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Abstract

The cardiovascular complication related to lower limb revascularization is the
common cause of mortality in patients with peripheral arterial disease (PAD). The
coexisting multisite atherosclerotic vascular disease is increasing risk of major adverse
cardiovascular events (MACE). The minimally invasive approach for revascularization,
namely, endovascular-first strategy for decreasing risk of intervention is the modern
approach. The novel technology of the drug delivering device by paclitaxel, sirolimus,
and other antiproliferative drug coated balloon (DCB) and drug eluting stent (DES)
to increase the patency of the target artery are trending to use in patients with CLTI.
However, the long-term result and safety of a drug delivering device are still contro-
versial. The paclitaxel related to MACE and major adverse limb events (MALE) need to
be investigated. The new drug coating balloon, sirolimus demonstrated the excellent
short-term result. However, there are some limitations of previous randomized studies
and meta-analyses to conclude the best strategy and device to perform the best result
for revascularization without increasing risk of MACE and MALE in CLTI patients
who candidate for revascularization. This article is summarized the pathophysiology of
MACE and MALE in the patients with PAD during revascularization, paclitaxel related
cardiovascular complications and sirolimus coated balloon.
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1. Introduction

Peripheral arterial disease (PAD) is a chronic condition in which stenosis or occlusion
of the peripheral arteries [1-3]. The scopes range from the arteries that feed the brain are
the carotid artery and the vertebral artery, the upper extremity arteries, the mesenteric
arteries, the renal arteries, and the lower extremity arteries [1, 2, 4]. The PAD is primarily
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caused by the systemic atherosclerosis [5, 6]. There are other causes of PAD, such as
thromboangiitis obliterans (TAO) or Buerger’s disease, chronic arterial embolism, arterial
entrapment, fungal arteritis, Takayasu’s disease, inflammatory arterial disease from other
causes such as polyarteritis nodosa (PAN) or other uncommon arteriopathies such as
drug-induced arteriopathy [7], exercise-related external Iliac arteriopathy, radiation arte-
ritis, fibromuscular dysplasia (FMD), vasculitis secondary to connective tissue diseases),
such as rheumatoid arthritis, systemic lupus erythematosus (SLE), etc. [1, 8, 9].

The PAD of the lower extremity or lower extremity arterial disease (LEAD) due
to atherosclerosis is a common disease in patients over the age of 60 years [2, 10, 11].
Males having a 1-2 times higher risk of developing PAD than females [1]. There
have been 200 million cases of PAD worldwide, with a prevalence in 13-28%. The
prevalence rate is expected to be underestimate due to a lack of screening system,
which makes it impossible to document the exact number of patients in the group
who have no symptoms or have minor symptoms [1-3]. In addition, a half of patients
presenting with gangrene and ischemic ulcer of lower limb have no prior document
of PAD [3]. According to previous publications data, the presentation of PAD is not
typical. 50% of PAD patients are asymptomatic, In addition, among diabetics mellitus
(DM) with PAD, have no symptoms of up to 80%. 15% of PAD patients are intermit-
tent claudication. Only 1-3% of PAD patients are chronic limb-threatening ischemia
(CLTT) which is a clinical syndrome of the PAD in combination with rest pain,
gangrene or lower limb ulceration [3, 12, 13].

The major cause of death in patients with PAD is a cardiovascular disease. A cere-
brovascular disease (CVD) and coronary artery disease (CAD) lead to high mortality
rates for LEAD patients [14, 15]. The 5-year mortality rate of diagnosed PAD patients
is 10-15%. Three-quarters of mortality group are fatal stroke and myocardial infarc-
tion (MI). For CLTI patients, the mortality rate is increasing to 25% with 4.5% of fatal
stroke and 6.5% acute MI [16]. Thus, the four-point major adverse cardiovascular
events (MACE) including acute MI, stroke, cardiovascular mortality, hospitaliza-
tion for unstable angina or revascularization procedures is an increasingly primary
outcome of interest in PAD. Recently, five-point MACE further expands on this with
the inclusion of heart failure (HF) [3, 17, 18].

The PAD patients who need to revascularization of lower extremity artery include
(1) CLTT which associated with increased mortality, risk of amputation, and impaired
quality of life. (2) Disabling claudication patients who have limitation of daily activ-
ity and impaired quality of life due to their symptom [3, 13, 17]. All of them are risk
of MACE during hospitalization for lower limb procedure such as revascularization,
debridement, and amputation. MACE is rapid increasingly during perioperative period
due to the stress from the foot infection or active comorbid disease and risk of the
anesthesia and operation including revascularization (open vascular bypass, endovas-
cular treatment) as well as amputation. Moreover, the poor performance status which
occurred in patients who loss of ambulatory state due to non-functional limb, amputa-
tion, limb ulceration, gangrene, rest pain or disabling claudication are increased risk of
MACE (Figure1). The Society for Vascular Surgery (SVS) Objective Performance Goals
(OPGs) established standardized tools for report benchmark of perioperative outcome
including MACE and major adverse limb events (MALE) after revascularization
procedures in patients with CLTI. The major adverse limb events (MALE) include major
amputation of the revascularized limb and reintervention [19, 20].

Over the past decade, revascularization procedure for treating both simple and
complex lower extremity arterial occlusive disease in a minimally invasive fashion
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Figure 1.

The pathologic process of amputation and MACE during hospitalization in patients with PAD. CAD, coronary
artery disease; CLTI, chronic limb-threatening ischemia; CVD, cerebrovascular disease; HE, heart failure;
MACE, major cardiovascular events; MI, myocardial infarction; PAD, peripheral avterial disease.

have increased significantly and induce some to support an “endovascular-first strat-
egy” for most patients with PAD who candidate for revascularization [3, 13]. Most of
the endovascular treatment (ET) in CLTI is a minimally invasive intervention which
can perform under local anesthesia, which decreased the risk of general anesthesia,
especially in multiple co-morbidities patients who cannot tolerate the major opera-
tion. In addition, ET can avoid the surgical wound complication and adjacent tissue
injury. The length of hospital stay is also decreased in CLTI patients who performed
ET when compare with open vascular bypass procedures.

Recently, the novel technology developed the antiproliferative agent -coated and
-eluting device which can deliver the drugs to the vessel wall to limit the neointimal
growth within de novo vascular system and stent [21-26]. However, some literatures
report the MACE, aneurysmal degeneration, vascular fibrinoid necrosis, small vessel
inflammation, and budget impact after drug technology device including drug coated
balloon (DCB) and drug eluting stent (DES) in patients with ET [27-31]. The long-
term MACE after DCB and DES device usage in patients with CLTI is still controversy
[30, 32, 33]. This chapter describes the fundamental pathophysiology of MACE
related to revascularization in patients with PAD and summarizes the most current
data to guide an appropriate strategic treatment with drug-delivering technology
under the risk and benefit assessment for ET in CLTI patients.

2. Pathophysiology of MACE related to PAD and atherosclerotic risk
factors

In patients with diagnosed PAD, the risk of MACE appears to be greater than
patients without PAD [3, 14]. The major atherosclerotic risk factors including DM,
hypertension, dyslipidemia, and smoking are increased the MACE due to the athero-
sclerotic involvement of arterial system in vascular beds that affect blood supply to
the target organs (Figure 2).
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The relationship between athevosclerotic risk factors and major adverse cardiovascular events with overlap in
multisite atherosclerotic vascular disease. HTN, hypertension; DM, diabetes mellitus; DLD, dyslipidemia; CKD,
chronic kidney disease; CRP, C-reactive protein; CAD, coronary artery disease; LEAD, lower extremity arterial
disease; CVD, cevebrovascular disease; MACE, major cardiovascular events; MI, myocardial infarction.

