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 43 

Abstract 44 

Objective: To critically synthesize the available evidence on perioperative antithrombotic strategies 45 

across major vascular surgical procedures, with emphasis on study design, level of evidence, and 46 

clinical applicability, and to identify persistent evidence gaps. 47 

Methods: A narrative review of the literature was performed, focusing on randomized controlled trials, 48 

large observational studies, and major registry datasets evaluating perioperative antithrombotic 49 

strategies in vascular surgery. Evidence was stratified according to procedure type, data source, and 50 

geographic origin. 51 

Results: The evidence base is overwhelmingly observational, with predominant reliance on North 52 

American registry data, particularly the Vascular Quality Initiative (VQI). No procedure-specific 53 

randomized controlled trial has directly evaluated perioperative antithrombotic strategies in major 54 

vascular surgery. Carotid endarterectomy (CEA) remains the most extensively studied procedure, 55 

although the effect of dual antiplatelet therapy (DAPT) on ischaemic outcomes is inconsistent across 56 

large datasets (e.g., VQI RR 0.80 in 125,469 patients; pooled international analyses OR 0.87 in 47,411 57 

patients), while an increased bleeding risk is consistently reported across studies. For infrageniculate 58 

prosthetic bypass, observational data suggest a potential association between direct oral anticoagulants 59 

and improved outcomes compared with warfarin; however, this signal lacks randomized or externally 60 

validated confirmation. The WAVE trial, the only large randomized study in peripheral arterial disease 61 

evaluating antithrombotic intensification, demonstrated increased bleeding without reduction in major 62 

cardiovascular events. Across vascular procedures, no randomized evidence supports routine escalation 63 

of perioperative antithrombotic therapy. 64 

Conclusion: Current evidence does not support definitive, procedure-specific recommendations for 65 

perioperative antithrombotic management in vascular surgery and should be considered hypothesis-66 

generating. The absence of randomized, procedure-targeted trials represents a major limitation in the 67 

field. Future research should prioritize high-quality prospective studies to better define risk–benefit 68 
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balance, particularly in high-risk procedures such as major amputation. A structured framework 69 

incorporating thrombotic risk, bleeding risk, and procedural factors may support individualized 70 

decision-making but requires formal validation. 71 

Keywords: perioperative; antithrombotic; vascular surgery; antiplatelet; anticoagulation; competing 72 

risks; dual antiplatelet therapy; haemorrhage; thrombosis; DOAC; confounding by indication. 73 

 74 

 75 

Highlights 76 

• Vascular surgery patients simultaneously face elevated thrombotic and haemorrhagic risks in 77 

the perioperative period. This competing risks scenario is not well-served by uniform protocols 78 

and generally requires individualized antithrombotic decision-making. 79 

• The available evidence base is driven almost entirely by observational registry data, 80 

predominantly from the North American Vascular Quality Initiative (VQI). No procedure-81 

specific randomized controlled trial has addressed the perioperative antithrombotic question in 82 

vascular surgery, and causal inference cannot be drawn from the primary data reviewed. 83 

• For carotid endarterectomy (CEA), the stroke benefit of dual antiplatelet therapy (DAPT) 84 

appears inconsistent across studies (VQI registry: RR 0.80; international systematic review: 85 

non-significant OR 0.87). The haemorrhagic risk signal is directionally consistent across all 86 

datasets and all geographies. 87 

• For prosthetic infrageniculate bypass, VQI registry data suggest DOACs may be associated 88 

with better outcomes than warfarin; this signal is hypothesis-generating and has not been 89 

confirmed by any randomized trial or European cohort. 90 

• Major amputation represents the most critical evidence gap: the population carries the highest 91 

dual-risk profile, yet prospective antithrombotic data are absent. 92 
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• A conceptual three-variable decision framework (procedure urgency, intrinsic haemorrhagic 93 

risk, individual thrombotic profile) is proposed to structure perioperative antithrombotic 94 

reasoning; prospective validation is required before clinical adoption. 95 

Introduction 96 

Patients presenting for major vascular surgery occupy one of the most demanding positions in 97 

perioperative medicine. They simultaneously carry some of the highest thrombotic risks encountered in 98 

clinical practice and face substantial haemorrhagic risk from the surgery itself. This concurrent dual-99 

risk profile, a competing risks scenario, is particularly pronounced in vascular surgery, where the near-100 

universal coexistence of advanced systemic atherosclerosis with surgical procedures carrying intrinsic 101 

bleeding hazard from calcified tissue planes, arteriotomy, systemic heparinisation, and anastomotic 102 

suturing defines the perioperative antithrombotic challenge. 103 

Approximately 10–20% of all patients chronically receiving antithrombotic therapy require a surgical 104 

procedure each year [1,2]. Among patients presenting for vascular surgery, the vast majority are already 105 

on at least one antithrombotic agent, and a growing proportion are on combination therapy [3]. 106 

