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Antithrombotic treatment following revascularization for chronic limb-threatening ischaemia (CLTI)

Abstract

Chronic limb-threatening ischaemia (CLTI) is defined as ischaemic rest pain, or non-healing ulceration, requiring endovascular or surgical lower limb 
revascularization (LLR). Lower limb revascularization in CLTI entails a high risk of major adverse limb events (MALE) and major adverse cardiovas
cular events (MACE). This scientific statement addresses this risk based on a systematic review. A structured literature search was performed, and 
articles were independently evaluated by two investigators. In total, 1678 articles were identified, of which 34 were included in the final analysis. Only 
three randomized controlled trials (RCTs) addressed antithrombotic therapy in CLTI following LLR. None of these demonstrated superiority of any 
antithrombotic regimen over the other. Eight RCTs investigated antithrombotic therapy following LLR in populations with peripheral arterial disease 
including CLTI subgroups and suggest a benefit of dual antiplatelet therapy on limb events. One large RCT demonstrated that dual pathway inhibition 
with aspirin and vascular-dose rivaroxaban reduced the risk of MALE, MACE, and unplanned target limb revascularization. Data from 22 observa
tional studies suggest a benefit of dual antiplatelet therapy on overall survival and amputation-free survival after LLR as compared with single anti
platelet therapy. Intensified antithrombotic treatment should be proposed in patients with CLTI following LLR to reduce the risk of MALE and 
MACE. Randomized controlled trials on antithrombotic therapy in patients with CLTI following LLR are scarce. Dual pathway inhibition is the 
only regimen for which an RCT demonstrated a reduction of MALE and MACE following LLR. Dual antiplatelet therapy appears to be associated 
with a reduced risk of MALE in CLTI following LLR.

Keywords Lower limb revascularization • Chronic limb-threatening ischaemia • Peripheral arterial disease • Vascular surgery • 
Peripheral percutaneous angioplasty • Stenting • Antithrombotic therapy
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Introduction
Chronic limb-threatening ischaemia (CLTI) is the clinically most severe 
manifestation of peripheral arterial disease (PAD). Chronic limb- 
threatening ischaemia is defined as a critically low perfusion status of the 
lower limbs causing ischaemic rest pain, or non-healing ulceration, or gan
grene.1,2 Among patients with PAD, patients with CLTI are at heightened 
risk of limb loss and suffer an annual risk of amputation of 15%–20%.3

In addition to limb loss, patients with CLTI are at high risk of major 
adverse cardiovascular events (MACE). The risk of MACE associated 
with CLTI and more generally with PAD can be attributed to the con
comitant occurrence of atherosclerotic lesions in the coronary and 
cerebrovascular circulation.2 Within the spectrum of patients with 
PAD, CLTI patients face the highest risk of MACE and all-cause death.4

Hence, therapeutic goals in the management of CLTI are dual, aimed 
at minimizing the risk of both major adverse limb events (MALE) and 
MACE.3 For limb salvage, a timely lower limb revascularization (LLR) 
with either an endovascular or a surgical approach is essential.1,2

Especially, the early phase after LLR is endangered by a heightened 
risk of MALE and MACE.5–7

Optimization of antithrombotic treatment following LLR may con
tribute to a reduction in the risk of subsequent ischaemic events.8

According to recent European Society of Cardiology (ESC) guidelines 
for the management of peripheral arterial and aortic diseases, the com
bination of aspirin (100 mg/day) and vascular-dose rivaroxaban (2.5 mg 
twice daily) should be considered following LLR of patients with PAD 
without high bleeding risk, while dual antiplatelet therapy (DAPT) is re
commended for high-bleeding risk patients for up to 3 months follow
ing LLR.2 Account must be taken of the fact that no CLTI-specific 
recommendation on antithrombotic treatment following LLR is 
provided.

The recommendation on dual pathway inhibition (DPI) with aspirin 
and vascular-dose rivaroxaban is based on the results of a large rando
mized controlled trial (RCT), the Vascular Outcomes Study of 
Acetylsalicylic Acid Along with Rivaroxaban in Endovascular or 
Surgical Limb Revascularization for Peripheral Artery Disease 
(VOYAGER-PAD) trial, which demonstrated a net benefit of DPI (vs 
aspirin plus placebo) following endovascular or surgical LLR.9 It war
rants mention, however, that the VOYAGER-PAD trial included a 
mixed population of patients with different clinical manifestations of 
PAD, in which patients with CLTI were a minority (23%).

