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Abstract

Aim: Managing peripheral arterial disease (PAD) with endovascular interventions
remains complex, as evidence guiding optimal post-procedural care is limited.
Clinicians often rely on extrapolated data from coronary and cerebrovascular
studies, leading to heterogeneous practices. The main challenge is balancing
thrombotic prevention with bleeding risk, with various strategies being employed
without conclusive evidence of superiority. Surveillance approaches aimed at
prolonging intervention durability lack robust data regarding their impact on health
resource utilization and cardiovascular outcomes. There is an urgent need for high-
quality randomized controlled trials (RCTs) comparing different antithrombotic
regimens before, during, and after procedures to establish clear, evidence-based
guidelines. The goal is to optimize long-term patency, reduce adverse events, and
improve limb salvage rates, ultimately enhancing patient survival and quality of life.
This systematic review aims to synthesize the best available RCT evidence to
inform clinical decision-making and guide future research directions in PAD
management.

Methods: A systematic review of the medical literature was conducted, utilizing
PubMed, SCOPUS, and CENTRAL databases, following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020
guidelines. The results were initially filtered automatically and then manually for
duplicates. After a manual selection of studies that included both systematic
reviews and RCTs, 6 studies remained.

Results: Recent clinical investigations highlight evolving strategies for
managing peripheral artery disease (PAD). Bonaca et al. demonstrated that in
post-revascularization patients, rivaroxaban combined with aspirin significantly
reduced cardiovascular events over three years, with a manageable increase
in bleeding risk based on ISTH criteria. Strobl et al. found that six months of
dual therapy with aspirin and clopidogrel effectively decreased restenosis rates;
however, benefits waned after discontinuation, suggesting potential
advantages of extended therapy in high-risk individuals. Moll et al. reported that
edoxaban is safe post- EVT, with fewer restenosis or reocclusion events
compared to clopidogrel, although differences were not statistically significant.
Ambler et al’s comprehensive review underscored that while antiplatelet
monotherapy can reduce non-fatal strokes and cardiovascular deaths in
symptomatic patients, it offers limited benefit in asymptomatic cases and carries
bleeding risks. Katsanos et al. revealed that among various agents, Clopidogrel
monotherapy balances efficacy and safety best, while dual therapy with aspirin
and Clopidogrel can reduce major amputations but increases bleeding hazards.
Lastly, Megaly et al. showed that cilostazol improves vessel patency and limb
preservation after EVT, with benefits unaffected by concomitant

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 04:29:52 EEST - 216.73.216.250



anticoagulation. Collectively, these studies inform the application of
antithrombotic therapies in PAD, emphasizing individualized risk-benefit
assessments for optimal outcomes.

Conclusion: A solid conclusion is impossible to be made only with the results
of this systematic review, so the current guidelines will be presented as a lot
more low-level studies are included there, further analyses as well as expert’s
consensus.
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MepiAnyn

216x06: H diaxeipion TG TEPIPEPIKAG apTnpIakng vooou (PAD) pe
EVOOQYYEIOKEG ETTEUPACEIS TTAPAUEVEI TTOAUTTAOKN, KABWG TA OTOIXEIA TTOU
KaBodnyouv Tnv BEATIOTN METEYXEIPNTIKN @pPovTida cival treplopiouéva. Ol
KAIVIKOi ouxva Baciovral oe Oedopéva TTOU €C¢AyOVTal ATTO MPEAETEG yIa
oTEQAVIAIa KAl EYKEPAAIKA ayyeEida, JE ATTOTEAEOHUA N TTPAKTIKA va TTOIKIAAEL. H
KUpia TTPOKANCN €yKeEITal OTNV  I00PPOTTIa  avApeca otV TTPOANWn
OpouPwoewyv Kal OTOV KivOuvo aigoppayiag, Me dIAPOPESG OTPATNYIKEG va
eQapuolovTal Xwpic oaer atrodeigelg avwTepoTnTaG. OI TTapakoAouBnoEIg TTOU
QTTOOKOTTOUV OTNnV TIOPATAON TNG AVTIOXNG TwV ETTEPPACEWY OTEPOUVTAI
agIOTTIOTWY OEQOUEVWV OXETIKA UE TNV ETTIOPACT TOUG OTN XPON TTOPWV UYEIQG
Kal OTa KOPOIaYYEIAKA atToTEAEOUATA. YTTAPXEl ETTEIYyOUCA AvAyKn YIa UWYNARG
TTOIOTNTAG TUXAIOTTOINUEVEG EAeyXOpeveG peAETeG (RCTs) TTou Ba ouykpivouv
OIAPOPETIKA QVTIOPOPPWTIKA OXNAUATA TIPIV, KATA TN OIAPKEIA KAl PETA TIG
ETTEPPATEIG, WOTE VA DIAPNOPPWOOUV CAPEIG KAI TEKUNPIWHPEVES KATEUBUVTHPIEG
YPOUMEG. 2TOXOG eival n BeATiwon NG pakpotpdBeoung diatipnong Tng
BatdTNTAG TWV AYYEIWY, N HEIWON TWV ETTITTAOKWY KAl N aug¢non TwvV TTO0C00TWV
dIaTPNONG TWV AKPpwY, BEATILUVOVTOG TEAIKA TNV ETIRiWoN Kal TV TToI0TNTA
(wNAg Twv aoBevwyv. H TTapoUca CUCTNPATIKY AvAOKOTINON ETTIOIWKEl va
ouvowyioel Ta KaAutepa dlaBéaipa oToixeia atrd 1iIg RCTs yia v kaBodriynon
TNG KAIVIKAG TTPOKTIKAG Kal TIG MEAANOVTIKEG €PEUVNTIKEG KATEUBUVOEIG OTN
dlaxeipion tng PAD.

MéBodog: E@appootnke  OuOTNUATIK  AvAOKOTTNON  TNG  IATPIKAG
BiBAIoypagiag, xpnoipoTrolwvTag Tig Baoelg dedopévwy PubMed, SCOPUS kai
CENTRAL, oupowva pe 1Ig 0dnyieg PRISMA 2020 yia tnv Avagopd
MpoTINWPEVWY 2TOIXEIWV O 2UOTNPATIKEG AVAOKOTTAOEIG Kal MeTa-avaAUoEIG.
Ta atmoteAéopaTa  aApXIKA  QIATPAPIOTNKAV AUTOMOTA KOl OTh  CUVEXEIQ
XElpokivnta yia dImmAoTuUTTa. MeTd atmd autd, TTPAyPaToTTOINONKE XEIpOKivnTn
ETTMIAOYI MEAETWV TTOU TTEPIEIXAV TOOO CUCTNMPATIKEG AVOOKOTINOEIG OCO KOl
TUXQIOTTOINUEVEG EAEYXOUEVEG HEAETEG (RCTS), ye atTOoTEAEOUA VO TTAPAUEIVOUV
6 pEAETEG.

ATtroteAéopara: [1poo@arteg KAIVIKEG €PEUVEG TOVICOUV TIG €EEAICOOMEVEG
OTPATNYIKES yia Tn dlaxeipion TNG TTEPIPEPIKAG apTnplakns vooou (MAN). O
Bonaca et al. amédeige Om1 O0TOUG QOBEVEIC PETA ATTO ETTAVAINATWON, N
pIBapOEAUTTAvn O0¢ OUVOUAOMNO ME  AOTTIpiv MPEIWOE onUavTIKA Ta
Kapdiayyelokd cuppauara o€ Tpia xpovia, PE Pia dlaxelpioiun augnon oTov
Kiviuvo aipgoppayiag Baoel Twv kpitnpiwv ISTH. O Strobl et al. diatriotTwaoe 6T
€€l unRveg OIMTARG Oepatreiag pe aoTrpivn Kal  KAOTTIOOYPEAN  PEIWOAV
QTTOTEAEOUATIKA TA TTOOOOTA ETTAVEUPAVIONG OTEVWOEWYV, AV KOl TO OQEAN
MEIWONKaAV HETA TN OIAKOTTH, UTTOOEIKVUOVTAG TTIBAVA TTAEOVEKTAUATA TNG
TTOpPATETAPEVNG BepaTTeiag o€ atopa uwnAou kivouvou. O Moll et al. avépepe OTI
n €dogautravn ival ac@aiig YETA TIG evOAYYEIQKES eTTEURAOTEIG, NE AIyOTEPQ
OUPBAPOTA ETTAVEPPAVIONG OTEVWOEWV I ETTAVACTEVWONG O€ OUYKPION JE TNV
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KAOTTIOOYPEAN, av KAl ol OlapopEég Oev ATAV OTATIOTIKA OnuavTikéG. H
avaokotrnon tou Ambler Tovioe OTI n PovoBepatreia Pe AVTIAIMOTTETOANIAKA
MTTOPEl va pEIWOoEl TIG OXI Bavatn@opeg eYKEQPAAIKEG 1 KOAPDIAYYEIAKES
OPOUPWOEIG OTOUG CUPTITWHATIKOUG A0BEVEIG, AANG €XEI TTEPIOPIOUEVA OPEAN
O€ QOUUTITWHATIKOUG Kal €VEXEl KIVOUVOUG aigoppayiag. O Katsanos et al.
ATmOKAAUWE OTI n povoBepatreia Pe KAOTIOOYPEAN dlaTnpEl TNV KAAUTEPN
ICOPPOTTIA OTTOTEAECUATIKOTNTAG KAl AC0QAAEIag, evw n OITTAR BepaTtreia pe
aoTTIPiVN Kal KAOTTIOOYPEAN UTTOPEI VA PEIWOEI TOUG HEYAAOUG AKPWTNPIOCUOUG
oM@ augavel Tov Kivouvo aigoppayiag. TéAog, o Megaly et al €d€i&e OTI n
oIAooTAaCOAN BEATILVEI TN DIOTAPNON TWV AYYEIWV Kal TN dIATRPNON TWV AKPWV
META TIG EVOQYYEIAKEG ETTEUPRATEIG, XWPIG VA ETTNPEACETAI ATTO TNV TAUTOXPOVN
QvTITINKTIKA  aywyr]. Madi, autég ol PeAETEG KaBodnyouv Tnv e@apuoyn
avTIBpopBwTIkwy Bepatreiwv otn MNMAN, TovifovTag TNV avaykn EEOTONIKEUNEVNG
agloAOynong KivOUVOU-0QEAOUG YIa BEATIOTA ATTOTEAEOUATA.

