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There are a number of devastating complications associated with peripheral artery disease, including limb amputations

and acute limb ischemia. In coronary atherosclerosis, thrombosis is often precipitated by rupture or erosion of fibrous caps

around atheromatous plaques, which leads to acute coronary syndrome.
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1. Introduction

More than 200 million adults suffer from peripheral artery disease in their lower extremities, which increases their risk of

cardiovascular events (such as coronary heart disease, strokes, and leg amputations). Globally and in the United States,

peripheral artery disease has gone underdiagnosed and undertreated due to a lack of awareness . Generally speaking,

lower-extremity peripheral artery disease refers to atherosclerotic diseases of the arteries supplying the limbs, from the

aortoiliac segments to the pedal arteries. Even though this disease is associated with adverse clinical outcomes, impaired

physical function, and reduced physical activity, it has been understudied and underrecognized compared with other

atherosclerotic diseases such as myocardial infarction. In recent years, there has been mounting evidence that peripheral

artery disease is significantly linked to mortality, primarily as a risk factor for future myocardial infarctions and strokes.

Also, peripheral artery disease can cause devastating complications that result in limb amputations and acute limb

ischemia. Despite the overlap, the causes of atherosclerotic diseases are not the same and the need for the appropriate

diagnosis and treatment remains a major concern for medicine. Clinically, peripheral artery disease and coronary artery

disease overlap due to their shared risk factors. In these patients, hyperlipidemia and type II diabetes mellitus were

significant comorbidities. In addition to accelerating atherosclerosis development, diabetes mellitus affects the

characteristic of atherosclerotic lesions in the lower extremities . Compared with patients with PAD (peripheral artery

disease) and without diabetes mellitus, patients who have PAD and coexisting diabetes mellitus have more arteries below

the knee that are affected and more multilevel lesions . Although patients with diabetes mellitus benefit from medical

and endovascular procedures to manage atherosclerotic cardiovascular diseases, restenosis is a significant factor that

may worsen the prognosis and may be associated with the necessity of reintervention . The presence of dyslipidemia is

associated with both changes in basic lipid parameters and modified lipoproteins, which are not routinely measured in

clinical practice. Nitrated lipoproteins are oxidatively modified lipoproteins discussed in the context of cardiovascular

dysfunction development. However, their role remains unclear at this time . Many studies have found that coronary

artery disease and peripheral artery disease are frequently coexisting conditions. Saleh et al. suggested that there was a

significant increase in peripheral artery disease prevalence among those with coronary artery disease compared with

those with normal coronaries . Despite being under the care of a cardiovascular specialist, studies have shown that one

out of six patients with coronary artery disease had an unrecognized peripheral artery disease .

The ankle-brachial index’s high positive predictive value and the high prevalence of peripheral artery disease with

coronary artery disease suggest a high degree of suspicion for, and pretest probability for, coronary artery disease in a

patient with peripheral artery disease. Coronary artery disease diagnosis is highly dependent on cardiac imaging tests

such as electrocardiograms, stress electrocardiograms, myocardial perfusion imaging, and coronary angiographies.

Kumar et al. say pretest probabilities can be increased through the ankle-brachial index, but it cannot replace the above

testing methods .

Many factors contribute to this lack of knowledge about peripheral artery disease. Various nomenclatures and definitions

have been used to describe peripheral artery disease, making effective communication challenging . It is also likely that

the clinical presentation of peripheral artery disease contributes to confusion regarding peripheral artery disease. A small

percentage of patients are diagnosed with intermittent claudication, with either no exertional leg symptoms (up to 50%) or
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atypical leg symptoms (almost 50%) . Patients may experience leg pain that begins at rest, or that does not interfere

with walking, or that resolves with rest. These symptoms can be confused with arthritis or degenerative spinal disease.

Various adverse outcomes can occur as a result of peripheral artery disease. To improve overall outcomes among this

growing and undertreated population, increasing awareness about the definition, diagnosis, clinical manifestations, and

complications of peripheral artery disease is critical.