The lack of robust evidence deriving from large RCTs specifically ad
dressing antithrombotic therapy in patients with CLTI following LLR 
has led to considerable differences in antithrombotic treatment regimens 
in patients with CLTI following LLR across Europe. The great variability in 
antithrombotic treatment regimens applied for this vulnerable group of 
patients was captured by a survey performed by the Working Group 
on Aorta and Peripheral Vascular Diseases of the ESC, conducted in col
laboration with various European and national scientific societies.10

According to the paucity of data from large RCTs directly investigating 
antithrombotic strategies in patients with CLTI following LLR, no specific 
recommendations on antithrombotic regimens are provided by recent 
ESC guidelines on the management of peripheral arterial and aortic dis
eases nor by surgical guidelines on antithrombotic therapy for vascular 
diseases.2,11

In this context, and against the background of a potentially increased 
platelet activation and reduced response to antiplatelet agents in 
CLTI,12,13 a scientific statement on antithrombotic therapy, which tar
gets platelet and coagulation pathways to reduce the high risk of MACE 

and MALE following LLR in patients with CLTI, is needed (Graphical 
Abstract).

The ESC Working Group on Aorta and Peripheral Vascular Diseases 
and the ESC Working Group on Cardiovascular Pharmacotherapy 
aimed at compiling a scientific statement on antithrombotic therapy fol
lowing LLR for CLTI based on a systematic literature review.

Methods
In this systematic review, we adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA).14,15 A medical informa
tion specialist (Brigitte Wildner, University Library, Medical University 
Vienna) searched the databases CENTRAL, EMBASE, and MEDLINE on 
14 October 2023. A finalizing search to update the initial search results 
was conducted on 25 March 2024.

The strategy and search terms are provided in the Supplementary data. 
The following groups of studies were considered eligible for the present re
view: (i) RCTs directly addressing antithrombotic therapy in patients with 
CLTI following surgical or endovascular LLR; (ii) RCTs on antithrombotic 
therapy in mixed populations of patients with PAD undergoing LLR and in
volving subgroups of patients with CLTI; and (iii) observational studies spe
cifically reporting antithrombotic therapy in patients with CLTI receiving 
surgical or endovascular LLR.

Two investigators (O.S. and M.D.C.) independently performed the 
screening of titles and abstracts of all records. If titles and abstracts com
plied with the predefined inclusion criteria or if titles and abstracts were in
conclusive, their respective full texts were retrieved and reviewed. In case of 
disagreement between the two reviewers, a third reviewer (R.D.C.) was 
consulted for the decision to include the respective record or not in the 
analysis. In addition, we also performed a manual search, including trials 
that were not captured by the structured search.

Results
In total, 1678 records were identified by a structured database search from 
CENTRAL, EMBASE, and MEDLINE and by an additional manual search 
(Figure 1). After removal of 327 duplicates, 1351 records entered the 
screening process. The screening of title and abstract led to the exclusion 
of 1255 articles. The remaining 96 articles underwent a full-text examin
ation, leading to the exclusion of additional 62 articles. Finally, 34 articles 
reporting the outcomes of 33 studies were included in the final analysis. 
Of these, three RCTs directly addressed antithrombotic therapy following 
revascularization for CLTI, eight addressed antithrombotic therapy in 
mixed PAD patient populations undergoing LLR, including patients with 
CLTI (of these, two records referred to the same RCT9,16), and 22 obser
vational studies focused on antithrombotic therapy in CLTI following LLR 
(Figure 2).

Randomized controlled trials on 
antithrombotic therapy following 
revascularization for chronic 
limb-threatening ischaemia
Three small RCTs specifically addressed antithrombotic therapy in pa
tients with CLTI following surgical (two RCTs) or endovascular (one 
RCT) LLR (Table 1). In total, 445 patients (mean age 72 years, 63% 
male) were included. In a first RCT, DAPT with aspirin plus clopidogrel 
did not suggest significant differences compared with single antiplatelet 
therapy (SAPT) with aspirin and placebo as to the risk of myocardial in
farction, in-hospital death, and intracranial haemorrhage in patients 
undergoing surgical LLR.18 The rate of blood transfusions was significantly 
higher in patients on DAPT than in patients on aspirin alone. Conversely, 
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biomarkers of platelet activation and of myocardial injury were lower in 
patients on DAPT than in patients on SAPT. It needs to be noted that the 
primary outcome of this study was platelet-monocyte aggregation and 
the number of patient calculation was performed with this purpose.

A second RCT showed that the combination of aspirin with 
low-molecular-weight heparin (5.000 IU of dalteparin once daily) for 
3 months after surgery did not result in improvements of primary graft 
patency, amputation rates, and cardiovascular mortality after 12 
months of follow-up (in comparison with aspirin plus placebo).19 No 
differences in bleeding complications were observed between patients 
receiving aspirin and dalteparin and patients receiving aspirin and pla
cebo injections.