Zuptrépacpa: ‘Eva otabepd oupmépacpa  eivar aduvatov va  eCaxBei
QTTOKAEIOTIKA ATTO TA ATTOTEAECPOTA QUTAG TNG CUCTNPATIKAG avaoKoTTnong,
ETTOMEVWG OI TPEXOUOEG KATEUBUVTAPIEG YPAUMEG Ba TTAPOUCIOOTOUV KABWG
OUMTTEPIAAPPBAVOUV TTOAAEG OKOPO XAMNAOU ETTITTEOOU MEAETEG, TTEPAITEPW
QAVOAUOEIG KAl CUPQWVIEG EIDIKWV.
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Peripheral Artery Disease (PAD) of lower limbs

Peripheral artery disease (PAD) is a prevalent condition that significantly
impacts the vascular health of the aging population, with estimates suggesting
it affects up to 30% of individuals over 70 and a considerable portion of middle-
aged adults with cardiovascular risk factors such as smoking and diabetes. The
disease manifests on a spectrum, from asymptomatic cases to severe
ischemia, and is associated with heightened risks of major cardiovascular and
limb events. Moreover, PAD's coexistence with coronary artery disease (CAD)
underscores its systemic nature, elevating the risk for myocardial infarction,
stroke, and mortality. Despite its clinical importance, PAD remains
underdiagnosed and undertreated, partly due to the limited evidence base
guiding specific therapeutic strategies.

Symptomatically, PAD often presents as intermittent claudication—muscular
pain precipitated by walking, which subsides with rest—and, in advanced
stages, progresses to critical limb ischemia (CLI). The latter is characterized by
rest pain, non-healing ulcers, or tissue necrosis—indications of severe
ischemia that threaten limb viability. The disease severity is classified using
well-established systems such as the Fontaine and Rutherford scales, which
delineate stages from asymptomatic to tissue loss, providing guidance for
treatment planning ", 2.

Revascularization remains a cornerstone in managing significant PAD,
especially in symptomatic individuals and those with CLI. Percutaneous
transluminal angioplasty (PTA), developed in the 1960s and refined through
decades, is now a mainstay minimally invasive procedure for restoring blood
flow. It involves dilating stenotic or occluded arteries, primarily via balloon
catheters introduced through the femoral artery, with adjunctive techniques
such as thrombolysis or thromboembolectomy employed for embolic or acute-
on-chronic occlusions. Advances in device technology—such as nitinol and
drug-eluting stents—have considerably improved long-term patency, especially
at the femoropopliteal level, although restenosis due to intimal hyperplasia
remains a pertinent challenge 3, 4, °.

The pathophysiology of revascularization emphasizes the vascular response to
injury: rupture of plaques prompts platelet activation and aggregation, fostering
thrombus formation and potential early reocclusion. Additionally, denudation of
the endothelium and vessel wall manipulation stimulate smooth muscle
proliferation—leading to intimal hyperplasia—and contribute to restenosis and
late reocclusion. Post-procedural hypercoagulability, evidenced by elevated
plasma biomarkers such as D-Dimer and thrombin-antithrombin complexes,
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further complicates outcomes, necessitating careful antithrombotic
management. ©

Clinical strategies to prevent re-occlusion and reduce cardiovascular risk are
guided by current guidelines, which strongly endorse antiplatelet
monotherapy—typically aspirin or clopidogrel—for stabilized PAD patients,
aligning with evidence levels that support secondary prevention. However, the
role of dual antiplatelet therapy (DAPT), especially after endovascular
procedures, remains less definitive, with current recommendations ranging
from cautious support to outright discouragement depending on the guideline.
The evidence supporting DAPT in the post-revascularization setting is limited,
and its application must be individualized, considering both bleeding risk and
ischemic potential.

In patients with CLI, prompt revascularization—via endovascular or surgical
approaches—is vital for limb preservation. Endovascular techniques, including
PTA and stenting, have expanded therapeutic options, offering less invasive
alternatives with shorter recovery periods. Nevertheless, despite technical
advancements, restenosis rates remain substantial, driven by neointimal
hyperplasia and ongoing vessel wall injury’. To optimize long-term results,
adjunctive pharmacological strategies—such as antithrombotic and
antiproliferative therapies—are under active investigation, although definitive
evidence guiding their use specifically in CLI patients post-intervention is still
evolving 2.

The management of PAD, especially in complex presentations like CLI,
requires a multifaceted approach—combining meticulous risk factor
modification, appropriate revascularization, and tailored pharmacotherapy. As
ongoing research continues to elucidate the nuances of antithrombotic
treatment, clinicians must balance the benefits of ischemia prevention against
bleeding risks while striving to improve limb salvage rates and reduce systemic
cardiovascular events. Future studies aimed at stratifying patients based on risk
profiles, as well as evaluating newer device technologies and adjunctive
systemic therapies, are essential to refine treatment paradigms and enhance
outcomes in this high-risk population.
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Antithrombotic drugs

Antiplatelet agents

Acetylsalicylic acid

Aspirin remains a cornerstone in managing peripheral arterial disease (PAD),
chiefly due to its antithrombotic properties, which lower cardiovascular event
risk. Its application spans primary and secondary prevention, with dosing
optimized over years to maximize efficacy and reduce gastrointestinal and
bleeding side effects. ° Standard adult doses range from 75 mg to 325 mg,
commonly 81 mg in the US and 300 mg in the UK. Evidence indicates that
75—-81 mg daily suffices for effective platelet inhibition, especially in lighter
patients under 70 kg; heavier individuals may need slightly higher doses.

Clinical data consistently support routine aspirin use in PAD, especially
surrounding vascular interventions. Initiating therapy before procedures
provides benefits that extend into the postoperative period. Studies from the
early 1990s examining post-angioplasty doses universally concluded that
increasing aspirin beyond 100 mg daily does not significantly improve vessel
patency or reduce restenosis. For example, a trial comparing 1000 mg and
100 mg daily over two years showed similar patency rates (~62.5%) and no
substantial difference in outcomes, with low-dose therapy offering better
tolerability. Patients on 100 mg experienced fewer gastrointestinal side
effects, leading to better adherence °.

Aspirin’s mechanism involves irreversible inhibition of COX-1, which
decreases thromboxane A2 synthesis and inhibits platelet aggregation. Higher
doses might offer additional anti-inflammatory benefits but do not improve
vascular outcomes; instead, they increase bleeding risks. Consequently, low-
dose aspirin is favoured. Combining aspirin with dipyridamole recently failed
to show short-term improvements, supporting the view that higher doses or
combination therapy do not confer added benefit.

In summary, low-dose aspirin (~100 mg daily) provides an optimal balance of
effectiveness and safety, especially after revascularization procedures. It
remains a fundamental element of secondary prevention for PAD, maintaining
vessel patency while minimizing adverse effects that could hinder adherence
and overall treatment success.

Acetylsalicylic acid as monotherapy for secondary
prevention of MACE

Aspirin's efficacy as a single agent in preventing major adverse cardiovascular
events (MACE) among patients with established vascular disease has been
extensively studied through large reviews and clinical trials. The
Antithrombotic Trialists’ Collaboration reported approximately an 18% relative
risk reduction with aspirin, equating to about a 1% absolute annual benefit
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compared to placebo. However, this meta-analysis encompassed diverse
vascular conditions and did not focus solely on peripheral artery disease
(PAD), limiting direct applicability to this subgroup.

More specific analyses, such as Berger et al., examined over 3,000 patients
with confirmed PAD and observed a trend toward reduced MACE with aspirin,
yet the results lacked statistical significance (RR: 0.75; Cl: 0.48-1.18). This
was largely due to the low event rate within the population, highlighting the
challenge of demonstrating clear secondary prevention benefits in PAD"".

Additional randomized trials offer further insights. The AAA trial, involving
3,350 patients with abnormal ankle-brachial indices (ABI), found no significant
difference in mortality, MI, stroke, or revascularization between aspirin and
placebo after more than eight years. Notably, about 15% of the placebo group
reported self-initiated aspirin use, potentially confounding outcomes. *?

The CLIPS study, which included patients with claudication and ABI <0.85,
showed that aspirin combined with antioxidants significantly reduced fatal and
nonfatal vascular events (HR: 0.42). Despite promising results, the limited
number of participants restricts the strength of these findings, though they
suggest potential benefits in PAD populations™?.

Conversely, the POPADAD trial, involving diabetic patients with asymptomatic
PAD (ABI =0.99), found no significant reduction in MI, stroke, or amputations
over nearly a decade. The addition of antioxidants also failed to show
benefits. Thus, in this context, aspirin’s protective role remains uncertain *4.

In summary, evidence for aspirin monotherapy in secondary prevention of
MACE in PAD is heterogeneous and limited. While some studies suggest
benefits in particular subgroups, definitive large-scale trials are lacking.
Prescription rates for aspirin in PAD patients without coronary or
cerebrovascular disease are often below 36%. Ongoing research and
individual risk assessments are necessary to refine its role, and current
guidelines advocate tailored, case-by-case decision-making.

P2Y12 Inhibitors

A comprehensive approach to managing platelet aggregation in patients with
vascular disease, including peripheral arterial disease (PAD), involves various
pharmacologic agents targeting multiple pathways of platelet activation.
Central to these are inhibitors of the P2Y12 receptor, a critical nucleotide
receptor on platelets. Adenosine diphosphate (ADP) activates platelets
through binding to purinergic receptors, mainly P2Y1 and P2Y 12, which drive
platelet aggregation. Blocking these receptors effectively reduces platelet
responsiveness and thrombotic risk.

P2Y12 inhibitors are categorized into two main classes. The first includes
thienopyridines—clopidogrel, prasugrel, and ticlopidine—though the latter has
been largely phased out due to hematologic side effects such as neutropenia.
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These drugs are prodrugs requiring hepatic CYP450 enzyme activation to
become active. They irreversibly inhibit P2Y12, ensuring prolonged platelet
inhibition. Clopidogrel, widely prescribed in PAD, depends heavily on
CYP2C19 for activation, but about 30% of patients possess genetic variants
resulting in decreased enzyme activity and responsiveness. Concomitant use
of proton pump inhibitors may interfere with clopidogrel activation, although
definitive links to adverse outcomes are lacking.

Prasugrel offers advantages over clopidogrel by undergoing a single-step
activation, enabling faster onset and more consistent inhibition. It has
demonstrated superior efficacy in reducing thrombotic events in coronary
artery disease, although its specific benefits in PAD are not well established.