Coronary atherosclerosis often manifests as an acute coronary syndrome, where thrombosis is precipitated by rupture or

erosion of the fibrous caps of atheromatous plaques. It is common for plaque ruptures to have large necrotic cores, as

well as thin, inflamed fibrous caps. Regardless of the extent of atherosclerosis, peripheral artery disease manifests as

thrombosis. In peripheral arteries with significant stenosis, approximately 75% of them are blocked by thrombi. Two-thirds

of them also have thrombi associated with insignificant atherosclerosis. A local thrombogenic or remotely embolic basis of

critical limb ischemia may be explained by obliterative thrombi in peripheral arteries of patients without coronary artery-like

lesions .

2. Anatomy of Lower Extremity Arteries: Normal Aspects

To maintain the body’s mobility, lower extremity arteries supply oxygenated blood to muscles, tendons, and nerves.

Several diseases can affect these arteries, which inhibit the optimal function of the limb. Lower-extremity arteries originate

from the iliac artery at the point where the abdominal aorta is divided into the two common iliac arteries and the median

sacral artery, approximately at the fourth lumbar vertebral body .

There are two branches of the common iliac artery, the internal and the external. A portion of the external iliac artery runs

down into the lower limbs and becomes the common femoral artery . Among the small branches of the common

femoral artery, there are the superficial epigastric artery, external pudendal artery, and superficial circumflex artery. The

common femoral artery divides into the superficial and deep femoral arteries.

Through Hunter’s canal, the superficial femoral artery travels along the medial side of the thigh. Once it exits the adductor

canal, the superficial femoral artery courses posteriorly, where it is called the popliteal artery after it passes through the

adductor hiatus. Approximately at the level of the proximal tibiofibular joint, the popliteal artery divides into the anterior

tibial artery and the tibioperoneal trunk . The anterior tibial artery runs along the anterior surface of the interosseus

membrane, and there is a continuation of this artery in the foot as the dorsalis pedis artery. Located along the

posteromedial aspect of the leg, the tibioperoneal trunk further divides into the peroneal artery and posterior tibial artery

. There are two arches on the medial and lateral surfaces of the plantar surface, formed by the posterior tibial artery.

Besides giving rise to the metatarsals, the plantar arch is also responsible for producing the plantar digital arteries. Above

the ankle joint, the peroneal artery divides into two calcaneal branches, one on the medial side and one on the lateral

side. As a result of free communication with the dorsalis pedis artery and posterior tibial artery, these branches assist in

the collateralization of the foot when it is sick or injured .

3. Atherosclerosis

Atherosclerosis is a chronic inflammatory disease with complex etiopathogenesis, which results in the development of

atherosclerotic plaques, leading to the formation of narrowing and/or occlusion of the arteries . This clinically may

lead to the development of ischemic heart disease, cerebrovascular disease, or peripheral arterial disease . In

clinical practice, lowering the level of LDL cholesterol (low-density lipoprotein cholesterol) is the primary therapeutic

objective of lipid-lowering therapy due to the role that oxidatively modified LDL particles play in atherosclerosis .

Additionally, researchers observe patients with advanced atherosclerosis and normal LDL concentrations in clinical

practice, and such patients are also eligible for statin therapy. There are many pleiotropic effects associated with statins,

which are mainly used for lowering cholesterol, and thus they are not only lipid-lowering drugs . To achieve a target

level for LDL cholesterol, statins and PCSK9 inhibitors (proprotein convertase subtilisin/kexin type 9) are effective 

. There is no doubt that both of them are effective in controlling LDL cholesterol and reducing major adverse

cardiovascular events by about 50% . After controlling LDL cholesterol, the remaining risk for major adverse

cardiovascular events is believed to be due to inflammation. As part of the CANTOS trial, it was shown that canakinumab,

an antibody that blocks IL-1β (interleukin-1β), reduces major adverse cardiovascular events .

As a result of atherosclerosis, there is an autoimmune response to LDL and other antigens which could lead to an

escalation or amelioration of the disease’s progression. There have been some recent advances in immunotherapy and

vaccination that have shown promise in curbing atherosclerosis in animal models . Based on the theory of the
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modulation of atherogenesis by adaptive immune responses, especially the CD4+ T cells that recognize self-antigens, a

novel type of therapy that targets the adaptive immune response has been developed to address this phenomenon .