The metabolic abnormality in patients with DM lead to hyperglycemia, insulin
resistance, and increasing of free fatty acid. Three fundamental dysmetabolism
process led to endothelial dysfunction and atherosclerosis [34]. Hyperglycemia
increases the oxidative stress by increasing of reactive oxygen species (ROS). In
addition, the cellular mitogenic pathway activation through the mitochondrial gen-
eration of the superoxide anion including advanced glycation end products (AGEs),
protein kinase C (PKC) activation, and nuclear factor kappa B (NF-xB) are induced
by high blood glucose level. In patients with long duration DM, insulin resistance
cause endothelial dysfunction, decreasing of nitric oxide (NO) synthase, expression
of adhesion molecules, and atherosclerotic lesions [34]. In addition, a thrombosis
risk in DM is increasing though the hypercoagulation and platelet aggregation. The
elevation of plasminogen activator inhibitor 1 (PAI-1), tissue factors and decreasing
of NO are promoting coagulation cascade and platelet activation. Finally, insulin
resistance is also promoted atherosclerotic process due to lipid metabolism distur-
bance such as high triglycerides (TG), high apolipoprotein B (ApoB), small and
dense low-density lipoprotein (LDL), low high-density lipoprotein (HDL) choles-
terol [35-37].

In early atherosclerotic process, the endothelial dysfunction is associate with hyper-
tensive patients. A reduction in NO result in a reduced vasodilatory response, and
result in an inflammation, thrombosis, and activate coagulation cascade [34, 38, 39].
The repetitive blood pressure alterations in patients with hypertension cause ongoing
renin-angiotensin system activation. Angiotensin II, the product of renin-angiotensin
system is a potent vasoconstrictor has an impact on the atherosclerotic lesions [35-37].
In the setting of dyslipidemia, a foam cell which is an intracellular droplets of cho-
lesterol ester are occurred under the high LDL and low HDL in peripheral blood. The
damaged endothelial of vessel wall cause the foam cells adhere and migrate into the
intima layer and developed macrophages. The ongoing thickening of the intima by
foam cell is developed after the vascular smooth muscle cell (VSMC) proliferates above
the endothelial damaged area until the fibrous cap formation to create the atheroscle-
rotic plaque [40].
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Smoking causes an inflammation of vessel wall which related to atherosclerotic
plaque formation through interleukin-6, tissue necrosis factor-a, interleukin-1-p,
leukocyte, C-reactive protein (CRP), and other inflammatory markers [34, 38, 39].

The endothelial dysfunction by the increasing of ROS productions through the reduc-
tion of NO, and activation of enzymes are present in smoker patients. In addition, the
prothrombotic state of platelet activation and aggregation are create by increasing of
thromboxane A2 (TXA?2), von Willebrand factor (vWF), thrombin, fibrin and decreas-
ing of prostacyclin, antithrombotic, and fibrinolytic substances (PAI-1) [35-37].

The atherosclerosis of lower extremity artery is systemic disease which involved
other vascular beds that affect blood supply to the cardiac and brain (Figure 2). So,
it is usually that the LEAD, CAD, and CVD commonly occur together (Figure 2). So,
the presence of lower extremity stenosis/occlusion is associated with an increased risk
of stenosis/occlusion of coronary artery, carotid and vertebrobasilar arterial system
which is clinically presented by MI and stroke [3, 14]. 25-70% and 14-19% of patients
who present with LEAD often coexists with CAD and CVD, respectively. Conversely,
only 7-16% and 18-22% of patients with CAD and severe carotid stenosis are coexists
with LEAD, respectively [35]. Patients with severe LEAD which indicate by ankle
brachial index (ABI) <0.4 or severe atherosclerosis on anatomic distribution by Trans-
Atlantic Inter-Society Consensus for the management of PAD (TASC II) exhibit more
extensive calcified and progressive coronary atherosclerosis [14, 35]. Therefore, the
MACE is categorized into two fundamental parts including CAD and CVD based on
vascular bed involvement which focus on the morbidity (stroke, MI, HF) and mortal-
ity (fatal stroke and fatal MI) (Figure 2). Currently, updated MACE is expanded to
five-point including acute MI, stroke, hospitalization for unstable angina or revascu-
larization procedures, HF, and cardiovascular mortality [3, 4, 14, 35, 36].

The risk of ongoing development to CLTI appears to be greater in patients who
have a pre-existing CAD and CVD such as history of stroke, MI or HF. Comparing
with PAD, patients with CLTI have a higher risk of MACE and premature death due
to cardiovascular disease. In patients with developed CLTI, the risk of amputation
and mortality rate is extremely increased to 30% and 25%, respectively [3, 14, 35].
For this reason, treatment of patients with CLTI is not only revascularization to
salvage a functional limb but also aggressive best medical treatment to reduce
MACE. The medical management of patients with PAD including atherosclerotic
risk factors modification, statin therapy and antiplatelet therapy for symptomatic
PAD can decreased risk of development of CLTI and overall prognosis for patients
with PAD [3, 13].

3. Pathophysiology of MACE related to revascularization procedure in
patients with CLTI

Almost CLTI patients need to be revascularization to salvage a functional limb
and improve the quality of life [14, 35, 39]. Because the risk of perioperative MACE
and other coexisting co-morbidities, some patients who indicate for limb revascu-
larization are not candidate to perform the operation. Although, the novel medical
technology including ET, medical risk optimization, the intensive care knowledge
is significantly developed during the last century. The poor functional capacity and
multiple co-morbidities patients are still very high risk of perioperative MACE during
revascularization [3, 18, 37]. Active cardiac condition (including acute coronary
syndrome including unstable angina (UA), non-ST elevation MI (NSTEMI) and
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ST-elevation MI (STEMI) as well as symptomatic carotid stenosis are usually need for
coronary and carotid revascularization before lower limb revascularization
(3, 4, 14, 18, 35, 37, 39].

In healthy people, the systemic organs are functioning in parallel and simultane-
ously. The consequences of the organ functioning including (1) the stroke volume
which is ejected from the heart and feeding to the various organs before entering the
capillaries and venous system of the organ, (2) the arterial blood feeding each organ
has the same composition, (3) the blood pressure at the entrance to each organ is the
same, and (4) the blood flow to each organ can be controlled independently (local
regulation of blood flow, namely, “autoregulation”) [3, 41, 42]. The autoregulation is
the human body physiologic response of functional hyperemia to maintain the blood
flow to the vascular bed of the vital end-organ such as brain, kidney. The responsibil-
ity of the human body physiologic alteration and autoregulation after revasculariza-
tion are impact to the incidence of perioperative MACE in patients with CLTI.

Physiologic changes and the autoregulation process after revascularization procedure
by decreasing afterload (peripheral vascular resistance) are the burden to cardiovascular
system. The cardiac reserve and response after lower limb revascularization, the ana-
tomic distribution and severity of lower limb arterial occlusive disease as well as the type
of revascularization are determining the risk of perioperative MACE [14, 37, 43].