The second family includes non-thienopyridine agents such as ticagrelor and
cangrelor. Ticagrelor is a reversible P2Y12 antagonist that does not require
hepatic activation, making it less susceptible to genetic variation and offering
rapid, potent platelet inhibition unaffected by CYP450 variability’®>. Conversely,
cangrelor is administered intravenously, has a very short half-life, and is
primarily used in acute settings, rendering it unsuitable for long-term
prevention.

Although large trials have validated these agents for preventing major adverse
cardiovascular events (MACE)—including myocardial infarction, stroke, and
death—such evidence in PAD remains scarce despite the considerable
ischemic risk. Therapies should be tailored considering individual patient
profiles, including genetic factors, potential drug interactions, and adverse
effects, to optimize long-term vascular protection.

Phosphodiesterase Inhibitors

Cilostazol is a key phosphodiesterase (PDE) inhibitor used in managing
peripheral arterial disease (PAD). As a PDES inhibitor, it rapidly absorbs,
reaching peak plasma levels in approximately 2.5 hours, and improves
exercise capacity and quality of life in patients with claudication. It also
enhances vessel patency after endovascular therapy, reducing restenosis and
limb amputation risks. Evidence supports its role as an adjunct in treating
femoropopliteal lesions, including in-stent restenosis, mainly through
vasodilation that inhibits neointimal hyperplasia and improves endothelial
function. Meta-analyses confirm that cilostazol significantly enhances vessel
patency and diminishes adverse outcomes, with a safety profile marked by
minor side effects such as headache, tachycardia, and diarrhoea. '®

Despite these benefits, the broader use of cilostazol is constrained by safety
concerns associated with PDES inhibitors, notably milrinone, which has been
linked to increased mortality in congestive heart failure (CHF). Consequently,
the FDA has issued warnings about its use in CHF, although current evidence
suggests cilostazol does not carry similar risks. Its safety in patients on newer
oral anticoagulants (NOACs) remains unestablished, as dedicated studies are
lacking.
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Cilostazol is not employed after coronary stenting generally because drug-
eluting stents (DES) offer superior antiproliferative effects. Nevertheless, its
application in peripheral lesions remains valuable, especially for longer
lesions with a higher likelihood of occlusion, and subgroup analyses have
shown favourable outcomes when combined with DES and second-
generation nitinol stents. Additional research is needed to explore its benefits
with newer-generation devices, which already demonstrate improved patency
and reduced restenosis.

In conclusion, cilostazol is a beneficial adjunct for limb preservation, symptom
alleviation, and vessel patency in PAD. Its use should be tailored based on
individual risk factors, and more studies are required to optimize its
incorporation into advanced endovascular strategies.

Other Antiplatelet agents.

Glycoprotein llb/llla receptor antagonists, such as abciximab, tirofiban, and
eptifibatide, are potent antiplatelet agents that inhibit fibrinogen and von
Willebrand factor binding on platelets, which is crucial in thrombus formation.
Administered intravenously, they have proven benefits in reducing mortality and
myocardial infarction (MIl) in acute coronary syndrome (ACS) patients,
especially during percutaneous coronary interventions (PCIl). However, their
application in peripheral arterial disease (PAD) is limited due to scarce
supporting evidence. Most clinical data originate from coronary artery disease
(CAD) contexts involving high-risk ACS patients, where GPIlIb/llla inhibitors
decrease thrombotic complications during PCI. In patients with ACS not
undergoing revascularization, the benefit-risk profile remains uncertain, mainly
because of the increased bleeding risk associated with these agents' potent
effects. As a result, their role outside acute coronary interventions, particularly
in PAD, is limited and not well defined.

Vorapaxar binds to protease-activated receptor-1 (PAR-1), inhibiting
thrombin-mediated platelet activation. However, its clinical utility remains
limited outside specific contexts due to safety concerns™.

Anticoagulant agents

Unfractionated heparin

Unfractionated heparin (UFH) has long been a fundamental anticoagulant,
especially valued for its rapid action in procedures requiring immediate
anticoagulation. It functions mainly by activating endogenous antithrombin,
which inhibits key coagulation factors such as Xlla, Xla, IXa, Xa, and thrombin
'8, Typically administered as an intravenous bolus (around 100-150 units per
kilogram) followed by continuous infusion, UFH’s anticoagulant effect is
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monitored via activated partial thromboplastin time (aPTT), though this test has
limitations due to potential interference. In intraoperative settings, activated
clotting time (ACT) provides a more direct assessment. Despite its widespread
use, UFH’s variability in effect and challenges in reversal with protamine have
led to its gradual replacement by low-molecular-weight heparins (LMWH) and
fondaparinux in many practices. However, UFH remains essential in specific
contexts, such as emergency revascularizations for acute limb ischemia, where
its rapid onset and short half-life (about one hour) allow for precise control. It is
also utilized intraoperatively in certain surgeries, like abdominal aortic
aneurysm repair, especially when quick reversal is necessary. Although newer
agents are favoured for their predictable pharmacokinetics and ease of
management, UFH remains vital in acute, complex, and emergent
anticoagulation scenarios.

Low molecular weight heparins

Low-molecular-weight heparins (LMWHSs), obtained from unfractionated
heparin (UFH) through controlled depolymerization, consist of polysaccharide
chains averaging around 5 kD. Their primary pharmacodynamic advantage is
their selective inhibition of factor Xa over thrombin, due to fewer chains
containing the pentasaccharide sequence necessary for high affinity
antithrombin binding. This sequence induces a conformational change that
enhances anti-Xa activity, whereas inactivation of thrombin requires longer
chains (~18 saccharide units), which most LMWH chains lack. As a result,
LMWHSs possess a higher anti-Xa to anti-1la activity ratio, with agents like
dalteparin, enoxaparin, nadroparin, tinzaparin, and reviparin differing in
molecular weight and activity ratios.

Although UFH has traditionally been preferred for extracorporeal membrane
oxygenation (ECMO) because of its rapid effect and adjustable dosing,
emerging evidence indicates LMWHs may reduce thromboembolic risks while
maintaining a similar bleeding profile. Nonetheless, more research is needed
to confirm their utility in ECMO. Additionally, LMWHSs are widely
recommended by the American Society of Clinical Oncology (ASCO) for
thromboprophylaxis across various high-risk groups, including hospitalized
patients, cancer surgeries, and ambulatory individuals receiving systemic
therapies *°.

Pentasaccharides

Pentasaccharides, such as fondaparinux, are synthetic molecules derived
from the five-saccharide effector site of heparin, designed to selectively inhibit
factor Xa without affecting thrombin (factor lla). Fondaparinux binds reversibly
to antithrombin’s activation site, enhancing its ability to block factor Xa. It has
high bioavailability and predictable pharmacokinetics after subcutaneous
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administration, eliminating the need for routine monitoring. Its half-life of 15—
20 hours support once-daily dosing, whereas agents like idraparinux, with
longer half-lives of about five days, allow weekly injections.

Clinically, fondaparinux has proven effective in preventing venous
thromboembolism (VTE), especially after orthopaedic surgeries, often
outperforming low-molecular-weight heparins like enoxaparin, with reductions
in VTE rates around 50%. The bleeding risk associated with fondaparinux is
increased but remains comparable to enoxaparin, with serious bleeding being
rare. Its efficacy extends to treating venous thrombosis and pulmonary
embolism, where it performs as well as heparin-based therapies, with similar
recurrent thrombosis and bleeding rates °.

In acute coronary syndrome (ACS), fondaparinux shows comparable efficacy
to unfractionated heparin, with some studies indicating lower revascularization
rates. Dose-finding studies suggest it can be administered safely across
various doses without significant differences in ischemic or bleeding
outcomes. The main concern with long acting pentasaccharides is the lack of
a specific antidote; although recombinant factor Vlla can reverse their effects,
its clinical utility in severe bleeding management remains to be fully
established.

Danaparoid

Danaparoid, a low molecular weight heparinoid composed of heparan,
dermatan, and chondroitin sulfates, offers significant antithrombotic effects. Its
high antifactor Xa to antifactor lla activity ratio, coupled with a low bleeding
risk and minimal impact on fibrinolysis, makes it a favourable agent. Notably,
it has a low cross-reactivity rate (~10%) with heparin-induced antibodies,
suited for patients with immune-mediated heparin-induced thrombocytopenia
(HIT) 2

Clinical data from extensive international studies show high success rates,
particularly in resolving thrombocytopenia, and better thrombus outcomes
compared to other anticoagulants like dextran. Its safety profile is
characterized by infrequent major bleeding and mortality rates below 15%.
Although laboratory testing for cross-reactivity is advised, clinical reactions
are rare.

Overall, danaparoid is effective and well-tolerated for HIT management,
especially in patients where minimizing bleeding risk and immune reactions
are priorities, representing a valuable alternative for anticoagulation.

Vitamin K antagonists
Vitamin K antagonists (VKAs), mainly warfarin, are established anticoagulants
that inhibit gamma-glutamyl carboxylase, essential for activating clotting

factors Il, VII, IX, and X. This suppression reduces the synthesis of functional
coagulation proteins, providing anticoagulation. Their effects are delayed by
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several days, necessitating overlap with fast-acting agents like heparin during
initiation.

Warfarin is rapidly absorbed and primarily metabolized in the liver through
CYP2C9, affecting its half-life of 36—42 hours and extensive plasma protein
binding, especially to albumin. Individual responses vary due to genetic
factors influencing CYP2C9 activity and VKORC1 sensitivity, as well as drug-
food interactions, making frequent INR monitoring essential.

Dietary vitamin K, mainly from green vegetables, can impair warfarin’s
efficacy, while drugs like amiodarone inhibit CYP2C9, increasing bleeding
risk. Conversely, agents such as rifampin, carbamazepine, and chronic
alcohol intake accelerate metabolism, reducing its effect. Many other
medications, including antibiotics and anti-inflammatories, can alter warfarin’s
efficacy or bleeding risk .

VKAs are crucial in preventing stroke in atrial fibrillation, for thromboembolism
in arterial and venous thromboses, and in patients with mechanical heart
valves, with INR targets varying by condition. In antiphospholipid syndrome,
warfarin with higher INR ranges remains standard. Due to its narrow
therapeutic window and susceptibility to genetic and environmental
influences, warfarin management requires careful oversight and regular
laboratory testing to ensure safety and effectiveness.