Continuing these agents risks perioperative haemorrhage; interrupting them risks acute thrombosis, 107 

stroke, or limb loss. This pharmacological dilemma remains unresolved across every major vascular 108 

procedure type. 109 

Methods 110 

This narrative review synthesizes the available evidence on perioperative antithrombotic strategies in 111 

vascular surgery, with a targeted focus on major procedure types, study design, and geographic origin. 112 

The evidence base is derived almost entirely from observational registry studies, predominantly the 113 

Vascular Quality Initiative (VQI), which represents the largest contemporary source of perioperative 114 

antithrombotic outcome data in vascular surgery [4–7]. These data are inherently limited by 115 

confounding by indication, as patients receiving more intensive antithrombotic regimens are 116 

systematically at higher baseline thrombotic risk, precluding causal inference from observed 117 

associations. Randomized controlled trial (RCT) evidence specifically addressing perioperative 118 
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antithrombotic strategies in vascular surgical populations is essentially absent. The few available 119 

randomized trials in peripheral arterial disease populations, including WAVE, CHARISMA, and 120 

VOYAGER PAD, were not designed to address perioperative surgical decision-making and therefore 121 

provide only indirect contextual evidence [8–10]. Accordingly, the current literature should be 122 

interpreted as hypothesis-generating rather than practice-defining. 123 

Interpretation of the evidence is further complicated by substantial geographic asymmetry. The VQI 124 

primarily reflects North American practice patterns, where clopidogrel is the dominant antiplatelet 125 

agent, whereas ticagrelor use is more prevalent in Europe, particularly following acute coronary 126 

syndromes. Additional systematic differences exist in renal impairment prevalence, anticoagulation 127 

monitoring practices, and platelet function testing strategies. These differences limit direct 128 

transferability of effect estimates across healthcare systems. Furthermore, major guideline frameworks, 129 

including the 2023 European Society for Vascular Surgery (ESVS) Antithrombotic Guidelines [1], the 130 

2024 ESVS abdominal aortic aneurysm (AAA) Guidelines [11], the 2026 ESVS Guidelines on 131 

Descending Thoracic and Thoraco-Abdominal Aortic Diseases [12], the 2022 American College of 132 

Chest Physicians (ACCP) perioperative guideline [2], and the 2024 American Heart 133 

Association/American College of Cardiology (AHA/ACC) perioperative cardiovascular guideline [3], 134 

reflect differing methodological approaches and interpretative thresholds. Real-world practice 135 

variability is further demonstrated by a national survey of 169 German vascular surgery centres, which 136 

reported 75% non-compliance with ESVS recommendations and a complete absence of standardized 137 

institutional protocols [13]. This variability is not confined to a single healthcare system: the 138 

International ACTION survey, conducted by the European Vascular Research Collaborative and the 139 

ACTION-1 Research Collaborative among 436 vascular specialists across 45 countries, similarly 140 

documented substantial heterogeneity in peri-procedural antithrombotic management — including wide 141 

variation in heparin dosing, monitoring, and reversal strategies — together with considerable 142 

dissatisfaction with existing protocols [14]. Together, these data likely reflect both clinical uncertainty 143 

and the limited robustness of the underlying evidence base. 144 
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The literature was identified through a targeted, non-systematic search of MEDLINE, EMBASE, and 145 

the Cochrane Library from 2010 to April 2025, including landmark trials irrespective of publication 146 

date. Priority was given to randomized controlled trials, large registry-based studies, clinical practice 147 

guidelines, and high-quality systematic reviews relevant to perioperative antithrombotic management 148 

in vascular surgery. Study selection was based on clinical relevance and interpretative value rather than 149 

predefined systematic review eligibility criteria. The search and study selection were performed 150 

independently by two reviewers (L.G. and F.F.): titles and abstracts were screened against these criteria, 151 

