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Abstract

Peripheral artery disease (PAD) is an atherosclerotic process leading to narrowing of the
major distal arteries in relation to the aortic arch. The progressive closure of the artery leads to
its narrowing, reduced blood flow and the appearance of intermittent claudication - the most
common symptom among patients. Standard methods of management include drug treatment
and lifestyle modification. In severe cases, surgical treatment is used, including intravascular
lithotripsy (IVL). The aim of the study is to analyze the available data on the treatment of
peripheral arterial disease with IVL. The work uses the latest data published on the PubMed
platform. The efficacy of lithotripsy in the treatment of PAD has been confirmed in numerous
publications. The therapeutic effect was obtained both using the lithotripsy procedure alone as
well as in combination with other methods modifying atherosclerotic plaque. IVL is a safe
method, the number of observed complications was negligible. After the patient is properly
qualified for the procedure, IVL may become the therapy of choice in the treatment of PAD.
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Introduction
Peripheral artery disease (PAD) is a major cardiovascular disease that affected 202
million people worldwide in 2010. PAD is characterized by pathological distal
vasoconstriction and is a serious cardiovascular disease with high mortality [1]. Factors
increasing the risk of PAD include obesity (BMI> 30), smoking, hypercholesterolaemia,
diabetes, hypertension and renal failure [2]. Peripheral arterial disease manifests itself by
various symptoms depending on its localization. The most common include: intermittent
claudication, atypical lower limb pain, acute limb ischemia, and critical limb ischemia caused
by arterial lumen occlusion [1, 3]. Peripheral artery disease is the third most common clinical
manifestation of atherosclerosis after coronary artery disease and stroke [4]. Peripheral artery
disease is the third most common clinical manifestation of atherosclerosis after coronary
artery disease and stroke [4]. Ankle-brachial index (ABI) - the ratio of blood pressure at the
ankle level to the highest blood pressure in the brachial artery - is a cheap and effective
method used to diagnose PAD in primary care settings. It is very sensitive (90%) and specific
(98%) [5]. Values below 0.9 suggest a diagnosis of peripheral arterial disease. Along with the
longer duration of the disease, the risk of complications such as severe limb ischemia
requiring amputation and heart attack increases [6]. Treatment of PAD includes both
pharmacological therapy and interventions such as intravascular lithotripsy (IVL) [7, 8].
Originally, lithotripsy was mainly used in urology to treat kidney stones. The latest
research proves the high effectiveness of intravascular lithotripsy to crush calcified
atherosclerotic plaques. The undeniable advantage of intravascular lithotripsy is the crushing
of both superficial and deep calcium. Also, during this procedure, calcium is not released into
the bloodstream. Such action prevents embolism in distal vessels of smaller diameter [9].
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Aim of the study
The aim of the study is to analyze the available data on the treatment of peripheral arterial
disease with intravascular lithotripsy

Materials and methods
The materials used for the analysis come from the PubMed, UpToDate and SpringerLink
platforms, which collect the latest medical articles.

Intravascular lithotripsy procedure

The endovascular lithotripsy procedure consists of 10 pulses (1 cycle) or 10 seconds (1
pulse per second). Depending on the degree of calcification of the lesion, a different number
of lithotripsy cycles is used, but not more than 80 pulses (eight cycles). The selection of the
diameter of the vascular catheter depends on the vessel diameter - the aim is to obtain a 1: 1
ratio of the catheter-vessel diameter. Initially, the balloon is positioned in the vessel by
inflating it to 4 atmospheres. The ultrasonic emitters are then activated using the trigger
button. After delivering 10 pulses (one cycle), the balloon can be made up to 6 atmospheres
and the symmetry of the vasodilatation can be assessed simultaneously by assessing the
modification of calcification of the atherosclerotic lesion. Then the air from the balloon is
carefully released in order to get rid of the air bubbles formed during the treatment. In the
treatment of 1 lesion, it is recommended to use at least 2 I\VVL cycles. When the diameter of
the vessel is narrower than the diameter of the lithotripsy balloon, the described procedure is
combined with other methods of modifying the atherosclerotic plaque, eg rotablation or an
NC balloon [10, 11].

Review of the research considering intravascular lithotripsy
In recent years, IVL has been used in the treatment of calcified atherosclerotic lesions in
both large vessels such as the iliac arteries and in small coronary vessels.

Intravascular lithotripsy in the iliac vessels

In the study conducted by Armstrong et al. 2020, endovascular lithotripsy was
successfully used in the treatment of calcification of the iliac arteries. 118 patients underwent
treatment, including 101 with critical stenosis of the iliac arteries and symptoms of
intermittent claudication. Severe calcifications were observed in 82% of patients. The mean
artery stenosis was 83.1% + 13.4% with an average lesion length of 58.3mm = 57.6mm. The
catheter insertion procedure was successful in all patients. After lithotripsy, a vascular stent
was additionally introduced in 72.9% of cases to supplement the therapy. The end result of the
treatment was a reduction of stenosis to 12% + 12.1% of the vessel diameter. There were no
adverse events related to the intervention [8].