Direct thrombin inhibitors

Existing anticoagulants have evolved with the development of direct thrombin
inhibitors (DTls), which bind directly to thrombin, inhibiting its role in
converting fibrinogen to fibrin and activating platelets. Unlike heparins, DTls
do not depend on cofactors like antithrombin and can inhibit both free and
fibrin-bound thrombin, resulting in more consistent effects and fewer
interactions.

Currently, four injectable DTIs—lepirudin, desirudin, bivalirudin, and
argatroban—are approved in North America for indications such as venous
thromboembolism (VTE), heparin-induced thrombocytopenia (HIT), and acute
coronary syndromes, especially during procedures like PCI. These agents
differ in their pharmacokinetics; some require continuous infusion, while
others have short half-lives for rapid modulation .

Dabigatran etexilate stands out as a leading oral anticoagulant, converted into
its active form in vivo. It offers a predictable, rapid alternative to warfarin, with
fixed dosing, minimal food interactions, and a broad therapeutic window.
Despite its benefits, it carries a bleeding risk, and no specific antidote is
available yet. Supportive measures, including drug discontinuation, surgical
intervention, or administration of agents like recombinant factor Vlla, are used
in overdose or severe bleeding .

Dabigatran was recently approved for stroke prevention in atrial fibrillation,
marking a major advance in anticoagulant therapy. As ongoing research
continues, these new agents are expected to enhance thromboembolic
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disorder management with predictable effects and fewer adverse outcomes
than traditional options.

Factor Xa inhibitors

Factor Xa inhibitors, such as rivaroxaban, apixaban, betrixaban, and
edoxaban, are oral agents that reversibly target the active site of factor Xa,
effectively inhibiting thrombin production from both intrinsic and extrinsic
pathways. Because they act proximally in the coagulation cascade, they often
require lower doses and tend to have fewer off-target effects, as factor Xa's
roles outside coagulation are minimal.

These drugs have predictable linear pharmacokinetics, with rapid absorption
and peak plasma concentrations reached within about three hours.
Rivaroxaban, at doses of 15-20 mg, is highly bioavailable but must be taken
with food to optimize absorption; apixaban and edoxaban can be taken with or
without food, with edoxaban's low protein binding allowing potential dialysis.

All are cleared through renal and hepatic pathways, with half-lives between 5
and 13 hours—rivaroxaban being partly excreted unchanged in urine, but its
use is contraindicated in severe renal impairment (CrCl <30 mL/min).
Apixaban is mainly eliminated via the liver and biliary tract, suitable for dialysis
patients, while edoxaban is primarily excreted unchanged by the kidneys.
Betrixaban, approved for VTE prophylaxis in hospitalized patients, has a half-
life of about 37 hours, allowing once-daily dosing, and is mainly eliminated
through P-glycoprotein pathways, making it suitable for patients with renal
issues.

All agents interact with the cytochrome P450 system and P-glycoprotein,
raising concerns for drug interactions. Reversal agents like andexanet alfa for
apixaban and rivaroxaban improve safety, though cost may limit their
widespread use #. Overall, these drugs are effective and safe alternatives for
atrial fibrillation, VTE, and thrombotic conditions, offering convenience over
warfarin, especially with the benefit of targeted activity and predictable effects
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Bleeding risk evaluation

Numerous bleeding risk prediction tools exist for evaluating individual
susceptibility to hemorrhagic events; however, none have achieved
widespread validation or integration into clinical practice. The subset of
patients at greatest risk of bleeding within this context comprises those with
symptomatic lower extremity arterial disease (LEAD), particularly those
undergoing interventional procedures.

In the process of drafting a guideline, a collaborative effort led to the
development of a novel bleeding risk score, which was internally validated
using data from a cohort of 81,930 hospitalized patients treated for LEAD
across a spectrum of antithrombotic therapies, including both antiplatelet and
anticoagulant agents. This cohort was drawn from a comprehensive German
health insurance registry . The resulting score incorporates eight
independent predictive variables, facilitating stratification of patients into four
categories: low risk, low-to-moderate, moderate-to-high, and high risk. Such
stratification could inform antithrombotic therapy decisions, especially when
multiple options appear clinically appropriate. It must be emphasized that this
model has not yet undergone external validation, and no other risk
stratification tools for this specific patient population have been formally
validated to date.

More robust validation exists for risk scores used in the context of coronary
interventions, such as the Academic Research Consortium High Bleeding
Risk (ARC-HBR) ?¢ and PRECISE-DAPT 2° scores. Nonetheless, these tools
lack validation within the PAD population targeted by this guideline.

Therefore, although an assessment of bleeding risk is advisable for all LEAD
patients considered for antithrombotic treatment, a definitive, validated scoring
system cannot yet be recommended. An evaluation of bleeding risk, however,
can be valuable for identifying potentially modifiable factors, such as anemia
or thrombocytopenia, or reducing the use of agents like non-steroidal anti-
inflammatory drugs (NSAIDs). Although current evidence does not definitively
demonstrate that correcting these factors decreases future bleeding risk in
patients with vascular disease, such considerations remain prudent.

One intervention with evidence supporting its efficacy in reducing bleeding
risk among patients on antithrombotics involves the concomitant use of proton
pump inhibitors (PPIs), such as pantoprazole. Recent meta-analyses
encompassing over 200,000 patients on dual antiplatelet therapy (DAPT)
post-percutaneous coronary intervention (PCl) demonstrated that PPl use
significantly diminishes gastrointestinal hemorrhage risk (RR 0.32; 95% CI
0.20 to 0.52) without affecting all-cause mortality (RR 1.35; 95% CI 0.56 to
3.23) *°. The largest contributing trial within a meta-analysis was the
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COMPASS study, which randomized patients to pantoprazole 40 mg
alongside DAPT. While this regimen did decrease gastroduodenal bleeding
(HR 0.52; 95% CI 0.28 to 0.94, p=0.030), the absolute benefit was modest,
with a high number needed to treat (NNt=982) *'. Notably, many high-risk
patients in the same study were already receiving PPIs prior to randomization,
limiting the generalization of this strategy to all patient populations 2.

Utilization of risk scores may assist clinicians in guiding PPI prophylaxis,
especially for those with a history of upper gastrointestinal lesions, which is a
key predictor of future bleeding events. Additional modifiable risk factors
include cessation of NSAIDs, providing detailed patient counseling regarding
bleeding risks, and establishing clear protocols for managing bleeding
complications. Balancing anticoagulant management—such as withholding,
bridging, or adjusting therapy prior to invasive procedures—is also critical.

Several bleeding risk assessment tools have been proposed for
anticoagulation in venous thromboembolism (VTE), including the American
College of Chest Physicians (ACCP) risk score 33, VTE BLEED score **, and
REITE score *. Although the ACCP score is frequently cited, it lacks
comprehensive validation. Furthermore, evidence suggests that patients with
venous indications for anticoagulation typically face a lower risk of major
bleeding than those with arterial disease.

RIETE Score for Risk of Hemorrhage in VTE BLEED Score
Pulmonary EMb0|Ism Treatment ses risk of bleeding while on anticoagulation
he risk of major bleeding during anticoagulant the
When to Use v Pearls/Pitfalls v Why Use v
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Perioperative antithrombotic management

The perioperative management of antithrombotic therapy involves patients
undergoing surgical or invasive procedures who are concurrently receiving
anticoagulant agents, such as vitamin K antagonists (VKAs), direct oral
anticoagulants (DOACs), or antiplatelet medications. This clinical scenario is of
considerable significance due to the widespread utilization of these
pharmacologic agents in the prevention and treatment of various
thromboembolic conditions. These include atrial fibrillation, venous
thromboembolism (VTE), prosthetic heart valves, coronary artery disease, and
peripheral arterial disease. The prevalence of this issue is expected to rise
concomitantly with demographic trends, particularly in aging populations where
the need for antithrombotic therapy is prevalent and the likelihood of requiring
surgical intervention is increased.

Epidemiological data suggest that approximately 15% to 20% of individuals on
anticoagulation therapy annually require a surgical or invasive procedure 3¢, %7,
38, Furthermore, within the subset of patients with coronary stents, 10% to 15%
necessitate surgical intervention within two years following stent implantation
3 4% The management of these patients requires careful balancing of
thromboembolic risk against bleeding potential, emphasizing the importance of
individualized perioperative strategies to optimize outcomes.

Patients under VKA

The decision regarding the timing of vitamin K antagonist (VKA) discontinuation
prior to surgical or invasive procedures aims to achieve a near-normal or
normalization of the International Normalized Ratio (INR) at the time of the
intervention. This timing is primarily determined by the pharmacokinetics of
VKAs, specifically their elimination half-life, which generally ranges from 36 to
42 hours for warfarin, 8 to 11 hours for acenocoumarol, and approximately 96
to 104 hours for phenprocoumon in patients without significant comorbidities
such as hepatic impairment, genetic polymorphisms affecting metabolism, or
interactions with concomitant medications *'.

For patients whose goal is to normalize the INR following warfarin interruption,
a typical period of about five days before the procedure is necessary to reduce
anticoagulant effects to a near-zero level. In certain populations, such as elderly
individuals or patients with genetic variants that impair warfarin metabolism, or
when preoperative INR exceeds 3.5, extending the interruption to six or more
days may be warranted. Postoperative resumption of VKA therapy results in a
delayed onset of the full anticoagulant effect, with INR levels exceeding 2.0
typically achieved between four to eight days after restarting the medication.
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Routine INR monitoring immediately prior to surgery (the day before) or in the
first one to two days after the procedure generally is not necessary under
standard circumstances. However, specific clinical scenarios—such as a
preoperative INR greater than 3.5, known delayed warfarin clearance, or
unexpected postoperative bleeding following VKA reinitiation—may warrant
targeted laboratory assessment to guide management 2.

In the context of perioperative VKA interruption, heparin bridging has
traditionally been employed to reduce the period during which patients are not
achieving therapeutic anticoagulation, with the primary aim of decreasing the
risk of perioperative arterial thromboembolism (ATE) and recurrent VTE.
Nonetheless, this strategy's effectiveness is subject to debate, given the myriad
factors contributing to perioperative thromboembolism, including the nature of
the surgical procedure itself. Furthermore, the capacity of heparin bridging to
influence the complex pathophysiological mechanisms underlying
thromboembolic events remains limited.

Minimal-bleed-risk

Low-to-moderate-bleed-risk
High loac sk

| Day of Surgery/Procedure |

Legend

*Warfarin can be resumed on the evening of procedure (DO) for most patients, or the day after procedure (i.e., D1) at the

patient’s usual maintenance dose.