The Cilostazol for Below-the-Knee Artery Disease after Balloon 
Angioplasty in Patients With Severe Limb Ischemia (CABBAGE) trial com
pared a combined treatment of aspirin and cilostazol with aspirin mono
therapy following below-the-knee angioplasty in patients with CLTI.17 At 
the 3-month follow-up, no significant difference between groups was 
found regarding restenosis and MALE rates, as well as regarding bleeding 
events.

Summary
No RCT demonstrated any benefit on ischaemic events with intensified 
antithrombotic regimens compared with aspirin monotherapy in pa
tients with CLTI undergoing surgical or endovascular LLR. A greater 
need of blood transfusions was suggested in patients with CLTI receiv
ing DAPT (vs SAPT) after surgical LLR.

Randomized controlled trials on 
antithrombotic therapy following 
revascularization for peripheral arterial 
disease (combining patients with and 
without chronic limb-threatening 
ischaemia)
In eight RCTs, antithrombotic therapy was assessed after surgical 
or endovascular LLR in broader patient populations with PAD, com
bining claudicants with patients suffering from CLTI (Table 2). These 
trials (three on surgical LLR, four on endovascular LLR, and one on 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram depicting the literature search and selection process; 
modified from Moher et al. and Page et al.14,15 CLTI, chronic limb-threatening ischaemia; LLR, lower limb revascularization; PAD, peripheral arterial 
disease; RCT, randomized controlled trial
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both) comprised data on 10 903 patients. Of these RCTs, three spe
cifically report data on the respective subgroups of patients with 
CLTI.16,22,24

Dual antiplatelet therapy vs single antiplatelet 
therapy
Following surgical LLR, there was no benefit of DAPT (aspirin plus clo
pidogrel) in comparison with aspirin plus placebo on the occurrence of 
a combined endpoint of graft occlusion, graft revascularization or re
placement, amputation, and death [hazard ratio (HR) 0.98, 95% confi
dence interval (CI) 0.78–1.23].25 A benefit of DAPT vs aspirin plus 
placebo was only found in the subgroup of patients with infrapopliteal 
prosthetic bypass grafts (HR 0.65, 95% CI 0.45–0.95, P = .025), while no 
benefit was found in patients with venous grafts (HR 1.25, 95% CI 0.95– 
1.67). In addition, among patients with venous grafts, DAPT (vs aspirin 
plus placebo) was associated with a higher incidence of mild and moder
ate bleeding events (mild bleeding: 12.1% with DAPT vs 5.4% with aspirin 
plus placebo, P = .004; moderate bleeding: 3.7% with DAPT vs 0.7% with 
aspirin, P = .004), while no significant difference was observed among 
prosthetic graft recipients. No CLTI-specific findings are reported in 
this trial.

No RCT compared DAPT with SAPT in patients with CLTI under
going endovascular LLR. In a mixed PAD population (34% of patients 
with CLTI), one small RCT reported that DAPT with aspirin and clopi
dogrel for 6 months was associated with lower target lesion revascular
ization rates as compared with aspirin monotherapy (2% vs 8%, P = .04) 
and higher levels of platelet inhibition, although 30% of patients were 
found to be clopidogrel resistant.27 However, no sustained benefit of 
DAPT was observed at 1 year of follow-up.20 Data on the CLTI sub
group were not reported in this trial.

Ticagrelor vs clopidogrel
One RCT compared two DAPT regimens in a mixed PAD population 
(55% of patients with CLTI) undergoing femoropopliteal drug-eluting 
stent implantation with stent obstruction evaluated by intravascular im
aging by means of frequency-domain optical coherence tomography. 
The association of aspirin and ticagrelor showed no significant 
differences compared with aspirin and clopidogrel on in-stent resten
osis (assessed as net percentage volume obstruction) and stent re- 
endothelialization (assessed as percentage of uncovered stent struts).21

Ticagrelor use was associated with greater inhibition of platelet 
reactivity as compared with clopidogrel 3 months after LLR. Neither 
clinical outcomes nor data on the CLTI population were specifically 
reported.