3.1. Pathogenesis of Atherosclerosis

Early-stage atherosclerosis is characterized by cell formation which is the result of lipid accumulation in the cells .

Inflammatory cytokines are released by damaged endothelial cells, which recruit monocytes through the endothelium and

then differentiate into macrophages. Differentiated macrophages consume oxidized low-density lipoprotein (ox-LDL)

through the scavenger receptors LOX-1, CD36, and SR-A1, which hydrolyze cholesteryl esters within lysosomes. By

contrast, free cholesterol is esterified by acyl-CoA cholesterol acyltransferase 1 (ACAT1), while cholesteryl ester is

hydrolyzed by neutral cholesteryl ester hydrolase (nCEH) and cholesteryl ester hydrolase (CEH) . A large amount of

free cholesterol is toxic to cells, so it must be efficiently removed from cells by ABCA1 and ABCG1 transporters .

When the above cholesterol homeostasis is disturbed, excessive cholesterol ester or free cholesterol will accumulate,

causing foam cell formation or cell necrosis.

3.2. Immune Response in Atherosclerosis

Atherosclerotic plaques can become unstable, rupture, or erode over time, causing major cardiovascular complications 

. There is a direct correlation between plaque stability and the level of inflammatory cells as well as the

thickness of the cap of the plaque. Plaques that have thin caps and are full of immune cells are referred to as soft or

vulnerable plaques. To initiate immune cell infiltration, chemokines and adhesion molecules play a major role. An antigen-

presenting cell is a cell that generates major histocompatibility complex molecules, costimulatory molecules, and

cytokines upon the presence of antigens that are produced by pathogens, bacteria, or altered self to determine the

polarization of the adaptive immune response.

In the arterial adventitia and neointima, there are macrophages and dendritic cells that are activated by TLR ligands (Toll-

like receptors) and scavenger receptors . As inflammation cytokines increase in amount and intensity, atherosclerosis

gets worse, and more immune cells are attracted to the area. The inflammatory cytokine IL-1β is an effective target for the

treatment of atherosclerosis and other vascular diseases .

Marchini et al. suggested that at the maturation stage of atherosclerotic plaque, atherosclerosis-antigen-specific T cells

release cytokines, perpetuate inflammation, and help an immune cell infiltrate develop over time  (Figure 1).

Figure 1. Adaptive immune responses in atherosclerosis. LDL penetrates the artery wall and experiences modification by

oxidative and enzymatic processes. The modified LDL molecules promote the expression of leukocyte adhesion

molecules. Monocytes invade the vascular wall and mature into macrophages, differentiating into foam cells after taking

up large volumes of oxidized LDL. T cells become active throughout this process and release mediators, which

subsequently increase the immune reaction and lead to atherogenesis. LDL, low-density lipoprotein; oxLDL, oxidized low-

density lipoprotein.

There is always an autoimmune response associated with atherosclerosis. There are antibodies to oxidized (oxLDL) LDL

that are produced by plasma cells derived from the B cell, and these antibodies can be detected in the serum of humans

and animals suffering from atherosclerosis. The presence of T cells against antigens associated with atherosclerosis is

also found. For some time now, regulating CD4+ T cells (Tregs) have been shown to protect mice from atherosclerosis in

animal models . The recent studies showed that CD4+ T cells specific for the core lipoprotein ApoB (apolipoprotein B),

which is involved in LDL, very low-density lipoproteins, and chylomicron, are mostly Tregs in people without
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cardiovascular disease, but assume mixed and effector phenotypes in those with cardiovascular disease . There is

some evidence that atheroprotection may involve other T- and B-cell subsets, and this is an area of active research.

3.3. Atherosclerosis and Autoreactive CD4+ T cells

A majority of CD4+ T cells present in atherosclerotic lesions are memory T cells (CD45RO+) and are responsible for

producing inflammatory cytokines in response to oxLDL. Several immunogenic epitopes have been identified and used as

vaccine antigens against atherosclerosis in animal models derived from mouse ApoB (Apolipoprotein B).