**Bridging suggested for high thrombotic risk populations with full-dose, subcutaneous LMWH (e.g., enoxaparin, 1 mg/kg bid or
1.5 mg/kg daily or dalteparin, 100 IU/kg bid or 200 IU/kg daily), with the last dose given the AM of the day prior to the procedure
(i.e., D-1) at half the total daily dose.

tTLow-dose LMWH (e.g., enoxaparin, 40 mg daily or dalteparin 5,000 IU daily) can be used for VTE prophylaxis for first 24-72 hours
post-procedure, with full dose LMWH resumed 2-3 days post-procedure.

Figure 1 - Perioperative management of vitamin K antagonists (warfarin). LMWH = low-molecular-weight heparin.
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Patients under Heparin and LMWH

The perioperative approach to patients undergoing heparin bridging therapy
relies on a thorough understanding of the pharmacological characteristics of
the anticoagulant agents involved, specifically low molecular weight heparin
(LMWH) and unfractionated heparin (UFH). LMWH exhibits an elimination half-
life of approximately 3 to 5 hours, which guides the timing for discontinuation
prior to surgery. Its peak anticoagulant activity occurs within 3 to 4 hours after
administration, informing the recommended timing for postoperative initiation of
therapy. Conversely, UFH has a dose-dependent elimination half-life averaging
around 90 minutes; however, this can range from 30 to 120 minutes depending
on the level of anticoagulation at the time of interruption, as measured by
activated partial thromboplastin time (aPTT) or anti-factor Xa levels 2.

Currently, there is a lack of study data specifically evaluating the optimal timing
for withholding LMWH before surgical procedures and how this impacts
bleeding risk or other clinical outcomes. Observational studies assessing
LMWH bridging have suggested that bleeding rates are not significantly
increased when the last dose is administered approximately 12 hours prior to
surgery or roughly 24 hours before the procedure. Further, analyses using
surrogate markers of bleeding, such as anti-factor Xa activity, indicate that over
90% of patients who received their final LMWH dose approximately 12 hours
before surgery still demonstrated detectable anticoagulant effects at the time of
surgery. Notably, about 34% of these patients had anticoagulant levels
consistent with therapeutic activity, as indicated by anti-factor Xa levels equal
to or exceeding 0.50 1U/mL 4.

Patients under DOACs

The cessation of direct oral anticoagulants (DOACs) prior to elective surgical or
invasive procedures can be guided by a pharmacokinetic-based approach, like
strategies employed with other anticoagulants. In this approach, the
recommended interruption period corresponds to four to five elimination half-
lives of the specific DOAC. Given that the half-life of DOACs typically range
from 9 to 14 hours, withholding the medication for approximately two full days
(which equates to roughly 60 to 68 hours from the last dose) generally ensures
that minimal or no residual anticoagulant activity remains at the time of surgery.
This interval aims to reduce bleeding risk, particularly in procedures with high
hemorrhagic potential *°.

For procedures associated with moderate or low bleeding risk, a shorter
withholding period—around 30 to 36 hours, or approximately three half-lives—
may be sufficient, resulting in a residual anticoagulant effect that is considered
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clinically acceptable for lower-risk interventions. It is important that, in all cases,
patients refrain from taking any DOAC on the day of the surgery or procedure.

Several considerations influence this pharmacokinetic interruption strategy. In
patients treated with dabigatran who have impaired renal function, specifically,
a creatinine clearance (CrCl) below 50 mL/min a longer discontinuation period
of three to four days is prudent. This adjustment accounts for the decreased
renal clearance of dabigatran, which is primarily eliminated through the kidneys,
with approximately 75% to 80% of the drug excreted via this route.

Moreover, some patients may require an even more extended period of DOAC
discontinuation prior to surgery, regardless of the specific agent used. This
includes patients with severely impaired renal function (CrCl less than 30
mL/min), hepatic dysfunction, or those taking medications that inhibit CYP3A4
or P-glycoprotein pathways, as these medications can interfere with the
metabolism and clearance of DOACs.

An alternative approach involves measuring plasma levels of DOACs before
surgical procedures, especially in urgent situations where intervention is
needed within 24 hours, such as in cases of hip fracture repair. However,
routine coagulation tests like the INR or activated partial thromboplastin time
(aPTT) are often insufficiently sensitive to reliably detect residual DOAC
activity. In such cases, specialized assays—such as anti-factor Xa activity
calibrated for apixaban, edoxaban, and rivaroxaban, or dilute thrombin time and
ecarin clotting time for dabigatran—may be employed. Although these tests can
provide specific information regarding anticoagulant presence, their routine
clinical utility remains under investigation, and they may not be widely available

or standardized 4, 42,

Perioperative management on NOACs
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Direct Oral | Procedure Pre-Procedure DOAC Interruption Post-Procedure Resumption*
Anticoagulant Bleeding
Risk Day -6 | Day -5 | Day -4 | Day -3 | Day -2 | Day -1 Day +1 | Day +2 | Day +3| Day +4
High » S .
Apbaban  ygeryre > g } >
Dabigatran High » 2 [
(CrCl 2 50 3 E 5
mi/min) Low/Mod b H >
Dabigat High > & | e —
Low/Mod > ? >
High > g [ N
Low/Mod > ® I N—
i | High '
SRS SR Low/Mod !

[] No DOAG administered that day

*DOAC can be resumed ~24

hours after low/moderate-bleed-risk procedures, and 48-72 hours after high-bleed-risk

procedures. In selected patients at high risk for VTE, low-dose anticoagulants (i.e., enoxaparin, 40 mg daily or
dalteparin, 5,000 IU daily) can be given for the first 48-72 hours post-procedure.

Figure 2 — Perioperative management of direct oral anticoagulants (DOACs). Cr(l = creatinine clearance.

Perioperative management of NOACs

Dabigatran Apixaban - Edoxaban - Rivaroxaban

No important bleeding risk and/or adequate local haemostasis possible:
perform at trough level (i.e. 12 h or 24 h after last intake)

CrCl 280 ml/min

CrCl 50-79 ml/min

CrCl 30-49 ml/min

CrCl 15-29 ml/min

Low risk High risk Low risk High risk
224h
224h
Not indicated Not indicated

CrCl <15 ml/min

No official indication for use

No bridging with LMWH/UFH

Resume full dose of NOAC > 24 h post low bleeding risk interventions and

48 (-72) h post high-bleeding risk interventions

Patients undergoing a planned intervention should receive a written note indicating the anticipated date and time of their intervention
and the date and time of the last intake of their NOAC (and any other medication)
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26

Institutional Repository - Library & Information Centre - University of Thessaly

05/09/2026 04:29:52 EEST - 216.73.216.250



Patients under antiplatelets

An understanding of the fundamental pharmacologic properties of antiplatelet
agents is essential for guiding the timing of their interruption and reinitiation
around surgical procedures. When discontinuing aspirin (ASA) and P2Y12
inhibitors such as clopidogrel and prasugrel, it is important to consider that
these drugs irreversibly inhibit platelet function. Consequently, a withdrawal
period of approximately seven to ten days—corresponding to the lifespan of
platelets—is necessary to restore normal platelet activity. In contrast, ticagrelor,
which reversibly inhibits platelet function, typically requires a shorter
interruption period of at least two to three days to allow for the recovery of
platelet function.

Postoperative reintroduction of antiplatelet therapy results in a rapid onset of
maximal effect: within minutes after aspirin ingestion, within two hours following
ticagrelor, and approximately four to five days after resuming clopidogrel at a
maintenance dose of 75 mg. If a loading dose of clopidogrel is administered,
the full antiplatelet effect may be achieved within two to six hours. Additional,
less commonly used reversible platelet inhibitors include cilostazol,
dipyridamole, and pentoxifylline, which have half-lives ranging from two to ten
hours. Vorapaxar, which exerts a prolonged antiplatelet effect, can sustain
activity for three to fifteen days after administration. Nonsteroidal anti-
inflammatory drugs (NSAIDs) exhibit reversible antiplatelet properties as well,
with half-lives varying from two to six hours for agents like ibuprofen,
ketoprofen, and indomethacin; around 7 to 15 hours for celecoxib, naproxen,
and diflunisal; and approximately 20 hours for meloxicam, nabumetone, and
piroxicam.

Limited clinical data exist regarding the optimal duration of aspirin interruption
prior to surgery. A small trial involving eighty patients compared four to five days
versus ten days of preoperative aspirin withdrawal, yet it was underpowered
due to low event rates for cardiovascular and bleeding outcomes. The
Prevention of Thromboembolism after Hip Fracture Surgery (PEP) trial, with
over 17,000 participants undergoing hip or knee surgeries, demonstrated a
reduction in venous thromboembolism (VTE) risk with perioperative aspirin
without significantly increasing myocardial ischemia or stroke risk, albeit with a
modest increase in major bleeding.** Another study involving 220 high-risk
patients, initiated seven days before surgery and continued for thirty days,
showed a significant reduction in major cardiovascular events with aspirin but
was insufficiently powered to detect differences in bleeding.

The POISE-2 trial, a large randomized controlled trial examining aspirin
management in over 10,000 patients undergoing major non-cardiac surgery,
found that initiating or continuing aspirin perioperatively did not significantly
reduce the incidence of non-fatal myocardial infarction or death but did raise
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the risk of major bleeding. These findings were complicated by the concomitant
use of nonsteroidal anti-inflammatory drugs in a substantial proportion of
participants, which could have mitigated the cardioprotective effects of aspirin
and contributed to increased bleeding. Smaller, underpowered studies
comparing perioperative aspirin interruption with continuation or single
preoperative doses have generally reported no significant differences in
thromboembolic or bleeding events. *°

Currently, there are no prospective studies evaluating perioperative
management strategies for P2Y12 inhibitors such as clopidogrel, prasugrel, or
ticagrelor in non-cardiac surgical settings. Retrospective analyses suggest that
ongoing perioperative use of clopidogrel may elevate bleeding risk; however,
definitive conclusions regarding optimal timing and safety remain elusive

| 7 P2Y, inibitors™

9 8 7 6 5 -4 B =2 -1 -1-6h 0 +4-6h Day +1

A
| Day of Surgery/Procedure |
Legend:

*Based on surgery/procedure bleed risk assessment.