Anticoagulants vs antiplatelet regimens
In one RCT, the use of low-molecular-weight heparin (dalteparin) vs as
pirin plus dipyridamole after surgical LLR resulted in higher graft pa
tency in the subgroup of patients with CLTI. Here, however, the 
proportion of CLTI among the entire population patients was not 
provided.24

In a comparably larger RCT (2690 patients with PAD), oral anticoa
gulation with vitamin K antagonists [target international normalized ra
tio (INR) 3.0–4.5] did not result in fewer graft occlusions compared 
with aspirin after surgical LLR (HR 0.95; 95% CI 0.82–1.11).26 A benefit 
of vitamin K antagonists on graft patency was, however, observed 
among patients with vein grafts (HR 0.69; 95% CI 0.54–0.88), while a 
detrimental effect was observed among non-venous graft recipients 
(HR 1.26; 95% CI 1.03–1.55). Importantly, vitamin K antagonists doubled 
the risk of major bleeding in the overall population, even excluding 

Figure 2 Population, design, and results of the studies included in the present review. DAPT, dual antiplatelet therapy; DPI, dual pathway inhibition; 
LMWH, low-molecular weight heparin(s); LLR, lower limb revascularization; SAPT, single antiplatelet therapy; VKA, vitamin K antagonists
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postoperative haemorrhage (HR 1.96; 95% CI 1.42–2.71). While 48% of 
participants had CLTI, no specific results were reported in this subgroup.

Dual pathway inhibition vs dual/single antiplatelet 
therapy
In a first small RCT, the combination of edoxaban with aspirin was com
pared with DAPT for 3 months in 203 patients with PAD (14% patients 
with CLTI) following LLR.23 The primary endpoint (bleeding rates) did 
not differ between both groups, nor was there a between-group differ
ence in secondary endpoints (freedom from a composite of restenosis, 
reocclusion, target lesion revascularization, amputation, and MACE).23

The first large-scale RCT on DPI, the VOYAGER-PAD trial, com
pared the combination of aspirin and vascular-dose rivaroxaban with 
aspirin alone after surgical or endovascular LLR.9 In this trial, comprising 
23% of patients with CLTI, DPI use was associated with a reduction in 
the composite endpoint of acute limb ischaemia, major amputation for 
vascular causes, myocardial infarction, ischaemic stroke, or death from 
cardiovascular causes (HR 0.85, 95% CI 0.76–0.96) in comparison with 
patients receiving aspirin plus placebo, which was primarily attributed 
to a reduction of acute limb ischaemia (HR 0.67, 95% CI 0.55–0.82).

A post hoc analysis of the CLTI subgroup showed a lower rate of un
planned index limb revascularization in patients receiving DPI (vs aspirin 
plus placebo) after endovascular LLR (HR 0.75, 95% CI 0.56–1.00, 
P = .049), but not after surgical LLR (HR 0.83, 95% CI 0.55–1.25).16

Importantly, DPI was associated with more major bleeding events than 
aspirin plus placebo, but with no increase in fatal or intracranial bleeding. 
Concomitant use of clopidogrel after endovascular revascularization was 
here limited to <30 days, due to increased rates of major bleeding events 
with longer durations.28 No heterogeneity was observed on bleeding risk 
between endovascular and surgical revascularization.29

Summary
In RCTs combining patients with and without CLTI, DPI with aspirin 
and vascular-dose rivaroxaban appears to be the strategy with the high
est potential of a net benefit after surgical and endovascular LLR. After 
surgical LLR, DAPT is not superior over SAPT in preventing graft occlu
sion, graft revascularization or replacement, amputation, and death. In 
infrapopliteal prosthetic bypass grafts, DAPT may be beneficial on graft 
patency and amputation rates. In venous bypass grafts, vitamin K an
tagonists (target INR 3.0–4.5) result in higher graft patency (in compari
son with aspirin), but increase the risk of bleeding.

Observational studies on antithrombotic 
therapy following revascularization for 
chronic limb-threatening ischaemia
Aspirin vs no aspirin
Several observational studies addressed the use of aspirin following LLR for 
CLTI (Table 3). In a cohort of 10 617 CLTI patients undergoing endovascu
lar or surgical LLR (mean age 76.8 years, 51% female), the use of aspirin was 
associated with a lower risk of amputation (HR 0.77, 95% CI 0.69–0.87, P  
< .001) and of the combined endpoint of amputation or death (0.69, 95% 
CI 0.65–0.73, P < .001), as compared with no antiplatelet therapy.43 Two 
smaller studies (in total 207 patients) on aspirin use in CLTI patients after 
endovascular and surgical LLR suggested an association of aspirin with few
er cardiac adverse events, while no association was observed between as
pirin and graft failure or vascular death after surgical revascularization.39,41

Importantly, at longer-term follow-up (10 years), the prescription of anti
platelet therapy after surgical or endovascular LLR did not appear to be 

an independent predictor of overall mortality.42 Accordingly, a study on 
a mixed population of 18 742 lower extremity artery disease patients 
undergoing endovascular or surgical LLR (63% of patients suffering from 
CLTI, with a mean age of 77 years, 51% being female) reported that the 
use of aspirin did not affect the composite endpoint of non-fatal myocardial 
infarction, non-fatal stroke, or cardiovascular death.47