Until recently, there has not been any direct proof that CD4+ T cells specific for ApoB epitopes exist in the body. To

answer this question, scientists developed MHC-II tetramers for detecting such cells in mice as well as humans. ApoB

epitope P18 is identical in mice (ApoB) and humans (APOB). P18 binds the mouse MHC-II allele I-Ab and DRB1*07:01

(presented in about 8% of humans). To detect APOB-specific CD4+ T cells, scientists created human APOB-peptide

P18:DRB1*07:01 tetramers and found that P18-recognizing CD4+ T cells exist in human peripheral blood mononuclear

cells. The presence of these cells was found in subjects both with and without subclinical cardiovascular disease . The

results of this study are the first in a series of studies to demonstrate that there are self-peptide-recognizing CD4+ T cells

within human peripheral blood mononuclear cells. During the progression of atherosclerosis, the phenotypes of these cells

seem to change .

3.4. Future Atherosclerosis Prevention

There is no doubt that vaccination is one of the most successful interventions in medicine. In recent years, vaccine

development has moved from vaccine development for infectious diseases to vaccine development for non-communicable

diseases, such as cancer, atherosclerosis, hypertension, Alzheimer’s disease, and diabetes mellitus. Identifying vaccine

antigens is the first step in developing an atherosclerosis vaccine. PCSK9 (proprotein convertase subtilisin/kexin type 9),

HSP65, and ApoB are some of the possible antigens that may be used as atherosclerosis vaccine antigens . There are

already antibodies against PCSK9 that are being used in clinical trials. As far as targeting PCSK9 is concerned, it is

known to be safe because humans with null mutations in PCSK9 are asymptomatic except for the fact that they are

resistant to atherosclerosis .

4. Mortality and Cardiovascular Outcomes

When it comes to mortality in patients with peripheral artery disease, The Ankle to Brachial Cohort Study found a strong

association between low (0.90) and high (>1.40) ankle-to-brachial results and all-cause and cardiovascular mortality .

The mortality rate was doubled in those with an ankle-to-brachial index between 0.81 and 0.90, while the mortality rate

was quadrupled in those with an ankle-to-brachial index between 0.70 and 0.80. There has been evidence in multiple

studies from a variety of populations demonstrating that persons with peripheral artery disease are more likely to develop

other cardiovascular diseases as well, such as coronary heart disease, strokes, and aneurysms of the abdominal aorta 

.

Recent research has shown that peripheral artery disease is becoming increasingly important in the context of

polyvascular disease. An example of this is a subset of patients with multiple vascular beds affected by atherosclerosis,

including peripheral arterial disease. According to the FOURIER trial, peripheral artery disease in combination with

myocardial infarction or stroke had the highest risk of major adverse cardiovascular events (cardiovascular mortality,

myocardial infarction, and stroke) over 2.5 years, with a risk of 14.9% 

There is an interesting finding in this study that peripheral artery disease without myocardial infarction/stroke was

associated with a higher risk of major adverse cardiovascular events (10.3%) than myocardial infarction/stroke without

peripheral artery disease (7.6%) .

Numerous studies have demonstrated a correlation between peripheral artery disease and increased mortality 

.

The mortality and adverse outcomes associated with acute coronary syndrome and peripheral artery disease are not only

unfortunate consequences of the natural progression of these diseases but can also result from medical, endovascular, or

surgical interventions . While potentially beneficial, these interventions can have unintended consequences that may

result in death or other adverse outcomes.
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5. Conclusions

Overall mortality rates for acute coronary syndromes and acute limb ischemia have declined in most developed countries

by 24–50%. It is estimated that approximately half of this reduction in cardiovascular mortality can be attributed to

changes in therapy, including secondary preventive measures following myocardial infarction and revascularization. Initial

treatments, advancements in heart failure treatments, and revascularization for chronic angina contributed to this drop.

The other half of the effect was caused by changes in risk factors, including reductions in total cholesterol, systolic blood

pressure, smoking, and physical inactivity. In addition, detecting peripheral arterial disease and developing novel

treatments can improve the therapeutic options.

Slowing the progression of peripheral artery disease is key to decreasing cardiovascular mortality. For now, lifestyle

changes, dietary changes, and conventional therapies may seem like a winning combination, but vaccines might be the

medicine of the future.
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