“*Routine use not suggested. If used, initiate within 72 hours from P2Y,, inhibitor discontinuation at dose of 0.75 mg/kg/min;
resume within 6 hours post-procedure for minimum of 48 hours and maximum of 7 days total. Very low quality data for
antiplatelet bridging with glycoprotein lib/llla inhibitors (e.g., eptifibatide, tirofiban).

***P2Y,, inhibitors can be resumed within 24 hours post-procedure at a maintenance dose.

tFor ticagrelor, 3-5 day interruption

T1For clopidogrel, 5 day interruption

§For prasugrel, 7-10 day interruption.

Figure 3 - Perioperative management of antiplatelet drugs. ASA = aspirin.
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Intraoperative antithrombotic management

UFH remains the most widely employed anticoagulant for preventing arterial
thromboembolic complications (ATEC) in vascular interventions involving major
vessel manipulation, particularly during endovascular and open procedures.
Despite its widespread use, there is notable variability in dosing strategies, with
many practitioners administering a standard bolus of 5,000 |U regardless of
individual patient characteristics or procedural specifics—a practice driven largely
by convention rather than evidence-based guidelines.

The anticoagulant effect of UFH is multifactorial and unpredictable at the
individual level, owing to its non-linear dose-response relationship and variable
pharmacokinetics. Heparin’s heterogeneity stems from differences in molecular
size, activity, and batch-to-batch variability, which complicates standardization
and undermines its predictability. Consequently, monitoring its effect through
laboratory parameters such as the activated clotting time (ACT) becomes vital,
although routine ACT measurement during NCAP is infrequent compared with
cardiac procedures, where it is standard practice.

Current guidelines lack definitive, evidence-based recommendations for optimal
heparin dosing or target ACT levels in NCAP. While some protocols suggest
maintaining an ACT between 200 and 250 seconds, the evidence supporting
these thresholds is sparse, with most data extrapolated from cardiac
interventions or observational studies. For example, carotid interventions employ
target ACT values ranging from 200 to 300 seconds, depending on the
procedure, yet consensus remains elusive. Furthermore, clinical outcomes
appear to correlate with achieving certain ACT thresholds; however, definitive
randomized trials establishing the optimal ACT range for minimizing ATEC
without increasing bleeding risk are lacking. “¢

Several observational studies and registry data suggest that maintaining an ACT
below 250 seconds may reduce bleeding complications without compromising
thromboembolic protection, whereas higher ACT values (>350 seconds) are
associated with increased haemorrhagic events. Nevertheless, the heterogeneity
in practice persists, often with practitioners administering fixed doses of UFH
without routine monitoring, thereby risking under- or over-anticoagulation 4.

Multicentre prospective trials, such as the MANCO study, have investigated
tailored heparin strategies to address these issues. The MANCO trial evaluated
three approaches: no additional heparin, fixed-dose heparin aimed at a target
ACT of 250 seconds, and weight-based dosing of heparin (100 1U/kg) with
subsequent adjustments based on real-time ACT measurements. The results
demonstrated that ACT-guided protocols are feasible and safe, with the ability to
tailor anticoagulation more precisely, potentially reducing the need for excessive
dosing and minimizing bleeding risk **.

In conclusion, optimal anticoagulation during NCAP remains an unresolved issue.
There is an urgent need for randomized controlled trials to define evidence-based
target ACT ranges and ideal dosing regimens that balance the prevention of
thromboembolic events against bleeding risk. Until such data are available,
individualized heparinization guided by ACT measurements appears to be a
pragmatic approach, promising enhanced safety and efficacy in vascular
interventions.

29

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 04:29:52 EEST - 216.73.216.250



Protocol

A systematic review of the medical literature was conducted, utilizing
PubMed, SCOPUS, and CENTRAL databases, following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020
guidelines. The analysis included RCTs and Systematic Reviews and meta-
analyses published up to January 2025, and focused on antithrombotic
therapy after endovascular procedures in patients with PAD of lower limbs.
Additionally, case reports, case series, and studies involving experimental
diagnostic models or not involving human subjects were deemed ineligible.
Language was not a criterion for exclusion, provided that an English version
of the article was available. Eligible studies underwent a full-text review,
adhering to the predefined inclusion and exclusion criteria.

[ Identification of studies via databases and registers ]

) Records removed before
_5 Records identified from :6477 ScreIDeSpl)’rig:a\tsg(r)ecor ds removed
3 PubMed: 4846 " Automation tools : 1635
= Scopus: 1087 Manually : 446
= Cochrane: 544 :
3
e’/
PR, Additional records identified
/ through reference lists: 20
Records screened : 3876
—  »| Records excluded : 3822
2 I
= ; . Reports not retrieved : 0
§ Reports sought for retrieval : 54 Y
g l Reports excluded : 48
e Not endovascular
) procedures
Full text articles assessed for - > e Indecisive results
eligibility: 54 e  Observational studies
Trends based on
i prescription databases

Studies included in review : 6

Figure 4. PRISMA 2020 flowchart. Screening process based on the PRISMA
2020 Guidelines for systematic reviews and meta-analyses.
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Search strategy

The databases PubMed, SCOPUS, and CENTRAL were systematically
searched based on predefined clinically relevant questions established prior to
commencing the review, following the P.I.C.O. (patient; intervention;
comparison; outcome) model (refer to Supplementary Table S1). A range of
terms including “endovascular repair”, “angioplasty”, “stenting”, peripheral
endovascular intervention”, “PTA”, “percutaneous transluminal angioplasty”,
‘endovascular”, “peripheral artery disease”, “PAD”, “CLTI", “lower limbs”,
“‘extremities”, “antiplatelet therapy”, “SAPT”, “DAPT”, “anticoagulation”,
‘LMWH?”, “heparin®, “VKA”, “antithrombotic”, “vitamin k antagonist”,
“acetylsalicylic acid”, “clopidogrel”, “apixaban”, “rivaroxaban”, were employed
either individually or in combination under the Expanded Medical Subject
Headings (MeSH) filter (see Supplementary Table S1). Duplicate entries were
identified and removed using automation tools (EndNote 20.6). Initial screening
was based on titles and abstracts, with further evaluation conducted through a
full-text review for secondary selection.

P Patient, population or | Patients with PAD (Peripheral Arterial Disease) of lower limbs after

problem endovascular intervention for revascularization.

I Intervention,  prognostic | Antithrombotic drugs (antiplatelets, anticoagulants or combination)

factor or exposure

C Comparison of | Antiplatelet therapy vs Anticoagulation therapy vs combination of

intervention them

(0] Outcome you would like to | The best combination of antithrombotic drugs that leads to best vessel

measure or achieve patency, lower limb amputation, less bleeding events

What type of question are | What is the best antithrombotic medication after endovascular

you asking? procedures for revascularization in patients with PAD

Type of study you want to | RCTs, Systematic reviews, meta-analyses

find

Table 2. P.1.C.O. model

Footnote: P.I.C.O. (patient; intervention; comparison; outcome) model was used to define the clinical

questions and clinically relevant evidence in the literature.
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Data extraction

A Microsoft Excel spreadsheet extraction tool was created for data extraction
purposes. This involved gathering general details such as author, title,

publication year, and journal.

Results

Six studies remained after the selection criteria.

In the first RCT by Bonaca et al. patients with peripheral artery disease who
had revascularization were treated with rivaroxaban plus aspirin or placebo plus
aspirin. Rivaroxaban significantly reduced the risk of major vascular and cardiac
events over three years. Although there was an increase in major bleeding
according to ISTH criteria, TIMI bleeding rates were similar between groups.
Overall, rivaroxaban combined with aspirin lowered the incidence of adverse

cardiovascular outcomes with a manageable safety profile.

The second study by Strobl. et al.: showed that six months of dual therapy with
aspirin and clopidogrel significantly decreased restenosis rates after
intervention. However, this benefit did not persist once clopidogrel was
discontinued; restenosis rates at twelve months were similar between groups.
Mortality rates were low and not significantly different. The findings suggest that
prolonged dual antiplatelet therapy beyond six months may be beneficial for
patients at higher risk of restenosis, though further research is needed to

confirm this.

The third study was by Moll et al. This randomized study evaluated the safety
and potential efficacy of edoxaban, an oral anticoagulant targeting key
components of arterial thrombi, in preventing restenosis after femoropopliteal
endovascular treatment (EVT). Among 203 patients, those receiving aspirin
plus edoxaban (n=101) showed no major or life-threatening bleeding events
according to TIMI and ISTH criteria, whereas the clopidogrel group experienced
some serious bleeding incidents. Over six months, restenosis or reocclusion

occurred less frequently in the edoxaban group (30.9%) compared to the

32

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 04:29:52 EEST - 216.73.216.250



clopidogrel group (34.7%), though this difference was not statistically
significant. Results suggest similar bleeding risks for both regimens, with a
possible advantage for edoxaban in reducing restenosis, warranting further

investigation.

The fourth study by Ambler et al. This comprehensive review and meta-analysis
examined the effectiveness and safety of antiplatelet therapy in peripheral
artery disease (PAD). Analyzing 28 meta-analyses with data from over 72,000
patients, the study found that monotherapy reduced non-fatal strokes and, in
symptomatic patients, decreased cardiovascular deaths but increased major
bleeding risk. In asymptomatic individuals, monotherapy offered limited
benefits. Dual therapy increased bleeding complications and showed uncertain
benefits for vascular patency. Overall, antiplatelet monotherapy provides
minimal clinical advantage, especially in asymptomatic cases, and evidence is
lacking regarding post-procedure management, highlighting the need for further

research.

The fifth study by Katsanos et al This systematic review and network meta-
analysis evaluated different antiplatelet agents for peripheral artery disease
(PAD). Analyzing data from 49 randomized controlled trials involving over
34,000 patients, the study found that drugs like aspirin, Cilostazol, Vorapaxar,
and Picotamide did not significantly reduce major adverse cardiovascular
events (MACE). Conversely, Ticagrelor combined with aspirin, Clopidogrel
alone, Ticlopidine, and Clopidogrel with aspirin significantly lowered MACE
rates. Dual therapy with Clopidogrel and aspirin also reduced major
amputations post-revascularization but increased bleeding risk. Overall,
Clopidogrel monotherapy demonstrated the best balance of efficacy and safety
for PAD patients.