3.1 Cardiac reserve and response after lower limb revascularization related to
MACE

The blood flow rate which feed to the end organs are determined by the cardio-
vascular system. Each organ can adjust their vascular resistance or afterload which
maintaining the blood flow and pressure to their vascular bed by the autoregula-
tion mechanisms. Therefore, revascularization procedures which result in the
reduction of afterload rapidly are significantly increased blood flow to the lower
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Figure 3.
The normal physiologic changes of cardiovascular system and cavdiac response after lower limb vevascularization.
BB, blood pressure; CO, cardiac output; TPR, total peripheral vesistant; SV, stroke volume; HR, heart rate.
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extremities [39, 42, 43]. The preoperative cardiac reserve and cardiac response
after lower limb revascularization are the important risk factors of perioperative
MACE [14, 37, 43]. The rapidly increasing of the lower limb perfusion after revas-
cularized procedures causes the alteration of cardiac physiology and activation of
autoregulation process [3, 41, 42]. The cardiac responsibility is dependent on the
increasing of blood flow rate to the revascularized limb which is determined by the
degree of revascularization. If the revascularization is successful, almost stenotic,
or occlusive lesions are well recanalization by endovascular therapy or open vascular
bypass procedure which is cross all vascular lesions from the good inflow to the good
run-off vessel, the after load of the lower limb are decreasing rapidly. The decreasing
afterload leads to the reduction of total peripheral resistance (TPR) (Figure 3).

In the normal cardiac reserve patients, the immediate cardiac response to maintain
the mean arterial blood pressure (MAP) is increasing of the cardiac output (CO) by
the mechanoreceptors, known as baroreceptor reflex which are in the aortic arch and
carotid sinus. The baroreceptors activity is decreasing lead to the reduction of impulse
toward to the cardiovascular center. The increasing of sympathetic activity and the
reduction of parasympathetic activity cause the increasing of CO (Eq. (1)). The increas-
ing of CO is performed by the increasing of stroke volume (SV) and heart rate (HR)
which are regulated by an autonomic nervous system (ANS) and a hormonal system
though the positive chronotropic substances in human body. (Eq. (2)) (Figure 3).

MAP =COxTPR (1)

MAP = (SV xHR)x TPR (2)

The good cardiac reserve patients with good ejection fraction (EF) are regulated
the SV by increasing of cardiac contractility and venous return (Eq. (3)). The increas-
ing of cardiac contractility is activated by the neurohormonal system through the
positive inotropic substances. The venous return which is regulated by the blood
volume and venous tone are increased by the renin-angiotensin-aldosterone system
(RAAS) activation, antidiuretic hormone (ADH) releasing, sympathetic nervous
system, and central nervous system (Eq. (4)) (Figure 3).

MAP = (cardiac contraction x venous return) x HRx TPR (3)

MAP = cardiac contraction x (blood volume x venous tone)x HR x TPR (4)

During the lower limb revascularization in patients with CLTI, the cardiac response
by the increasing of SV through the cardiac contractility and increasing of HR are
requiring the adequate perfusion of a myocardium which is more than resting cardiac
metabolic requirement in non-revascularization of lower limb patients. So, the good
functional status and cardiac reserve by the coronary artery perfusion which feeding to
the myocardium is very important to prevent perioperative MI. In addition, the normal
cardiac response and autoregulation process are controlling the MAP to keep a constant
blood flow to the other vital organ including the brain and renal to prevent periopera-
tive stroke and acute kidney injury (AKI), respectively (Figure 3) [37, 41, 42].

For poor functional status and poor cardiac reserve patients, the cardiac response
after revascularization though the increasing of heart rate and cardiac contractility to
maintain MAP which increase the perfusion demand of myocardium are risk of acute
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Figure 4.

The physiologic disturbance of cardiovascular system after lower limb revascularization in patients with
coexisting coronary artery disease. BB, blood pressure; CO, cardiac output; TPR, total peripheral vesistant; SV,
stroke volume; HR, heart vate; ACS, acute covonary syndrome; UA, unstable angina; MI, myocardial infarction.

coronary syndrome (ACS) (Eq. (3)). The coexisting CAD or HF causes the limitation
of blood supply to the myocardium and poor ejection fraction (EF) cause the insuf-
ficient perfusion to the heart and other organ. Therefore, the MI and acute HF are
usually precipitated during revascularization procedure in CLTI patients with cardiac
comorbidities. The ACS including UA, STEMI, and NSTEMI. After the mismatch of
cardiac demand-supply, the severity of myocardial ischemia can present from the UA
without myocardial necrosis to the myocardial infarction (MI) which there is myocar-
dial ischemia with detectable myonecrosis by the releasing of cardiac biomarkers such
as creatine kinase, troponin, myoglobin in the systemic circulation (Figure 4) [41, 42].

The consequence of MI or acute HF are systemic poor perfusion and cardiogenic
shock. The autoregulation process to keep the adequate perfusion to the brain is the
vital role to prevent stroke for this situation. The concomitant significant arterial
occlusive disease of the carotid and vertebral arterial system can precipitate the
perioperative stroke after revascularization because the decompensate in cardiac
responsibility and autoregulation process which lead to the failure to maintain the
constant blood flow to the brain. For this reason, the concomitant CAD, HF or CVD
in patient with CLTT are high risk of MACE during lower limb revascularization. The
early detection, optimization of the functional status, aggressive medical treatment
in the preoperative phase before lower limb revascularization should be performed
intensively to decrease the risk of perioperative MACE and to increase the chance of
a functional limb salvage and long-term ambulatory status which effect on quality of
life and cardiovascular mortality in patients with CLTI [19, 20].

3.2 The anatomic distribution and severity of lower limb arterial occlusive disease
related to perioperative MACE

A reduction in arterial lumen more than 75% of cross-sectional area or 50% of
luminal diameter causes the significant stenosis which are limiting blood flow to
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The energy losses in the arterial stenotic lesion according to Poiseuille’s law and the veduction in blood flow across
an arterial stenosis due to the inertial energy losses by the turbulent flow in entrance and exit effects. Q, flow rate;
AP pressure gradient (P1-P2); v, vadius; L, length; n, fluid viscosity.

lower limbs [3, 35]. From the Poiseuille’s law [44, 45], the flow rate (Q) of the fluid
in a hollow cylindrical shape tube is a direct variation of the fluid pressure (AP) and
tube’s radius (r) whereas the tube’s length (L) and fluid viscosity (n) is indirect varia-
tion of the flow rate (Eq. (5)) (Figure5).

Q =APnr*/8nL (5)

Therefore, the stenotic or occlusive arterial lesions are affecting to the decreasing
of blood flow rate in the PAD of lower extremity. A severe stenosis and long length of
the arterial lesions, meaning a greater decrease in blood flow and perfusion to lower
limb when compare with a mild stenosis and short lesions. For the geographic pattern
of stenosis. The irregular and abrupt change of arterial lumen results in more reduc-
tion of blood flow rate than a gradual tapering of the lumen (Figure 5) [37, 44, 45].

In addition, the blood flow rate is also affected by the anatomic distribution of
a stenosis or occlusion. The inertial losses, an entry and exit of blood in a stenosis
area which are resulting in the reduction of blood flow rate is important factors to
the lower limb perfusion. The abrupt change of luminal stenosis of the entry site and
expansion of the flow stream of the exit site has created the dissipation of kinetic
energy in a zone of turbulence flow (Figure 3). Thus, the multiple short stenotic
lesions result in more energy losses than single long stenotic lesion [37, 44, 45].
Commonly, the anatomic distribution of atherosclerosis in CLTI patients usually
presents in multilevel occlusive disease [3]. The concomitant FP occlusive disease and
IP arterial occlusive lesions usually occurred. The pattern of disease often presents the
long occlusion or multiple severe stenosis lesions in CLTT [3, 35, 39].