Dual antiplatelet therapy vs single antiplatelet therapy
A prospective single-centre study assessed the pharmacodynamic re
sponse to DAPT with aspirin plus clopidogrel in patients with CLTI 
(mean age 73 years, 38% female) and demonstrated a high prevalence of 
high-on-treatment platelet reactivity following endovascular LLR.13

While the occurrence of MALE and MACE did not differ between patients 
with CLTI with and without high-on-treatment platelet reactivity, the risk 
of bleeding was lower in patients with high-on-treatment platelet reactivity.

Comparing DAPT with SAPT after endovascular LLR for CLTI, no 
difference was observed with respect to the risk of amputation, sur
vival, or bleeding in a retrospective study on 625 patients with CLTI 
(mean age 70 years, 37% female).30

Several outcome analyses derive from the database of the Vascular 
Quality Initiative of the US Society of Vascular Surgery: two retrospective 
analyses consistently demonstrated higher survival rates in patients 
on DAPT as compared with patients receiving SAPT following endovascu
lar LLR.45,46 The first analysis included only patients with CLTI 
(n = 50 890, mean age 68 years, 41% female). Here, DAPT was associated 
with improved overall survival and improved amputation-free survival after 
surgical and endovascular LLR, while it was not related to major amputa
tion after LLR.46 In the second analysis of the Vascular Quality Initiative in
cluded a mixed population of PAD patients (claudication and CLTI). Here, 
57 041 patients undergoing LLR (28% bypass) were included. Of 15 985 
bypasses (69% for critical limb ischaemia), the survival benefit of patients 
receiving DAPT was only observed in the CLTI subgroup.45

Analysing different components of medical management in other 11  
466 CLTI patients undergoing LLR (mean age 68 years, 43% female), it 
was concluded that DAPT is independently associated with limb salvage 
(HR 0.81, 95% CI 0.77–0.86).32

Dual antiplatelet therapy was also associated with a lower risk of am
putation (HR 0.56, 95% CI 0.36–0.86) without increased risk of bleeding 
(HR 1.08, 95% CI 0.79–1.47) among 1941 patients with diabetes and 
CLTI (median age 79 years, 58% female) undergoing femoropopliteal 
stent implantation.31 Regarding DAPT duration, no differences were ob
served between patients receiving DAPT for <100 days and patients on 
DAPT for longer time.

Three antiplatelet strategies, i.e. aspirin monotherapy, P2Y12-inhibitor 
monotherapy, and DAPT, were compared in another analysis of the US 
Vascular Quality Initiative involving 11 503 patients with CLTI (mean age 
68 years, 43% female) undergoing endovascular LLR.33 In comparison 
with aspirin, P2Y12-inhibitor monotherapy was associated with higher 
3-year overall survival rates (HR 0.82, 95% CI 0.68–0.98, P = .03), 
amputation-free survival (HR 0.75, 95% CI 0.65–0.86, P < .001), and 
limb salvage (HR 0.74, 95% CI 0.60–0.91, P = .004). No difference was 
found between P2Y12-inhibitor monotherapy and DAPT with respect 
to 3-year overall survival (HR 0.94, 95% CI 0.77–1.14), amputation-free 
survival rates (HR 0.92, 95% CI 0.78–1.07), and limb salvage rates 
(HR 0.80, 95% CI 0.64–1.00, P = .06).

Dual antiplatelet therapy was compared with SAPT after surgical LLR 
among 1812 patients with CLTI (mean age 71 years, 30% female) re
ceiving infrapopliteal bypass grafts: no difference was found between 
groups in terms of MALE, mortality, major amputation, or reinterven
tion rates.40
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Other antiplatelet drugs
The role of cilostazol was assessed in six observational studies (in total 
1294 CLTI patients, mean age ranging from 69 to 75 years, female pro
portion from 23% to 34%). Three of these studies included only CLTI 
populations (563 patients), while three included mixed populations 
with PAD (731 CLTI patients). The association between cilostazol use 
and lower rates of restenosis and MALE after endovascular LLR was in
consistent among studies.34–37,49 However, CLTI patients not receiving 
cilostazol after endovascular or surgical LLR showed higher risk of failed 
ulcer healing (HR 3.482, 95% CI 1.321–9.674, P = .011) and lower 
amputation-free survival (HR 2.99, 95% CI 1.213–3.736, P = .008).50