Finally, the sixth study by Megaly et al. This meta-analysis assessed the effects
of cilostazol following endovascular therapy (EVT) for peripheral artery disease
(PAD). Analyzing eight studies with nearly 3,846 patients and a follow-up of
about 12.5 months, results showed that cilostazol significantly improved
primary vessel patency (OR 2.28), reduced target lesion revascularization (OR

0.37), and decreased major amputations (OR 0.15). These benefits persisted
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regardless of anticoagulant use, such as warfarin. The findings suggest
cilostazol enhances vessel durability and limb preservation after EVT for
femoropopliteal and iliac lesions, independently of concomitant anticoagulation

therapy.
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Postoperative management

American Heart Association / American College of Cardiology
(AHA/ACC) 2024 GUIDELINES

Peripheral Arterial Disease (PAD) patients frequently present with a history of
prior revascularization, either via endovascular or surgical intervention, and
evidence suggests they carry a heightened residual risk for cardiovascular
and limb-related adverse events. Despite this, current data do not support the
routine use of more potent antiplatelet agents or dual antiplatelet therapy
outside the context of recent revascularization procedures. Similarly, the
deployment of full-dose oral anticoagulation in patients without other
indications, such as atrial fibrillation, is generally not justified and may
potentially pose harm.

In individuals who have undergone revascularization for PAD,
pharmacological strategies that include antiplatelet and antithrombotic agents
have demonstrated efficacy in reducing recurrent symptoms and incidences of
major adverse limb events (MALE). The decision to initiate or continue such
therapies hinges on multiple factors, including the patient’s comorbidities—
such as coronary artery disease (CAD)—the complexity of the
revascularization procedure, and the overall risk profile for major
cardiovascular and limb ischemic events versus bleeding complications. The
findings from the VOYAGER PAD trial provide further insight; this study
illustrated that the combination of low-dose rivaroxaban with low-dose aspirin
significantly lowered the incidence of ischemic limb events and the composite
primary endpoint in patients without prior stroke or elevated bleeding risk,
thereby endorsing adjunctive use of this therapeutic approach in appropriate
candidates.

The therapeutic paradigm for dual antiplatelet therapy (DAPT) post-
revascularization is primarily extrapolated from data obtained in coronary
intervention studies. In the realm of peripheral revascularization, existing
evidence supporting DAPT is limited and mainly derived from small-scale
trials and meta-analyses, which generally endorse single antiplatelet therapy
as a standard, especially considering the absence of large, placebo-controlled
trials. Notably, certain revascularization devices, such as drug-eluting stents
and drug-coated balloons, have mandated dual antiplatelet therapy for
durations spanning from two to six months, owing to the risk of restenosis and
thrombosis. Observational data suggest that among patients with critical limb
ischemia (CLI), dual therapy may confer additional benefits, although
definitive conclusions are yet to be established.

The concomitant use of full-dose oral anticoagulation alongside dual
antiplatelet therapy—referred to as “triple therapy’—has been associated with
an increased haemorrhagic risk. Recent randomized trials in patients requiring
anticoagulation who undergo percutaneous coronary procedures support a
strategy favouring single antiplatelet therapy in conjunction with
anticoagulation, particularly for those without a high bleeding risk and with
indications such as atrial fibrillation or venous thromboembolism. These
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findings align with expert guidelines and consensus recommendations,

including those issued by the American College of Cardiology (ACC), which
emphasize a patient-specific approach when balancing ischemic and bleeding

risks in managing anticoagulation and antiplatelet regimens.

In summary, the optimal management of antiplatelet and anticoagulant
therapy following vascular revascularization in PAD is an area of active
research, with current evidence favouring individualized strategies. Future

large-scale, randomized studies are essential to establish definitive guidelines
that comprehensively address the nuances of patient selection, device type,
procedural complexity, and comorbid conditions to optimize outcomes while

minimizing adverse effects.

5. After endovascular or surgical revascularization for
PAD, antiplatelet therapy is recommended.'” 9

6. After endovascular or surgical revascularization
for PAD, low-dose rivaroxaban (2.5 mg twice daily)
combined with low-dose aspirin is recommended to
reduce the risk of MACE and MALE”

7. After endovascular revascularization for PAD, dual
antiplatelet therapy with a P2Y 12 antagonist and
low-dose aspirin is reasonable for at least 1 to 6
months. @'

8. After endovascular or surgical revascularization in
patients with PAD who require full-intensity

C-LD anticoagulation for another indication and are not

at high risk of bleeding, adding single antiplatelet

therapy is reasonable.'#'3

Symptomatic PAD
(Chrenic symptomatic, including claudication, and CLTI)

Antiplatelet and antithrombotic therapy

revascularization

1

Low-dos= aspirin +

rivarcaban 2.5 mg B1D

Recent revascularization
(endovascular or surgical)

1

Artiplatelet and
antithrombet k therapy
m

Low-cose aspirin
'

FIVArcxat an
2.5mg BID
m
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ESC GUIDELINES

Endovascular management of peripheral artery disease (PAD) has
increasingly incorporated pharmacological strategies to optimize outcomes,
although high-quality evidence remains limited. Notably, some randomized
studies, albeit scarce, have suggested that dual antiplatelet therapy (DAPT),
administered for periods ranging from one to three months post-procedure,
may contribute to improved vessel patency. However, these studies have not
demonstrated a clear reduction in cardiovascular (CV) mortality or major
adverse cardiovascular events (MACE) attributable to DAPT, underscoring
the need for further validation.

While DAPT appears to enhance vessel patency without significantly
elevating bleeding risks, some data indicate a nuanced safety profile.
Specifically, the combination of aspirin at a dose of 100 mg daily with low-
dose rivaroxaban (2.5 mg twice daily), introduced following revascularization,
has been associated with a modest but statistically meaningful reduction in
the incidence of major adverse limb events (MALE) and major adverse
cardiovascular events (MACE). Importantly, this regimen did not increase the
occurrence of thrombolysis in myocardial infarction (TIMI) major bleeding;
however, it was linked to a rise in bleeding events classified as major by the
International Society on Thrombosis and Haemostasis (ISTH), particularly
when clopidogrel was used beyond one month.

Patients suffering from chronic limb-threatening ischemia (CLTI) represent a
particularly high-risk cohort for both MACE and MALE. The elevated risk
profile underscores the importance of tailored pharmacotherapy that balances
the benefits of ischemic protection against the potential for bleeding
complications. Given the limited yet evolving evidence base, ongoing
research is essential to refine antithrombotic regimens post-revascularization,
aiming to optimize limb salvage, reduce recurrent ischemic events, and
improve overall survival in this vulnerable population.
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Patients with chronic symptomatic PAD after endovascular revascularization
(— Long-term anticoagulation required
~, "
! -
[—v Bleeding risk ’j [—< Bleeding risk -j
No high bleeding risk High bleeding risk?® No high bleeding risk High bleeding risk®
PRl e DAPT SAPT 1-3 months
P m CORICORRS 1—3 months and OAC
for 1 month Cl I Cl I
(Class Ila) (Class lla) (Class lla)
ASA + 2.5 mg SAPT OAC OAC
rivaroxaban b.i.d. (ASA or clopidogrel) monotherapy monotherapy
(Class lla) (Class 1) (Class lla) (Class lla)
k @ Esc—

Figure 15 Patients with chronic symptomatic PAD after endovascular revascularization. b.i.d_, twice daily; DAPT, dual antiplatelet therapy; OAC, oral
anticoagulant; PAD, peripheral arterial disease; ASA, aspirin; SAPT, single antiplatelet therapy *High bleeding risk: dialysis or a renal impairment glom-
erular filtration rate <15 mL/min/1.73 m?, acute coronary syndrome < 30 days, history of intracranial haemorrhage, stroke or TIA, active or clinically
significant bleeding.

ESVS GUIDELINES

In the context of endovascular treatment for peripheral arterial disease, the
optimal strategy for antithrombotic therapy remains a subject of ongoing
investigation, with current evidence primarily extrapolated from studies
conducted in coronary and cerebrovascular populations. The combination of
aspirin at a standard dose of 100 mg daily with low-dose rivaroxaban (2.5 mg
twice daily) has been extensively evaluated in the VOYAGER PAD trial, which
enrolled patients at high risk of ischemic events post-revascularization.
Notably, the trial’s bleeding risk definitions differed slightly from those used in
other studies such as COMPASS, and the overall bleeding incidence
observed was lower than that reported in broader, real-world cohorts. The
primary outcome demonstrated a significant reduction in composite ischemic
events over a median follow-up of approximately 28 months, with a notable
benefit observed particularly in the surgical subgroup, although the difference
was not statistically significant when directly comparing the surgical and
endovascular groups.

The trial's population predominantly underwent endovascular procedures for
claudication, with the majority (66%) receiving such interventions.
Approximately half of the participants also received additional clopidogrel
therapy, more frequently so in the post-endovascular subgroup. Subgroup
analyses suggested that concomitant clopidogrel did not alter the efficacy of
aspirin combined with rivaroxaban but was associated with an increased
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incidence of major bleeding as defined by ISTH criteria when used beyond 30
days.

Additionally, a smaller, multicentre, double-blind trial comparing aspirin plus
edoxaban with aspirin plus clopidogrel over a three-month period following
endovascular intervention found no significant difference in stenosis or re-
occlusion rates at six months, nor in the rates of major bleeding
complications. These findings highlight the limited comparative evidence
available for various antithrombotic regimens in this setting.

A comprehensive network meta-analysis synthesizing current data concluded
that while aspirin combined with low-dose rivaroxaban reduced
revascularization rates compared with aspirin alone, the paucity of robust
evidence for other antiplatelet strategies underscores the difficulty in
establishing definitive treatment hierarchies. Consequently, current clinical
guidelines offer tailored recommendations, summarized in recent consensus
documents, emphasizing individual risk assessment to balance ischemic
protection against bleeding hazard in patients undergoing endovascular
procedures for lower extremity arterial disease. Overall, the evidence
underscores the necessity for further large-scale, well-designed randomized
trials to clarify the comparative efficacy and safety profiles of available
antithrombotic combinations in this patient population.

Recommendation 33

Patients undergoing endovascular or open arterial surgery
may be considered for intra-operative activated partial
thromboplastin time, activated partial thromboplastin time
ratio, or activated clotting time measurement to guide
further doses or reversal of unfractionated heparin.

Recommendation 34

Class Level References

11b | | Consensus

Patients undergoing endovascular arterial intervention may
be considered for a single dose of bivalirudin (0.75 mg/kg) as
an alternative to heparin to reduce the risk of peri-operative
acute limb events.