In mild to moderate severity of LEAD, a stenosis vascular lesions are not influ-
enced to lower limb perfusion at resting blood flow rates but become critical when
flow rates are increased by reactive hyperemia through the vasodilatation which pro-
duce the intermittent claudication symptom during walking or exercise [12, 37, 43].
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So, the revascularization strategy in patients with intermittent claudication have

only increased flow rate to prevent the insufficiency perfusion during walking or
exercise. In CLTI patients, the goal of lower limb revascularization is to increase the
blood flow rate which is ensuring adequate straight inline to the wound or maintain
resting metabolic requirement of lower limb for tissue loss and rest pain, respectively
[3, 35, 43]. Therefore, the alterations of physiologic flow rate during revascularization
in intermittent claudication is lower than CLTI which more extensive calcified and
severe atherosclerotic stenotic or occlusive lesions. Moreover, the associated coronary
and cerebrovascular disease are usually occurred and more severity in patients with
extensive anatomic distribution of atherosclerotic CLTI [14, 35]. Altogether, the
perioperative MACE is frequently present during revascularization in CLTI which is
severe, multilevel atherosclerotic disease.

3.3 Type of lower limb revascularization related to MACE

The best choice for lower limb revascularization is dependent on multiple
factors which determine, by the characteristic of patients, disease, and expertise of
physicians. The patient’s co-morbidities, anatomic distribution and severity of dis-
ease, patient’s clinical presentation or degree of tissue loss, availability of venous
conduit for below the knee lesion as well as doctor’s preference, and experience
(doctors included vascular surgeons, interventionist, cardiologist, and angiologist)
are established to the important factors to determine the type of revascularization
[14, 37, 43, 46-48].

Currently, the “endovascular-first strategy” or “endovascular-first approach”
for lower limb revascularization in patients with LEAD have increased significantly
[46]. This minimally invasive approach is aimed to decrease the morbidity and
mortality of the open vascular bypass procedure. There are a lot of publications
report the ET in CLTI patients with suprainguinal disease (aortoiliac disease, AIOD)
and infrainguinal disease such as FP, IP, and inframalleolar arteries segment (IM)

[3, 35, 46, 47]. Complex, severe, multilevel atherosclerotic occlusive can performed
revascularization by ET which is associated with amputation free survival improve-
ment over the long-term with modest relative increased risk of reintervention [47].
CLTT patients with multiple co-morbidities, the initial surgical bypass is associated
with poorer amputation-free survival compare with an endovascular-first approach
due to increased severity of wounds at the time of presentation [46]. The study of
CLTT in the Vascular Quality Initiative (VQI) reports the ET procedures are more
offered to older and more co-morbidities patients. The patients who performed ET
demonstrated the lower perioperative mortality when compare with open vascular
bypass. However, the benefit of ET is not demonstrated when treating patients

with few comorbidities or less advanced disease [48]. Finally, the CLTI which is the
advance form of atherosclerosis of LEAD are usually involved to other vascular bed.
The coexisting multiple co-morbidities due to systemic atherosclerotic disease includ-
ing CAD and CVA are usually present in CLTI patients who plan for revascularization
[34, 43]. Therefore, the endovascular-first strategy is still the preferred approach for
the majority of CLTI patients. The open vascular bypass procedures are more likely to
perform for reintervention procedures, young patients, and few comorbidities [48].

However, long term patency and freedom from reintervention rate of open vascu-
lar bypass procedures are better than ET. The selection of CLTI patients to performed
open vascular bypass or ET should be considered carefully. The patient’s based
individual approach and risk-benefit consideration including the risk of perioperative
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MACE, MALE, quality of life, morbidity, and mortality of each procedure are very
important [3, 35, 43].

3.3.1 MACE related to open vascular bypass

The open vascular bypass procedures are significant impact of the physiological
changes of the cardiovascular system by decreasing afterload which is loaded to the
cardiac function [41-43]. The degree of revascularization and increasing of blood
flow rate of open vascular bypass procedures are determined by the level of inflow
artery, quality of distal runoff and unimpaired of foot arch arteries as well as the
total length of the bypass which cross to the atherosclerotic lesion. Higher or larger
arterial inflow, better quality of distal runoff and foot arch arteries, longer length of
bypass are more increasing of blood flow and pressure to lower limb [37, 41-43, 49].
Example: The CLTI patients with multisegmented AIOD, FP, and IP disease who
performed common iliac artery to tibial artery bypass which allow inline flow to
the complete foot arch artery is a higher physiologic alteration of the cardiovascular
system during revascularization than the CLTI patients who performed distal super-
ficial femoral artery to tibial artery short bypass with incomplete foot arch artery to
treat the isolated IP disease [37, 41]. The in-situ anatomical bypass procedures such as
aortobifemoral bypass is a higher risk of perioperative MACE than extra-anatomical
bypass such as axillobifemoral bypass due to more rapid increasing of blood flow rate,
third space loss from abdominal exploration of the in-situ anatomical bypass proce-
dures. Therefore, a complexity and planning of open vascular bypass are related to
risk of perioperative MACE. Comparing with ET, the open vascular bypass procedure
is a higher risk of perioperative MACE because more rapid increasing of blood flow
and more alteration of the cardiovascular system (Figure 6).
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The impact of revascularizgation in CLTI patients with TASC-D AIOD (A) open vascular bypass by vascular

bifurcate graft (B) and endovascular treatment by stent graft (C) on the blood flow of lower limb and

cardiovascular system. TASC, trans-Atlantic inter-society consensus; AIOD, aortoiliac occlusive disease; CLTI,
chronic limb-threatening ischemia.
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The risk of open vascular bypass also includes the risk of anesthesia which related
to perioperative MACE. Most of the open bypass procedure needs to perform under
general or spinal anesthesia which impact on the cardiovascular system [37]. Most
anesthetic agent and muscle relaxant during anesthesia are negative impact on the
cardiovascular system. The potential complications and morbidities of open vascular
bypass procedures include surgical wound infection, bleeding, adjacent tissue/organ
injury (such as nerve injury) due to the vessel dissection, and manipulation in open
vascular bypass operation [37]. The surgical infection is usually present in CLTI with
a history of wound infection, major tissue loss, diabetic foot ulcer, below the knee
vascular bypass, redo-open vascular bypass in the previous surgical area [3, 13, 37].
All perioperative non-cardiovascular complication led to reintervention or the stress
and inflammation which are precipitate the perioperative MACE.

The risk of bleeding and perianastomotic pseudoaneurysm or hematoma are a
significant increase in patient who take multiple antiplatelets or anticoagulants [35].
Most of perianastomotic pseudoaneurysm requires the surgical treatment which
increases the perioperative MACE due to anesthesia and bleeding during the redo
operation. The CLTI patients with coexisting ACS or CVD usually take dual antiplate-
let such as aspirin and clopidogrel especially in CAD patients with recent percutane-
ous coronary intervention (PCI) with stent [35, 37]. The cardiac arrhythmic patients
need to take the oral anticoagulants to prevent intracardiac clot formation. The
patients who had a history of CVD usually take an anticoagulant or antiplatelet to pre-
vent recurrent stroke. So, the open vascular bypass procedures in CLTI patients with
coexisting CAD and CVD are higher risk of bleeding and wound complications than
ET. On the other hand, the discontinuation of antiplatelets or anticoagulants in high-
risk MACE patients preoperatively are prohibited and increasing of the incidence of
recurrent MACE during lower limb revascularization [14, 35, 37]. The appropriate
post-operative care of CLTI patients who underwent open vascular bypass includ-
ing wound care, ambulation training, rehabilitation, and atherosclerotic risk factors
modification are decreased risk of perioperative complications, perioperative MACE,
and long-term MACE [37, 42, 50].

