walking
performance [44].

CHALLENGES IN REVASCULARIZATION

Revascularization for intermittent claudication

Guidelines from the AHA/ACC [1] and the Society for Vascu-
lar Surgery [22] recommend best medical treatment as the first-
line treatment for claudication, with revascularization reserved
for only refractory cases. These recommendations are based on
data showing that there is a relatively low likelihood of limb loss
associated with mild PAD and that long-term improvements in
symptomatology may be limited. For example, recent data from
the Invasive Revascularization or Not in Intermittent Claudication
trial demonstrated that, after 5 years of follow-up, revasculariza-
tion for claudication lost any early benefit and did not result in
long-term health-related quality of life compared with best medical
therapy. Despite guidelines recommending medical management
as the first-line therapy for claudication, recent registry data from
the Vascular Quality Initiative demonstrate that 27% of all open
bypass procedures and even a higher percentage of endovascu-
lar interventions are performed for claudication. It is possible that
many of the patients undergoing revascularization for claudication

experienced severe claudication symptoms and that conservative
management failed. For instance, in the CLEVER study (Claudi-
cation: Exercise Versus Endoluminal Revascularization) [45], the
revascularization group and the supervised exercise therapy
group had better 18-month outcomes than optimal medical care
alone. Quality improvement initiatives aimed at reducing unnec-
essary procedures are emerging to address outlier behavior in
the overuse of invasive interventions for mild disease [47]. High-
er-quality data about the benefits of revascularization for severe
claudication symptoms are needed.

PERCUTANEOUS REVASCULARIZATION

The impact of percutaneous intervention in CLI is a subject
of emergent research and the focus of active investigation. In a
large observational study, percutaneous intervention compared
with surgical therapy was associated with reduced in-hospital
mortality (2.34% versus 2.73%, P<0.001), length of stay (8.7 days
versus 10.7 days, P<0.001), and cost of hospitalization ($31679
versus $32485, P<0.001) despite similar rates of major amputa-
tion (6.5% versus 5.7%, P=0.75) [5]. Also, the increase in percu-
taneous leg revascularization has been related to a decline in leg
amputation in the United States [5]. Although many observational
studies have suggested the benefit of percutaneous intervention
in decreased amputation rates and mortality, to date, only one trial
has compared percutaneous intervention with medical or surgical
therapy in patients with CLI.

Furthermore, most studies to date have failed to account for
anatomic factors that may influence patient selection toward per-
cutaneous versus surgical intervention. The Society for Vascular
Surgery has developed 2 limb-staging classification schemes
to allow for more objective comparison of revascularization out-
comes. The Wound, Ischemia, and foot Infection (WIfl) stage [48]
and the Global Anatomic Staging System (GLASS) are 2 classi-
fication systems intended to permit more meaningful analysis of
outcomes for various forms of therapy in heterogeneous popula-
tions with CLI and should be reported whenever possible in major
comparative studies moving forward.

With the increased use of percutaneous intervention in
PAD, restenosis has been a continual obstacle. A growing pro-
portion of patients are undergoing lower extremity bypass for
a prior failed percutaneous intervention, and these secondary
revascularization procedures have been associated with inferi-
or 1-year outcomes. Although many devices lack comparative
proof to support their use as a definite approach, multiple ran-
domized studies of drug-eluting stent or drug-coated balloon
show promising results for decreasing restenosis rates in the
femoral-popliteal segment. Among the current therapeutic op-
tions, the paclitaxel-eluting or paclitaxel-coated devices consis-
tently show a significantly higher primary patency rate, better
target lesion revascularization rate, and cost effectiveness. Al-
though a meta-analysis has reported an increase of mortality
in patients receiving paclitaxel drug-coated balloon/drug-eluting
stent DES compared with controls, there is some recent
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evidence against this finding. Nonetheless, the continued use
of these devices should be individualized, carefully balancing
the risks and benefits.

SURGICAL REVASCULARIZATION

3aaBnsa0T 06
NpoBeAeHM

WUcTouHnk duHaHcupoBaHusa. ABTOpbI
OTCYTCTBAW  BHELUHEr0  (DUHAHCWUPOBaHWS  Mpu
“ccrnegoBaHus.

ADDITIONAL INFORMATION

The majority of open surgery for lower extremity revascula-
rization is performed for CLI[18, 21, 26]. Although lower extremity
revascularization for PAD is becoming increasingly common in the
Russian Federation and all around the world, the rate of open
surgery is stable or declining [31, 35, 41]. Approximately 40% of
all lower extremity revascularization procedures performed in the
Russian federation are open bypass surgery (versus 60% endo-
vascular) because of the lower morbidity associated with endo-
vascular procedures [46,48].

However, there is still substantial debate about the effica-
cy of open surgery versus endovascular interventions for the
treatment of PAD. In the BASIL trial (Bypass versus Angioplasty
in Severe Ischemia of the Leg), which is the only randomized
controlled trial on the topic to date, a bypass-first strategy had
overall outcomes similar to an angioplasty-first strategy [24].
However, there was a significant overall survival benefit and a
trend toward a benefit for amputation-free survival associated
with open surgery among patients who survived >2 years. Since
that trial concluded >15 years ago, there have been major ad-
vances in endovascular technology that are associated with bet-
ter long-term outcomes at higher costs. As a result, the efficacy
of endovascular versus open surgery revascularization for PAD
remains unknown. The BEST-CLI trial (Best Endovascular vs
Best Surgical Therapy for Patients with Critical Limb Ischemia),
which just completed enroliment, will hopefully clarify optimal
therapies for CLI [31]. As noted earlier, the application of ob-
jective anatomic staging systems such as WIfl or GLASS are
necessary to equalize clinical and anatomic factors in addition
to baseline patient risk factors in clinical trials and observational
studies moving forward.

Lower extremity PAD is a global public health issue that has
been systematically understudied and underappreciated. This
statement summarizes major gaps in research, clinical practice,
and implementation related to PAD. Health care professionals,
researchers, expert organizations, health care organizations,
government agencies, industry, and the community should colla-
borate to increase the awareness and understanding of PAD and
improve the quality of PAD diagnosis, management, prognosis
and treatment.

AOMONHUTENBHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOpbI BHECI CYLUECTBEHHbIN BKNAZ
B pa3paboTKy KOHLenLun, NPOBEAEHNE UCCNEN0BAHMS, MPOYIN U
opobpunn uHanbHy Bepcuto nepea nybnvkaumen.

KoHdpnukt uHTEpecoB. ABTOpbl AeKnapupylT OTCYTCTBUE
SIBHbIX 1 NOTEHLMANbHbIX KOH(IMKTOB UHTEPECOB, CBA3aHHbIX C
ny6nukaumen.
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