One study assessed the use of the selective serotonin-2A (5-HT2A) 
receptor antagonist sarpogrelate in 386 patients with CLTI (mean age 
71 years, 33% female) undergoing endovascular LLR and reported im
proved amputation-free survival rates in comparison with patients 
without sarpogrelate.38

Oral anticoagulants
The use of oral anticoagulants (OACs) among 10 617 patients with 
CLTI undergoing endovascular or surgical LLR was associated with a 
lower risk of the combined endpoint of amputation or death (HR 
0.90, 95% CI 0.81–0.99, P = .024), while no association was observed 
with the risk of amputation only (HR 1.02, 95% CI 0.86–1.20).43

Among the 1200 patients with CLTI patients enrolled in the German 
Registry of First-Line Treatments in Patients With Critical Limb 
Ischemia (CRITISCH), anticoagulation was associated with better 
amputation-free survival after bypass surgery (HR 0.52, 95% CI 0.30– 
0.92, P = .025), but not after femoral patchplasty (HR 0.39, 95% CI 
0.14–1.13).44 The use of oral anticoagulation after endovascular or sur
gical LLR was associated with a lower risk of the composite endpoint of 
myocardial infarction, stroke, or cardiovascular death (HR 0.84, 95% CI 
0.75–0.94, P = .002) among 18 742 patients, mostly suffering from CLTI 
(63%).47

In contrast, an analysis of the Vascular Quality Initiative on 50 890 
patients with CLTI (mean age 68 years, 41% female) reported lower 
1-year survival rates in patients who were discharged on anticoagu
lants after endovascular (HR 1.27, 95% CI 1.19–1.36, P < .0001) or 
surgical LLR (HR 1.17, 95% CI 1.06–1.30, P = .03).46 In this analysis, 
the use of OACs was related to a higher risk of major amputation 
after surgical (HR 1.57, 95% CI 1.35–1.83, P < .0001), but not endo
vascular LLR (HR 1.15, 95% CI 0.95–1.39). Finally, a small study on 
141 CLTI patients undergoing LLR reported no differences in mor
tality, MACE, or MALE between patients receiving vitamin K antago
nists as compared with patients receiving direct OACs; however, 
major bleeding events were more common among patients receiving 
vitamin K antagonists (relative risk 3.76, 95% CI 1.07–13.19, 
P = .015).48

Summary
In observational studies, aspirin is associated with lower mortality and 
MACE rates (vs no antiplatelet therapy) in patients with CLTI under
going LLR. Dual antiplatelet therapy is associated with higher overall 
survival and amputation-free survival after surgical and endovascular 
LLR as compared with SAPT, at the cost of a higher risk of bleeding, 
without differences between patients receiving DAPT for <100 days 
and patients on DAPT for longer time. Data on the effects of oral an
ticoagulation and of cilostazol on both limb and systemic events are 
inconsistent.

Discussion
This scientific statement of the ESC Working Group on Aorta and 
Peripheral Vascular Diseases and the ESC Working Group on 
Cardiovascular Pharmacotherapy is based on a systematic review, which 
is the first one focusing on antithrombotic therapy in the high-risk popu
lation of patients with CLTI following surgical or endovascular LLR.

While recent ESC guidelines for the management of peripheral arter
ial and aortic diseases contain recommendations for the antithrombotic 
treatment in patients with PAD following LLR, no statement is provided 
for the vulnerable group of patients with CLTI following LLR.2 Similarly, 
current surgical guidelines from the European Society for Vascular 
Surgery on antithrombotic therapy for vascular diseases do not specify 
antithrombotic treatment concepts for patients with CLTI after LLR.11

In recent years, three systematic reviews addressed antithrombotic 
management of patients with PAD following LLR.51 A first comprehen
sive systematic review and network meta-analysis analysed different 
antiplatelet agents following LLR.51 However, this systematic review 
did not specifically address patients with CLTI and was finalized before 
the publication of the VOYAGER-PAD study. The results of the 
VOYAGER-PAD study were captured by a more recently published 
systematic review on antithrombotic treatment in PAD following 
LLR, which also did not specifically address patients with CLTI.52

Finally, a third systematic review suggested an association between ad
enosine diphosphate receptor inhibitor high on-treatment platelet re
activity and worse clinical outcomes after LLR without showing 
CLTI-specific outcomes.53