3.3.2 MACE related to endovascular treatment

The ET can decrease the risk of perioperative MACE through the two main mecha-
nisms. (1) The risk of anesthesia, proper anesthesia is allowing safe, less complica-
tion, comfortable, and well operated of the interventions. Most of CLTI patients are
classified in class III and class IV of the American Society of Anesthesiologists (ASA)
physical status due to severe systemic disease such as poorly controlled DM, hyper-
tension, HF, history of ACS or CVD, chronic kidney disease, etc. High ASA physical
status is associated with perioperative morbidity and mortality, namely, periopera-
tive MACE [37]. Most of the ET procedures are preferred under local anesthesia
with adequate sedation or analgesia which decreased the risk of general and spinal
anesthesia. Anesthetic agents in general and spinal anesthesia usually impacts on the
cardiovascular system [37]. (2) The risk of the operation, ET procedures reported
less bleeding, less surgical wound complications, and less adjacent tissue/organ injury
when compare with open vascular bypass procedures. The incidence of the surgical
infection such as groin wound infection, vascular graft infection is very low in CLTI
patients who underwent ET. In addition, less post-operative pain due to minimally
invasive procedure allow early ambulation in patients with CLTI when compare
with open vascular bypass. Thus, the risk of post-operative complications due to
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non-ambulatory status including deep vein thrombosis (DVT), lung atelectasis, aspi-
ration pneumonia, urinary tract infection, and bowel ileus are decreased [37, 42, 50].
Especially in suprainguinal lesion or AIOD, the in-situ open vascular bypass proce-
dure is needed for abdominal exploration which is significantly higher morbidity and
mortality when compare with ET or hybrid operation. Because of the development of
a new generation of aortoiliac stent and endograft, ET was associated with high initial
technical success with equal short- to mid-term patency rate and fewer in-hospital
systemic complications when compare with open vascular bypass for simple and
complex AIOD [35, 37, 49].

To avoid the major operation of open vascular bypass procedures, the advance age
and multiple co-morbidities usually undergo revascularized procedure by ET [48].
So, the risk of perioperative MACE during ET due to revascularization process are
still present in the real-world practice because of poor cardiac reserve and multiple
comorbidities such as CAD, HF and CVD. The burden to cardiovascular system
depends on the degree of physiologic changes after ET because of the increasing of
blood flow to the lower extremity after successful revascularization [41, 42, 48]. The
high level of occlusion (such as suprainguinal disease) and single stage multiseg-
mented revascularization are high risk of perioperative MACE due to rapidly decreas-
ing of afterload and rapid increasing of blood flow to lower limbs (Figure 6) [41, 42].
In addition, the new technology of the antiproliferative agent embeds endovascular
device which has increased the patency of the target arterial lesion are increasing to
use in CLTT patients who undergo ET [21-26]. Some cohort study and meta-analysis
report the high incidence of MACE in CLT1I patients after revascularization by DCB
and DES. The complication such as aneurysmal degeneration in patients with ET are
reported [27-31]. Therefore, the MACE related to DCB, and DES is still debatable
[30, 32]. The mechanism of drug-delivering technology and pathophysiology of
MACE which may precipitated by DCB and DES, and latest evidence of the relation-
ship between drug-delivering technology and MACE and potential complications are
described under the Section 4 of this Chapter.

4. Drug-delivering technology concept and their effect on the
perioperative MACE

The drug delivering technology of the paclitaxel, sirolimus, everolimus and other
antiproliferative agent coated balloon and eluting stent to increase the patency of
native artery and in-stent restenosis (ISR) through the aggressively inhibition of arte-
rial damage induced neointimal hyperplasia are trending to increase for ET in patient
with CLTT [21-26]. Due to the controversy of the MACE and potential complications
related to DCB, and DES, the pharmacologic effect of drug-delivering technology and
pathophysiology of MACE are very important to guide the individual patients-based
approach and determine the strategies to offer the drug delivering technology in CLTI
patients who undergo ET [30, 32, 33].

4.1 Strategies for drug-delivering technology and concept in endovascular
treatment

The management of LEAD included (1) the risk modification and medical treat-
ment to prevent MACE and MALE, (2) Revascularization procedures to improve
the quality of life and salvage a functional limb with maintaining ambulatory status
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for disabling intermittent claudication and CLTI, respectively [3, 13, 35, 39]. The ET
is usually the first-line option in CLTI patients who are high risk for perioperative
MACE [3, 46]. The fundamental steps of revascularization in ET include (1) percuta-
neous vascular access, (2) guidewire and catheter passage, (3) vessel preparation and,
(4) definitive therapy of arterial occlusive lesion [37, 50-52]. After the vascular access
approach and intraluminal passage of the wire across the stenotic or occlusive arterial
lesion, the vessel preparation is the most important step to determine the definitive
therapy of de novo arterial lesion which effect to the patency of the target arterial
lesion in short- and long-term [51-53]. The aim of vessel preparation is modified local
environment of the vessel prior to leaving something behind including stent or a non-
stent anti-proliferative agent. The concept of vessel preparation included the altering
residual mechanical forces in the vessel, improving luminal gain to deliver an implant
and, debulking calcium or barriers to diffused of anti-proliferative agent. Thus, the
vessel preparation allows an intraluminal maximal lumen diameter without thrombo-
sis, early recoil, plaque-burden and, flow-limiting dissection is the ideal treatment for
the best patency of target arterial lesion and limit the mechanism of late target vessel
failure after intervention, namely, restenosis including negative vascular remodeling
and intimal hyperplasia by definitive therapy [37, 50-55].

Plain balloon angioplasty (POBA) is used to dilate significant arterial stenotic or
occlusive lesions with variable results. POBA can increase the luminal diameter of
a target vessel by several mechanism including stretching or rupture of plaque and
connective fibers in the intima and media, compression of plaque and thrombus,
compression of the medial layers, redistribution of plaque or thrombus at the inner
surface of an artery, and overstretching of the artery [51, 53]. The drug delivering
technology which offer the best long-term patency and prevent restenosis in de novo
arterial lesion which does not indicate to scaffolding or stenting after the vessel prepa-
ration process is DCB [22-25, 32, 55].

DCB is a balloon-mounted surround by an antiproliferative chemotherapeutic agent
for delivering biologically active materials into the vessel wall. The paclitaxel is a major-
ity of chemotherapeutic agent which is effects by binding to the beta subunit of tubulin,
resulting in the cessation of microtubular function and the inhibition of cellular
division [37, 55]. The technique of DCB in ET include (1) adequate vessel preparation
by predilatation and gradually increasing diameter of the POBA to the optimal size of
the target vessel diameter are achievable without the dissection or recoil, (2) transfer
phase of DCB which needs to touch and press the vessel wall for agent release. The size
of DCB need to be equal the last uncoated balloon or one by one ratio of the POBA:DCB
diameter and, (3) The action phase of DCB, the agent should stay as long as possible as a
reservoir for long-term antiproliferative effect on the vessel wall after the drug transfer
[37, 55, 56]. The long-term effect on the vessel wall is needed the lipophilicity proper-
ties of the agent without any toxicity to the target arterial lesion and other vascular bed
when the drug is released in the systemic circulation in minimal level. The paclitaxel is
a highly lipophilic property which limits the ability to transfer into the vessel wall but
long-term embedded in the vessel wall. So, the excipient co-drug is needed to facilitate
absorption in transfer phase. The stable configuration during kept on the shelf, during
transport and handling with minimal loss of the agents on the delivering device are very
important factors which effect on the efficacy of the DCB. Several DCB for use in the
peripheral vascular intervention on the market are developed currently. The main dif-
ferences in each manufacturer including excipient molecules bound to the drug, nature
of coating, and the concentration of drug lead to difference in the efficacy, effective-
ness, and safety of DCB in real-world practice and their studies [53, 55, 56].
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For FP disease, there are a lot of the studies which are reporting the results in a
common theme of a significantly better patency and freedom from CD-TLR when
comparing DCB to POBA [24]. Therefore, the conclusion of DCB in FP arterial
occlusive disease confirm the safety and effectiveness of in both simple and complex
FP lesions [25, 53-55]. On the other hand, the IP arterial occlusive disease which
are significant restenosis and progression of disease after POBA are still lack of the
high evidence base and long-term data to conclude the result of DCB in IP disease.
Currently, DCBs are ongoing evaluation for the treatment of IP target arterial lesions.
Because of the downstream risk of embolization due to the increased paclitaxel dose
and crystalline conferred by the early generation of DCB, the early study result of
DCB in the IP patients who undergo ET is a trend toward higher 1-year major amputa-
tion rate as compared with POBA [57]. However, the next generation stage of DCB
demonstrated the favorable result of freedom from CD-TLR and major amputations
at 12 months. Thus, the long-term outcome data are needed to investigate in DCB of
CLTI patients with IP arterial occlusive disease before implementation with the trend
to early benefit in treatment of IP arterial occlusive disease by DCB [58, 59].