In a study by Ristalli et al. 2019, vascular lithotripsy was used before the transcatheter
aortic valve replacement (TAVR) and percutaneous mechanical circulatory support (MCS)
procedures to decongest the iliac arteries for the insertion of a vascular catheter. The research
group consists of 42 patients who underwent TAVR and 12 patients who underwent MCS. In
both cases, full clinical success was observed, which meant successful TAVR and MCS
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preceded by lithotripsy. There were no life-threatening complications in any of the groups.
IVL as a potential, safe method of restoring calcified femoral vessels prior to TAVR is
confirmed in numerous case reports and a multicentre study, while data on the use of
lithotripsy before MCS are limited and require further extensive research [12].

A case report of a 69-year-old patient with an aneurysm of the descending aorta who
underwent TEVAR (Thoracic endovascular aortic repair) preceded by IVL was presented by
Rosseel et.al in 2019. The limitation of this surgical method is the necessity to use large
diameter instruments, which requires wide vascular access. The role of lithotripsy was to
widen the lumen of the iliac artery to allow insertion of the tools needed for the TEVAR
procedure. The procedure was performed without complications, and in control angiography,
the correct vascular flow was obtained without signs of perforation or dissection [13]

Intravascular lithrotripsy in the popliteal and superficial thigh arteries

The DISRUPT PAD Il study investigated the possibility of using IVL to reduce stenosis in
the popliteal and superficial thigh arteries. 60 patients underwent treatment. 73.3% of the
lesions concerned the superficial thigh artery, the remaining 26.7% of the stenoses were
located in the popliteal artery. Mean arterial stenosis was 78.2% + 13.5%. Procedural success
was achieved in all patients undergoing the procedure. In some cases, additional interventions
were applied: predilation (13.3%), postdilation (3.3%), anticoagulant filter (3.3%) and
stenting (1.7%). The final postoperative arterial stenosis was 24.2%. The vessel widened by
an average of 3 mm. Postoperative complications in the form of vascular wall dissection were
observed in 9 cases, including 1 severe dissection (type D-F) [14].

In 2018, Brodmann et.al conducted a study on a group of 20 patients undergoing IVL
surgery due to below the knee arterial stenoses. The primary safety endpoint was a composite
of major adverse events through 30 days defined as death, myocardial infarction, need for
emergency surgical revascularization of the target limb or amputation of the limb. Full
therapeutic success was achieved in 19 cases. The composite of major adverse events at 30
days was 0% All patients achieved residual diameter stenosis <50%. In one case, type B
dissection was observed, and in 2 cases it was necessary to insert a stent [15].

Other treatments for PAD
Treatment of PAD can be divided into: pharmacological and non-pharmacological.

In pharmacological management, multi-drug therapies are used depending on individual
risk factors for peripheral arterial disease. The most commonly used are antiplatelet drugs
(acetylsalicylic acid, clopidogrel), antihypertensive drugs (ACEI - angiotensin converting
enzyme inhibitors, ARB - angiotensin receptor inhibitors), statins and hypoglycemic drugs
[7].

Smoking cessation is recommended. Secondhand smoke exposure is an independent risk
factor for PAD. High levels of secondhand smoke exposure were significantly associated with
PAD [16]. Among initially healthy women, smoking is a potent risk factor for symptomatic
PAD, an effect partially explained by subclinical inflammation. Smoking cessation
substantially reduces PAD risk, but an increased occurrence of PAD persists even among
former smokers who maintain abstinence [17].
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Supervised exercises improve quality of life in patients with walking impairment. A
supervised exercise therapy (SET) should be considered as a treatment option for claudication
before surgical or endovascular revascularization [7].

Lithotripsy shows an advantage in highly calcified lesions, which are a great challenge
for other surgical methods. Apart from lithotripsy, surgical treatment of PAD includes:
angioplasty with stent implantation, rotablation or an excimer laser [18].

Restrictions on the use of IVL
Some lesions have features that prevent an effective intravascular lithotripsy procedure:

* winding course of the vessel,

» critical narrowing of the vessel's lumen,

* condition after multiple stenting of the lesion,

* unfavorable shape of atherosclerotic plaque.

These clinical situations do not allow for the correct insertion and positioning of the
lithotripsy balloon [19].

In order to reduce the risk of side effects associated with the IVL procedure and to
correctly qualify the patient for the procedure, it is worth making early imaging of the vessels
being the target of the therapy. The optimal choice is to use optical coherence tomography. It
also enables the planning of possible adjuvant therapy which means the use of other plaque
modifying methods, which will increase the effectiveness of the procedure [10].

Conclusions

In the light of the presented studies, intravascular lithotripsy is a promising method of
treatment of calcified atherosclerotic lesions. It is associated with a high rate of therapeutic
effectiveness and a low risk of complications. It is a universal method, which can be used
with equally high efficiency in vessels of various sizes, both coronary and peripheral. There is
a need to compare lithotripsy with other available plague modifying methods to determine the
place of IVL in modern medicine.
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