Against this background, the focus on the post-interventional or 
post-surgical period of patient CLTI is clinically and scientifically rele
vant. In the current systematic review, only three small RCTs were cap
tured directly addressing antithrombotic therapy following LLR for 
CLTI. None of these trials demonstrated that a specific antithrombotic 
strategy provides a significant benefit on MACE or MALE. The general
izability of these three RCTs is limited by the modest sample size of 
each trial and the inhomogeneity of the underlying LLR approaches 
(surgical LLR: two RCTs; endovascular LLR: one RCT). Moreover, it 
needs to be noted that these RCTs, as well as other studies captured 
by our structured literature search, have been conducted several years 
ago, while LLR strategies have substantially improved over time. Aiming 
at providing a most comprehensive picture of the existing evidence, we 
decided not to limit the search strategy to any specific time period. 
Therefore, the key finding of this systematic review is the urgent 
need for a large-scale RCT on antithrombotic therapies in patients 
with CLTI undergoing revascularization to establish an evidence-based 
treatment approach for this high-risk patient group.7

The high rate of adverse systemic and limb events in patients with 
CLTI is related to arterial thrombosis and hypoperfusion of the limbs, 
as well as to a generalized inflammatory state in patients who often have 
polyvascular disease. Chronic limb-threatening ischaemia represents 
the end stage of atherosclerosis in the limbs and the failure of prevent
ive measures. Surgical and endovascular revascularization procedures 
disrupt vascular endothelium and atherosclerotic plaques and often 
introduce prosthetic materials (stents and vascular grafts), leading to ac
tivation of platelets and coagulation, with the possible occurrence of 
thrombosis and vascular occlusion.54–57 A higher expression of vessel 
wall procoagulants is prompted by a generalized status of vascular in
flammation, as demonstrated by high levels of C-reactive protein in 
such patients.58 Thus, the occurrence of thrombosis depends on the in
tertwined activation of vascular wall cells, platelets, and coagulation, 
with thrombin playing a crucial role.
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Activation of both platelets and of the coagulation cascade has been 
implicated in the genesis of ischaemic events at sites distant from the 
local intervention in patients with PAD.54,55,59 Revascularization itself 
contributes to increased platelet activation and aggregation, along 
with the initiation of the coagulation process.56,57 Furthermore, a re
duced response to antiplatelet agents has been reported after revascu
larization in up to 27% of patients with CLTI, probably related to a 
heightened inflammatory status.60 The increased platelet activation in 
CLTI and the reduced response to antiplatelet agents after LLR under
line the possible need for tailoring antithrombotic treatment, especially 
in the post-revascularization period.12,13

Despite the documented increased risk of local and systemic throm
botic events in patients with CLTI as compared with patients with 
intermittent claudication, no study has so far compared different antith
rombotic regimens between patients with CLTI and patients with clau
dication following LLR. Some studies mixed both PAD populations and 
have not even reported the results in patients with CLTI apart from 
those observed in claudicants. Against this background, our review 
shows that DAPT with aspirin and clopidogrel is the most frequently 
used antithrombotic regimen for CLTI patients undergoing LLR, in 
agreement with contemporary clinical practice reflected in a recent 
survey among the members of the ESC Working Group on Aorta 
and Peripheral Vascular Diseases.10

Recently, DPI has become an important alternative to DAPT, based 
on the results of the VOYAGER-PAD trial, which—over several 
years—has been the largest RCT providing robust evidence for a po
tential net benefit of an intensified antithrombotic regimen following 
LLR in PAD.9 As shown here, DPI is the only antithrombotic strategy 
that consistently reduced the risk of limb and systemic events in pa
tients undergoing LLR, although it should be noted that only 23% of 
the study population in the trial suffered from CLTI. Regarding the en
tire study population, the benefit of DPI was consistently observed 
after both endovascular and surgical LLR29 and was independent of 
the concomitant use of clopidogrel in patients undergoing endovascular 
LLR.28 In this context, it should be noted that the protocol of the 
VOYAGER-PAD trial allowed the concomitant use of clopidogrel for 
up to 30 days (or up to a maximum of 60 days, if justified by the 

investigator).9 Of all patients randomized in VOYAGER-PAD, 50.6% 
concomitantly received clopidogrel for a median period of 29 days.28

Of patients, who underwent endovascular LLR, 69% received DAPT 
at randomization, 55.5% were on concomitant clopidogrel for ≤30 
days, and 42.3% received clopidogrel for >30 days (31 days median dur
ation of concomitant use of clopidogrel).61 In these patients, the benefit 
of DPI was independent of the concomitant use of clopidogrel.61

Nevertheless, the trial design allows no final conclusion on a direct 
head-to-head comparison of DPI vs DAPT after LLR. A trial directly com
paring these two intensified antithrombotic strategies in patients with 
CLTI following LLR appears to be now warranted and timely. The recent
ly initiated UK-based Clopidogrel, Aspirin, and Rivaroxaban after revascu
larization with angioplasty (CLARITY) trial (UK National Institute for 
Health and Care Research Award ID NIHR154252), which assigns pa
tients with CLTI after endovascular LLR to clopidogrel alone or to 
DAPT or to DPI, has the potential to contribute much needed data in 
this field. Beyond this trial, data from recently completed and ongoing 
trials will further elucidate knowledge on optimal antithrombotic therapy 
in the high-risk group of patients with CLTI following LLR (Table 4).