If flow-limiting dissection or recoil are present after POBA, the scaffolds are
necessary to maintain the luminal diameter and prevent thrombosis by the closure of
the dissection area [50, 51, 53]. Over recent years, the self-expanding nitinol stents
has achieved the treatment of recoil, flow-limiting dissection. In addition, there are
a lot of publications reported the significantly improved clinical results after nitinol
stenting for the long arterial occlusive disease. However, the very long lesions are
higher risk of ISR after bare metal stenting. Drug-eluting technology including DES
has also limit ISR and increase freedom from clinical driven target lesion revascular-
ization (CD-TLR) [51].

Drug delivering technology of the stents, namely, DES has demonstrated an
aggressively inhibition the neointimal hyperplasia and improve patency rates. Initial
clinical practice, paclitaxel, sirolimus, and everolimus have been attached to balloon-
expandable stents (BES) for coronary arteries stenting in patients who undergo PCI
which has a high technical success rate and reduction in restenosis rate [37, 53, 59].
Currently, DES loaded with chemotherapeutic agents such as paclitaxel, sirolimus,
and everolimus usually using polymers. However, the chemotherapeutic agents which
are inhibit the intimal response cause delay stent thrombosis as high as 4% after 1 year
[37]. The stent thrombosis mechanism is the exposed raw surface of the stent to the
blood circulation due to a minimal incorporation and a lack of endothelialization of
the DES into the arterial wall. The latest generation of DES demonstrated the better
patency freedom from CD-TLR when compare with bare metal stent in both FP and IP
occlusive diseases [24, 26, 37, 60-62].

The FP disease which indicates for the stent deployment due to flow-limiting
dissection or recoil, the first generation of DES, including sirolimus and everolimus
coated self-expanding stent (SES) does not demonstrate the benefit for long-term
patency and restenosis between DES and bare metal stents [63]. The next genera-
tion of DES which is a polymer-free paclitaxel coated SES demonstrates a sustained
2-year benefit for decreased target lesion revascularization and improve patency with
2% of stent thrombosis and less than 2% of stent fracture in FP occlusive disease. A
polymer-free DESs release 95% of the antiproliferative within the first 24 hours. For
long-term follow up, the relative risk reduction of 5-year reintervention or restenosis
are greater than 40% in DES when compare with POBA and bare metal stent in FP
occlusive disease [64-66]. The latest generation of DES in FP disease are elute the
paclitaxel using a fluoropolymer coating which release 40% of the paclitaxel within
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the first 30 days and continue to release a drug over time with an estimated 90%
eluted at 12 months. So, the sustaining of paclitaxel levels in the arterial wall of the
fluoropolymer coating DES are longer periods than the previous version polymer-free
DES [26, 37, 53, 67, 68]. The latest ongoing clinical trial demonstrate the better initial
1-year outcome of the primary patency of latest DES when compare with bare metal
stent [60]. In addition, the ongoing trial demonstrate the comparable result of the
all-cause death and target-limb major amputation between the DES and bare metal
stent at 12 months [60].

For IP disease, the POBA with bailout stenting is still the standard treatment
for revascularization. Because of the similarity in size between the coronary and
IP arteries, the IP arterial occlusive disease which needs to be stenting due to the
significant dissection or recoil are treated by the coronary stent. The off-label use of
fluoropolymer with everolimus eluting BES which use in the coronary artery system
are reported in RCTs and the real-world practice studies [61, 62]. The DES in focal
IP disease significantly inhibit vascular restenosis and improve primary patency,
decrease reintervention, and improve wound healing in patients with CLTI [61]. In
addition, DES of IP disease may decrease risk of CD-TLR, restenosis rate and, ampu-
tation rate without any impact on mortality [62].

Heavy calcifications of the vessel wall which are usually present in CLTI patients
with DM, advance age and chronic kidney disease remain the risk of early restenosis,
thrombosis, and high CD-TLR [51]. The mechanism of the poor patency of target
arterial lesion in calcification of the vessel wall includes (1) The mechanical effect
of the vessel wall calcification act as the barrier to optimal dilatation of POBA and
stenting. The calcific arterial lesions are increased risk of flow limiting dissection,
recoil, and other angiographic complications [51, 53]. In addition, an inadequate ves-
sel preparation due to retain plaque burden lesion and calcified lesion are still limiting
the maximal luminal gain, stent apposition and stent expansion which effect to the
long-term patency and increased risk of ISR in both bare metal stent and DES. (2)
The pharmacological effect, the drug absorption of drug delivering device including
DCB and DES are decrease in high calcific lesions [53, 54]. So, the plaque modifying
device such as focal pressure balloon, cutting balloon, scoring balloon, serranator
balloon, and lithoplasty device are developed for achieving of the vessel preparation
in plaque burden and calcified arterial lesion. For heavy and circumferential severe
atherosclerotic plaque and calcification, there are several atherectomy devices on the
market currently which can debulking the calcification to increase the drug uptake
to the vessel wall by the DCB and DES [53, 55, 69, 70]. The atherectomy include
directional atherectomy, rotational atherectomy, orbital atherectomy, and laser
atherectomy. The best choice for plaque modifying device and atherectomy are still
debate and beyond the scope of this article. The result of DCB combined techniques
with the atherectomy trend toward better outcomes in severely calcified long segment
lesions and chronic total occlusion (CTO). However, the recent randomized control
trial (RCT) and real-world practice study result are a debate in the risk of dissection
and bailout stenting result with limited 1-year patency benefit in the combination of
DCB with atherectomy as compared to DCB alone [69, 70].

For the ISR lesion, the characteristic of the restenosis lesion is different from the
de novo arterial lesion. The “sandwich” structure including (1) a cell-dense neointi-
mal hyperplasia within the stent struts which has ingrain and elastic consistency and
(2) a cell-poor layer with a fibrous matrix which is embedded in the intimal layer at
the outer margin of the stent struts results in a rubbery consistency of the lesions
which poor response to POBA. Therefore, the significant recurrent stenosis of the ISR
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lesions usually presents after POBA without any specialty device [51, 53]. The DCB
appears to be a significant benefit to treating ISR as opposed to POBA [21, 56, 71].
The combination of DCB with atherectomy devices is offered to increase the patency
in patients with ISR. However, the results of these combinations for ISR have a little
benefit when compare with DCB alone [53, 72].