Class Level References

ToE

1Ib I'_ Hu et al. (2019)*""

Recommendation 35

Patients undergoing endovascular intervention for lower
extremity arterial disease who are not at high risk of bleeding
may be considered for a short course (a minimum of one to
maximum six months) dual antiplatelet therapy (aspirin 75
mg plus clopidogrel 75 mg) to reduce the risk of secondary

Recommendation 31

Patients undergoing endovascular arterial intervention are
recommended to have a single bolus of intravenous or intra-
arterial unfractionated (50 — 100 1U/kg) or low molecular
weight (0.5 mg/kg) heparin to reduce the risk of peri-

cardiovascular and major adverse limb events. operative acute limb events.

Level References ToE

N Duschek et al (2011)"°

Recommendation 37

Class Level References Class

11b |

| Consensus 1

Recommendation 36

If clopidogrel (75 mg) is added in exceptional circumstances
to aspirin (75 — 100 mg once daily) in combination with
rivaroxaban (2.5 mg twice daily) for patients undergoing
endovascular intervention for lower extremity arterial
disease who are not at high risk of bleeding, it is not
recommended for longer than 30 days as the bleeding risk is
likely to outweigh the benefit.

Patients undergoing endovascular intervention for lower
extremity arterial disease who are not at high risk of bleeding
should be considered for aspirin (75 — 100 mg once daily)
combined with rivaroxaban (2.5 mg twice daily) to reduce
the risk of secondary cardiovascular and major adverse limb
events.

Class Level References ToE Class

Ila I:_ Bonaca et al. (2020)* 1 |

Level References ToE

| Hiatt et al. (2020)"™
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ESVS 2023 Management Guidelines on Antithrombotic Therapy for Vascular Diseases

Patient undergoing endovascular intervention for lower extremity arterial disease

This includes the use of proton pump inhibitors for patients with a history of upper digestive tract lesions, or who are at
higher risk for gastrointestinal bleeding (Class Ia level C)

v

During procedure

v

Intraprocedural bolus of unfractionated heparin (50 — 100 IU/kg) or low molecular weight heparin (0.5 mg/kg)
(Class ITa level C)

| Post procedure l

v

Post-procedural aspirin (75 mg or 100 mg once/day) plus rivaroxaban (2.5 mg twice/day) (Class ITa level B)*

*High risk of bleeding defined in the VOYAGER protocol as: medical history or active clinically significant bleeding,
lesions, or conditions within the last six months prior to randomisation, considered to be at risk of major bleeding, or
any known hepatic disease associated with coagulopathy or bleeding risk.

Class of
recommendation
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Discussion

Chronic limb-threatening ischemia (CLTI) represents the most severe clinical
expression within the spectrum of peripheral arterial disease (PAD).
Characterized by critically inadequate blood flow to the lower extremities, CLTI
manifests through ischemic rest pain, persistent non-healing ulcers, or
gangrenous tissue, signifying advanced disease stages “2.#°. Patients with CLTI
face a markedly increased risk of limb loss, with annual amputation rates
reported between 15% and 20%, underscoring the urgent need for effective
intervention *°°.

Beyond the risk of losing a limb, individuals with CLTI are predisposed to major
adverse cardiovascular events (MACE) owing to the widespread presence of
atherosclerosis affecting coronary and cerebrovascular circulations. Evidence
indicates that among PAD patients, those with CLTI are at the highest risk for
both cardiovascular mortality and all-cause death, making comprehensive risk
reduction strategies imperative °'.

The overarching objectives in managing CLTI encompass dual aims:
safeguarding limb function and mitigating systemic cardiovascular risks.
Achieving limb salvage necessitates prompt revascularization, undertaken via
either endovascular or surgical means, which has proven essential in restoring
perfusion °'. However, the immediate period after revascularization remains
perilous, with heightened susceptibility to major adverse limb events (MALE)
and MACE ®2. Optimal postoperative care, particularly antithrombotic therapy,
is therefore critical to diminish the likelihood of subsequent ischemic
complications.

Current guidelines, notably those from the European Society of Cardiology
(ESC), endorse a combination of low-dose aspirin (100 mg daily) and
rivaroxaban (2.5 mg twice daily) following lower limb revascularization in
patients with PAD who do not present a high bleeding risk *3. For individuals at
elevated bleeding risk, a shorter course, typically up to three months—of dual
antiplatelet therapy (DAPT) is advised **. Nevertheless, it must be emphasized
that specific guidelines for antithrombotic treatment in the context of CLTI are
lacking, owing largely to limited targeted evidence.

The foundation for the contemporary recommendation on dual pathway
inhibition (DPl)—the combination of aspirin and rivaroxaban—stems from the
VOYAGER-PAD trial, a large randomized controlled study demonstrating a
positive net clinical benefit of DPI over aspirin alone in patients undergoing
revascularization for PAD. Notably, this trial included a broad patient
population, with only a minority (approximately 23%) presenting CLTI,
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highlighting the gap in dedicated evidence for this particularly high-risk
subgroup *°°.

The scarcity of definitive clinical trial data focusing on antithrombotic regimens
specifically for CLTI patients after revascularization has translated into
considerable variability across different regions. An international survey
conducted by the ESC Working Group on Aorta and Peripheral Vascular
Diseases revealed diverse practices, reflecting the uncertainty surrounding
optimal management strategies. At present, both current European and
surgical guidelines refrain from offering definitive, tailored recommendations for
antithrombotic therapy in this subset, leaving clinicians to individualize
treatment based on the patient’s bleeding risk and clinical profile.

It is increasingly recognized that patients with CLTI may exhibit enhanced
platelet activation and a suboptimal response to standard antiplatelet agents,
further complicating management. The urgent need for a dedicated, evidence-
based scientific statement on antithrombotic strategies in this population has
been acknowledged by the ESC Working Groups focused on vascular diseases
and cardiovascular pharmacotherapy. This initiative aims to systematically
review existing literature with the goal of developing a consensus guide that
optimizes secondary prevention, reduces the incidence of MACE and MALE,
and advances the clinical care of patients with CLI following revascularization.

In summary, managing CLTI demands an approach that balances ischemia
prevention with bleeding risk assessment. Although current evidence guides
some aspects of therapy, significant gaps remain, underscoring the necessity
for further targeted research to establish clear, evidence-based protocols
tailored to this critically vulnerable patient population.

Conclusion

When considering endovascular management of peripheral arterial disease
(PAD), optimal antithrombotic strategies remain under active investigation,
primarily relying on data from coronary and cerebrovascular studies. The
combination of aspirin 100 mg daily with low-dose rivaroxaban (2.5 mg twice
daily) has shown benefits in the VOYAGER PAD trial, which involved high-risk
post-revascularization patients. Although the trial demonstrated a significant
reduction in composite ischemic events, the bleeding risk, though generally
acceptable, was somewhat higher than in broader populations, especially
when additional clopidogrel therapy was used beyond 30 days.

Most trial participants underwent endovascular procedures, and subgroup
analyses indicated that concomitant clopidogrel did not reduce efficacy but
increased major bleeding incidences. Smaller studies comparing aspirin with
edoxaban to aspirin with clopidogrel showed no significant differences in
restenosis or bleeding outcomes, highlighting the limited comparative
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evidence for various regimens. A network meta-analysis supports that aspirin
combined with low-dose rivaroxaban may reduce revascularization rates
compared to aspirin alone, but the overall evidence remains sparse and
inconsistent.

Current guidelines advocate for individualized treatment approaches,
weighing ischemic benefits against bleeding risks, given the limited robust
data. Further large-scale, randomized trials are essential to establish clear,
evidence-based recommendations for antithrombotic therapy following
endovascular procedures in PAD, aiming to optimize limb salvage, reduce
recurrent ischemic events, and improve survival outcomes.
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Appendix
Supplementary Table I. Search Strategy

Pubmed Search: (((((((((((((((endovascular repair) OR (EVR)) OR (angioplasty)) OR
(stenting)) OR (peripheral endovascular intervention)) OR (PTA)) OR (percutaneous
transluminal angioplasty)) OR (endovascular)) OR (endovascular repairfMeSH
Terms])) OR (angioplasty, balloon[MeSH Terms])) OR (angioplasty[MeSH Terms]))
OR (endovascular stent grafting[MeSH Terms])) OR (drug coated stent{MeSH
Terms])) OR (drug eluting stentfMeSH Terms])) AND ((((((((((((peripheral artery
disease) OR (PAD)) OR (CLTI)) OR (critical limb threatening ischemia)) OR (critical
limb ischemia)) OR (CLI)) OR (lower limbs)) OR (extremities)) OR (peripheral artery
disease[MeSH Terms])) OR (critical limb ischemia[MeSH Terms])) OR (lower
limbs[MeSH Terms]))) AND ((((((((((((((((((antiplatelet therapy) OR (SAPT)) OR
(DAPT)) OR (anticoagulation)) OR (LMWH)) OR (heparin)) OR (VKA)) OR
(antithrombotic)) OR (vitamin k antagonist)) OR (acetylsalicylic acid)) OR
(clopidogrel)) OR (apixaban)) OR (rivaroxaban)) OR (antiplatelet agents[MeSH
Terms])) OR (agents, anticoagulation[MeSH Terms])) OR (agent,
antithrombotic[MeSH Terms])) OR (acetylsalicylic acid[MeSH Terms])) OR
(rivaroxaban[MeSH Terms])) = Results: 4846

CENTRAL search:
ID Search Hits

#1 endovascular repair 1070

#2 angioplasty 10720

#3 stenting 6356

#4 peripheral endovascular intervention 503
#5 percutaneous transluminal angioplasty 2804
#6 peripheral artery disease 5539

#7 critical limb threatening ischemia 211

#8 critical limb ischemia 1227

#9 antiplatelet therapy 7141
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#10 single antiplatelet therapy 1451
#11 dual antiplatelet therapy 2828
#12 LMWH 1842
#13  antithrombotic therapy 2681
#14 {OR #1-#5} 16134
#15 {OR#6-#8} 6383
#16 {OR #7-#13} 11704

#17  {AND #14-#16} 544 results

SCOPUS search

ALL(( endovascular repair OR EVR OR angioplasty OR stenting OR
peripheral endovascular intervention OR percutaneous transluminal
angioplasty ) AND ( peripheral artery disease OR PAD OR CLTI OR CLI OR
critical limb ischemia ) AND ( antiplatelet therapy OR SAPT OR DAPT OR
anticoagulation OR dual antiplatelet therapy OR antithrombotic OR
acetylsalicylic OR clopidogrel or rivaroxaban OR apixaban )) 1087 results
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