One important aspect of intensified antithrombotic regimens that 
warrants mention is the risk of bleeding, especially in frail populations, 
such as patients with CLTI. Hence, the potential reduction of MALE and 
MACE by optimized antithrombotic treatment always needs to be 
weighted against the bleeding risk. Recently published ESC guidelines 
on the management of peripheral arterial and aortic diseases recom
mend the implementation of predefined anticoagulation strategies at 
different degree when associated with an increased risk of bleeding (re
nal impairment with a glomerular filtration rate < 15 mL/min/1.73 m2, 
dialysis, acute coronary syndrome < 30 days, history of intracranial 
haemorrhage, stroke or transient ischaemic attack, active or clinically 
significant bleeding).2 These recommendations address patients with 
chronic symptomatic PAD after revascularization without specification 
for patients with CLTI.

To further specify the estimation of bleeding risk in patients with PAD 
following revascularization, the OAC3-PAD risk score was developed 
from data deriving from a large German healthcare database.62 The 
OAC3-PAD risk score, which, in the meantime, has undergone external 
validation, involves the presence of CLTI as one, among eight parameters, 
which identifies patients with PAD at risk of bleeding following LLR.63–66

In this context, it needs to be acknowledged that the OAC3-PAD risk 
score was developed for patients following LLR for PAD, and it still needs 
to be evaluated to which extent this score would allow a risk stratification 
within the high-risk group of patients with CLTI.

Beyond the primary question of the optimal antithrombotic therapy in 
patients with CLTI undergoing LLR, several gaps in evidence need to be 
addressed in future studies (Table 5). First, should antithrombotic therapy 
be tailored to the technique of endovascular LLR (atherectomy, 
drug-eluting devices, bioresorbable scaffolds)? Second, should antithrom
botic therapy be adapted depending on the anatomic site of intervention, 
such as iliac, femoropopliteal, crural arteries, or multisegmental revascu
larization? Third, are there sex-, genetic-, or ethnicity-related differences 
in the risk of systemic and limb adverse events that warrant different an
tithrombotic strategies?67 Is there a role of additional P2Y12 inhibitors, 
such as ticagrelor, in the post-revascularization phase of patients with 
CLTI? Lastly, should we design and adopt bleeding risk scores specific 
to patients with CLTI to individualize antithrombotic therapy?

The lack of good quality, adequately powered RCTs, the heterogen
eity of antithrombotic regimens investigated, and the heterogeneity 
in endpoint definitions at the present time prevent the possibility to 
perform a meta-analysis of the available studies. In its absence, this 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Gaps in evidence

Issues remaining unsolved

Optimal antithrombotic therapy in patients with chronic 
limb-threatening ischaemia undergoing lower limb revascularization

Tailored antithrombotic therapy in patients with chronic 
limb-threatening ischaemia undergoing lower limb revascularization 
depending on endovascular method of revascularization (use of 
atherectomy, drug-eluting devices, types of stents/scaffolds)

Differentiation of antithrombotic therapy in patients with chronic 
limb-threatening ischaemia undergoing lower limb revascularization 
depending on anatomy (above-the-knee, below-the-knee, 
multisegmental)

Bleeding risk scores specifically addressing patients with chronic 
limb-threatening ischaemia following lower limb revascularization

Gender and ethnicity differences in the risk of systemic events and limb 
events following lower limb revascularization for chronic 
limb-threatening ischaemia
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systematic review on antithrombotic therapy in patients with CLTI 
undergoing LLR summarizes the available data and highlights major 
gaps in evidence (Table 5).

Conclusions
In patients with CLTI following LLR, an intensified antithrombotic treat
ment should be proposed to reduce the risk of MALE and MACE. This 
systematic review highlights the lack of good quality evidence regarding 
antithrombotic therapy in patients with CLTI undergoing either surgical 
or endovascular LLR. Based on the few available randomized studies, 
mostly performed in mixed populations comprising both claudicants 
and CLTI patients, as well as on observational studies performed in 
CLTI cohorts, DAPT with aspirin and clopidogrel appears to offer ad
vantages over SAPT on ischaemic limb events. Dual pathway inhibition 
is the only regimen, for which a large RCT, which included patients with 
CLTI, demonstrated a reduction in the risk of both major limb and car
diovascular adverse events, following surgical and endovascular LLR.
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