4.2 Pharmacologic effect and pathophysiology of drug-delivering technology
related to MACE

The healing response of vascular endothelium after POBA and stent placement
which induce vascular endothelial injury is the activation of a local inflammatory
response and the proliferation of smooth muscle cells (SMC) as well as migration
of SMC into the neointima leading to significant restenosis [73, 74]. Paclitaxel and
sirolimus coating devices directly inhibit the proliferation and migration of SMC
which cause neointimal hyperplasia inhibition [31].

The paclitaxel is a diterpenoid antineoplastic agent which inhibits the cell pro-
liferation. The oncologist used the paclitaxel as the chemotherapy to treat cancers,
including gastric, ovarian, endometrial, breast, non-small cell lung cancer, and
other cancers. The antiproliferative effect of paclitaxel can prevent the restenosis
of the LEAD by the inhibition of the intimal hyperplasia [31, 75]. In normal human
body physiology, microtubules are maintained cell shape and intracellular transport
function, signaling, protein secretion, and motility function. The antimicrotubule
effect of paclitaxel causes the formation of stable dysfunctional microtubules by
binding to intracellular tubulin and interfering with spindle formation. The mitotic
cell division is inhibited by the prevention of tubulin depolymerization through the
irreversible of paclitaxel-tubulin binding. The prevention of tubulin depolymeriza-
tion led to a microtubular dynamics disruption and cell death. The inhibition of
cytokine response, migration, and secretion of matrix metalloproteinases (MMP) are
the main mechanism to prevent the intimal hyperplasia after ET [31]. Consequently,
the SMC proliferation and migration are inhibited which prevent neointimal hyper-
plasia of the vessel wall [31, 73, 74]. After DCB treatment, the paclitaxel particles are
localized in fibroblast and SMC layers to inhibit the neointimal hyperplasia [73, 74].
Following DCB inflation in post-vessel preparation artery, the tissue absorption of the
paclitaxel is occurring. Because of the low solubility and solid state of the paclitaxel
is lower than tissue metabolic clearance rate, the paclitaxel accumulated in the target
arterial lesion and cause durable effect on intimal hyperplasia [30, 55]. Overall, the
pharmacokinetics of paclitaxel which is multiphasic and non-linear cause long lasting
tissue accumulation of paclitaxel. The prevention of intimal hyperplasia is effective in
long-term period with unknown long-term biological side effects [76, 77].

The pathophysiology and mechanism of the cardiac side effect of paclitaxel is not
well established. The current studies concluded that the paclitaxel is one of cardio-
toxicity chemotherapeutic agents. Some studies report the severe reduction in EF and
cardiac arrhythmia [77, 78]. Theoretically, paclitaxel-induced cardiotoxicity can be
occurred by the two main mechanisms: (1) direct effect of the myocardial damage
which reduce in EF and precipitate HF through a subcellular organelle disturbance,
(2) indirect effect of the releasing of histamine and QT interval prolongation which
disturbed the cardiac electrical conduction led to cardiac arrhythmia such as atrial
fibrillation (AF) and bradycardia (Figure 7). There are a lot of literatures report
the cardiac side effects which is the most serious adverse effects of chemotherapy in
malignancy patients. The early cardiac side effect of paclitaxel in chemotherapeutic
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Pathophysiology of paclitaxel-induced cardiotoxicity related to mortality visk. DCB, drug coated balloon; drug
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dose can occur in first month including ACS, myocardial dysfunction, reversible
cardiac arrhythmias, ventricular repolarization abnormality, QT interval prolonga-
tion on electrocardiogram, and pericardial reaction. Long-term cardiac adverse events
include cardiac dysfunction, which lead to HF and other MACE [77, 78]. However,
most malignancy patients who have a paclitaxel-induced cardiotoxicity usually to

be asymptomatic or mild severity. Under carefully monitoring of cardiac function,
the safely use of paclitaxel as a chemotherapy in malignancy patients with cardiac
co-morbidities including the UA, HF, and AF have been reported [76].

For the paclitaxel in ET, the dosage of paclitaxel in drug delivering technology
including DCB and DES is less than 1% of chemotherapy in malignancy patients. Only
asymptomatic bradycardia is seen in CLTI patients who perform ET with paclitaxel
agent use [31, 55]. The other early cardiotoxicity of paclitaxel is unlikely to be from
the direct effect of myocardial damage [77, 78]. However, the sustained retention of
the drug in the vessel wall due to the crystalline form with a paclitaxel spacer may cre-
ate the ongoing distal embolization of the paclitaxel in the systemic circulation which
may relate to the increasing risk of MACE and MALE including the increasing of
amputation rate [25, 27, 30]. In addition, the anti-neoplastic effect of paclitaxel causes
the toxicity to the immune system (Figure 7). The human body immune system is
inhibited by the paclitaxel which increased risk of non-cardiac deaths including
systemic infection, pulmonary and gastrointestinal system failure.

The potential complications due to local toxicity of the paclitaxel which report in
the literatures include aneurysmal degeneration, vascular fibrinoid necrosis, small
vessel inflammation, and downstream muscle necrosis. The inhibition of intimal
hyperplasia after balloon angioplasty causes the post-angioplasty injured artery
dilatation and aneurysmal formation in long-term period. The paclitaxel particles
which insoluble cause downstream embolization led to ischemia and repetitive
inflammation of the small vessel. The primary hypothesis of downstream paclitaxel
particulate showers is concordant to the higher amputation rate and MALE of the
DCB when compare with POBA in CLTI patients with IP arterial occlusive disease
[25, 27, 30, 62]. However, there are some studies report no significant adverse effects
related to distal paclitaxel crystalline embolization. The early result of recent study
demonstrated the promising safety and efficacy of paclitaxel coated balloon in CLTI
patients with IP arterial occlusive disease [58, 62]. Thus, large well RCT and real-
world registry are needed to investigate the long-term safety and efficacy of DCB for
treatment of PAD.
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For the DES, the total dose of the paclitaxel is lower than DCB. The release kinetic
of DCB via the transfer and action (releasing) phase of paclitaxel after balloon
angioplasty are use the concept “the greater injury, the greater penetration of the
drug” in injured vessel after balloon angioplasty. The large amount of paclitaxel
on DCB which delivery to the vessel wall has a high rate of distal embolization. On
the other hand, the release kinetic of DES is a polymer controlled sustained release
process. Thus, the downstream paclitaxel showers are not occurred when the DES is
used in CLTI patients with IP arterial occlusive disease. Previous studies report the
non-significant distal embolization in coronary polymer coated paclitaxel eluting
stents of IP arteries. Therefore, the DES is significant reducing of CD-TLR, MALE
and major amputations in 5-year and 10-year period when compare with POBA and
DCB. The DCB has no obvious advantage in the treatment of IP arterial occlusive
disease [23, 57, 62].

Because of the pathophysiology of cardiotoxicity associated with paclitaxel used
to not be well understood, the pathophysiology of the MACE related to drug deliver-
ing technology is not well determined [33, 77, 78]. However, previous study report
high-risk features which associated with paclitaxel-induced cardiotoxicity including
age >60 years, DM, hypertension, Eastern Cooperative Oncology Group (ECOG)
Performance Status (PS) scale 2, and chest radiotherapy [76, 77]. The patients with
CLTT usually have multiple co-morbidities including DM, hypertension, old age and
poor ECOG PS scale [3, 35, 39]. Thus, closed monitoring of cardiac function after
paclitaxel treatment is still required in CLTI patients who have high-risk features.
Therefore, long-term result of paclitaxel related MACE and MALE needs to be more
investigated [3, 22].

Because of the hypothesis of the paclitaxel delivering device related MACE in
CLTI patients and some evidence of the paclitaxel related MALE through the par-
ticulate embolization induced slow flow or no-flow phenomenon especially in CLTI
patients with the IP arterial occlusive disease [25, 27, 30, 62]. The sirolimus coated
balloons to prevent the intimal hyperplasia are investigated. The sirolimus, also
known as rapamycin, is a macrocyclic lactone antibiotic which produced by bacteria
Streptomyces hygroscopicus. The sirolimus is isolated from the Easter Island soil which
use as an antifungal medication especially in Candidiasis. The potent anti-neoplastic
effect through the inhibition of the mammalian target of rapamycin (mTOR) of the
sirolimus is investigated. Currently, the sirolimus is an immunosuppressive agent for
prevention of organ transplant rejections and antineoplastic agent for treatment of
lymphangioleiomyomatosis, and perivascular epithelioid cell tumors. The pathophys-
iology of the inhibition of neointimal hyperplasia has been less well studied. There are
a lot of recent publications suggested excellent 6-month primary patency and encour-
aging 12-month freedom from CD-TLR, amputation-free survival rate, and limb
salvage rates without early safety concerns [79]. In addition, particulate embolization
due to downstream showers of drug particle and less found in the sirolimus coated
balloon when compare with paclitaxel coated balloons. Comparing with paclitaxel
coated balloon, the slow flow or no-flow phenomenon induced CD-TLR and MALE
are less present in sirolimus coated balloon in patients with CLTI patients [80] . Thus,
the sirolimus coated balloon may have a benefit to prevent restenosis of the target
artery without significant MACE and MALE in ET in CLTT patients who candidate
for revascularization. The further large randomized and real-world registry study in
both short-term and long-term safety and efficacy is required to establish the result of
sirolimus coated balloon in CLTT patients [81].
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5. Summary and update of the best evidence of drug-delivering
technology related to MACE in PAD

The drug delivering device have been extensively investigated to inhibit arte-
rial restenosis and ISR to improve clinical outcomes, patency, CD-TLR, amputation
free survival rate after revascularization by ET. Because the positive results of drug
delivering technology from several industry-sponsored studies which demonstrated
the improvement in the primary patency and reduction of CD-TLR in CLTI patients
FP arterial occlusive disease, the DCB and DES are widely used for ET in CLTI
patients who indicate for revascularization [25, 58, 60, 65, 68]. Both FP and IP arterial
occlusive disease are investigated the limb, morbidity and mortality outcome includ-
ing MALE and MACE [3, 23-25, 27, 30, 31, 33, 54, 56, 57, 59, 61, 62, 74, 75]. Concerns
about a long-term mortality in PAD patients who use the paclitaxel delivering device
are first reported by a meta-analysis in 2018 that described the increasing of mortality
rate in comparison to POBA or bare metal stent beginning at 2 years after ET [33]. In
addition, the concerning of paclitaxel related MALE including major amputation rate
and CD-TLR is raised after recent studies report the higher amputation rate in the
paclitaxel coated balloon when compare with POBA under the particulate emboliza-
tion hypothesis [27, 30, 61].

However, there are a lot of recent publication between 2020 and 2022 report the
comparable result of MACE, mortality and amputation between paclitaxel delivering
devices and non-drug device [82-86]. The 5-year follow-up of RCT for the safety and
effectiveness of IP arterial occlusive disease report comparable risk of amputation
and all-cause mortality rate between paclitaxel coated balloon and POBA in patients
with CLTI [25, 85]. The independent patient-level meta-analysis revealed the safety
of paclitaxel coated balloon without the relationship between level of paclitaxel
exposure and mortality [84]. The recent study report no dose-response relationship
between paclitaxel and mortality in drug delivering device [83]. In addition, the ET
with drug delivering technology in patients with claudication are safety and effective-
ness without increasing of mortality rate or MACE [86].

For the paclitaxel eluting stent, no difference in mortality between a DES and
bare metal stent. Currently, ongoing study of polymer-coated DES had demonstrated
the 1-year safety and efficacy with better patency when compare with bare metal
stent [60]. As the United States Food and Drug Administration (FDA) and others
have recommended follow patients to 5 years to collect safety and efficacy data, the
result of long-term safety of DES is not completely concluded. The systematic review
and meta-analysis report no significant difference in 12-month all-cause mortality
between DES and DCB. Primary patency and freedom from CD-TLR are also compa-
rable between the two groups [23].

For the local complications of drug delivering device, there are only few reports
about aneurysmal degeneration, vascular fibrinoid necrosis, small vessel inflamma-
tion, and downstream skeletal muscle necrosis after paclitaxel agent device in ET. The
risk of local complication for drug delivering technology in CLTI patients are not well
identified. The further study is required to concluded about the local complication of
DCB and DES in PAD [28-30, 78].

The limitation of meta-analysis and RCTs about the DCB and DES include: (1)
most RCTs did not report the mortality rate, MACE or major amputations as the
primary outcome or main outcome. So, the imprecision due to inadequate power of
study can occurred and indued the error of the study result, (2) The heterogeneity of
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patient’s characteristic and demographic data such as ratio of CLTI and claudicants,
(3) The different of the paclitaxel dose, paclitaxel crystallinity, balloon platforms and
coating of agent technology. Low dose balloons may demonstrate the better outcome
in safety with same efficacy due to the small number of events and lack of adequate
statistical power to detect a true effect, (4) Lack of actual cause of death and the clini-
cal indications to major amputation, (5) The chronology bias due to the long period to
published of all RCTs. The improvements in MACE and co-morbidities management
and the different in the design of newer paclitaxel coated balloon platforms over time,
(6) Some RCT report the mortality outcome and analyzed under subgroup analysis
and post-hoc analysis. The patient level time to event data should be extracted and
analyzed with a one stage model to increase power and precision and there was also
consistent size and direction of the summary effect in the various subgroups and
sensitivity tests.

Due to the controversy result of the paclitaxel coated balloon related MACE and
limitation of the previous studies, the additional patient-level, adequately powered
meta-analyses with larger RCT data sets will be needed to confirm the correlation
between paclitaxel and MACE. For the new drug coating balloon to avoid the possible
adverse event and paclitaxel related MACE, sirolimus is promising the safety and
efficacy of short-term period. However, to conclude the outcome of sirolimus coated
device, the large RCT with long-term follow up is necessary.

6. Conclusion

Cardiovascular disease is the life-threatening condition with high morbidity and
mortality rate. The PAD is the vascular disease which has a strong relationship with
the MACE. The revascularization is usually indicated in CLTT patients who have a
high risk of perioperative MACE. The revascularization procedure in patients with
CLTI to salvage a functional limb with aggressive best medical treatment can reduce
MACE during the revascularization. Because of the physiologic changes and the auto-
regulation process after revascularization procedure by decreasing of the peripheral
vascular resistance are the burden to the cardiovascular system. The cardiac reserve
and response after lower limb revascularization, the anatomic distribution and sever-
ity of lower limb arterial occlusive disease as well as the type of revascularization are
the important predictive factors of perioperative MACE.

The minimally invasive fashion of revascularization by endovascular-first strategy
can reduce perioperative MACE by decreasing risk of anesthesia and operative risk.
The drug-delivering technology including DCB, and DES can improve the long-term
patency of ET in CLTI patients. However, the paclitaxel effect on the MACE and
MALE are still debatable. The decision making of physicians under the individual
patients-based approach and determine the strategies to offer the drug delivering
technology in CLTI patients who undergo ET is a key to success in both short-term
and long-term safety and efficacy of revascularization in PAD.
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