and potentially relevant full-text articles were subsequently assessed in duplicate. Disagreements 152 

regarding study inclusion were resolved by discussion between the two reviewers and, where consensus 153 

could not be reached, adjudicated by a third senior author (M.L.R.). Studies focusing exclusively on 154 

stable outpatient peripheral arterial disease, non-vascular surgical populations, or non-perioperative 155 

contexts were excluded. Given the narrative design and heterogeneity of the available evidence, no 156 

formal meta-analysis or quantitative synthesis was performed, and no standardized risk-of-bias tool was 157 

applied; however, confounding by indication, selection bias, and geographic variability were 158 

qualitatively considered throughout interpretation. The objective of this methodological approach is to 159 

provide a clinically oriented critical synthesis of the literature rather than a comprehensive systematic 160 

review of all available evidence. 161 

Definitions and Terminology 162 

Because key terms in this field are used inconsistently across studies, the following operational 163 

definitions are applied throughout this review. 164 

Perioperative. The interval extending from preoperative planning and any antithrombotic interruption, 165 

through the intraoperative period, to the early postoperative phase, conventionally up to 30 days after 166 

surgery or until the index antithrombotic regimen is resumed, consistent with the time frame adopted in 167 

the ACCP and ESVS guidelines [1,2]. 168 

Major vascular surgery. Open or endovascular arterial reconstructive procedures, together with major 169 

lower-limb amputation, that carry substantial perioperative cardiovascular and/or haemorrhagic risk. 170 
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The procedures considered here comprise carotid endarterectomy (CEA), endovascular and thoracic 171 

endovascular aortic repair (EVAR and TEVAR), open aortic surgery, infrainguinal (peripheral) bypass, 172 

major (above- or below-knee) amputation, and urgent interventions for acute limb ischaemia (ALI). 173 

Major amputation is grouped with reconstructive procedures because, although it is not itself a 174 

revascularisation, it is performed predominantly in the same end-stage peripheral arterial disease 175 

population, shares the same dual thrombotic and haemorrhagic risk profile, frequently follows or 176 

coexists with prior vascular reconstruction (including amputation of a limb with a patent proximal 177 

bypass), and is routinely captured within vascular surgical registries; excluding it would omit one of 178 

the highest-risk and least-studied perioperative antithrombotic scenarios in the specialty. 179 

Major bleeding. In keeping with International Society on Thrombosis and Haemostasis (ISTH) and 180 

Bleeding Academic Research Consortium (BARC) criteria, fatal bleeding; symptomatic bleeding in a 181 

critical site or organ (for example intracranial haemorrhage, or a neck haematoma compromising the 182 

airway after CEA); bleeding causing a fall in haemoglobin of at least 2 g/dL or requiring transfusion of 183 

two or more units of red cells; or bleeding requiring reoperation. The primary studies cited in this review 184 

apply heterogeneous bleeding definitions, ranging from reoperation for haemorrhage to broader 185 

composite clinical endpoints, which limits their direct comparison. 186 

Thrombotic complications. Procedure-relevant arterial thrombotic and thromboembolic events, 187 

encompassing perioperative ischaemic stroke or transient ischaemic attack (TIA), myocardial infarction 188 

(MI), graft or endograft thrombosis, ALI, and the composite endpoints of major adverse cardiovascular 189 

events (MACE) and major adverse limb events (MALE). 190 

Pathophysiology of the Competing Risks Scenario 191 

Thrombotic Risk in the Vascular Patient 192 

Patients requiring major vascular surgery are almost by definition affected by advanced, systemic 193 

atherosclerosis. The underlying pathophysiology involves chronic endothelial dysfunction, subintimal 194 

lipid accumulation, platelet hyperreactivity, and persistent activation of the coagulation cascade [15,16]. 195 
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Surgical manipulation, vascular clamping, and reperfusion amplify this prothrombotic state through 196 

tissue factor release, complement cascade activation, and platelet aggregation at sites of vessel injury. 197 

Thrombotic risk is not homogeneous across procedures. In CEA, the primary threat is cerebral 198 

embolism from unstable plaque or perioperative thrombus formation, with reported stroke rates of 1.5–199 

3% in experienced centres [4]. In peripheral bypass surgery, early graft thrombosis, particularly in 200 

prosthetic conduits with poor distal runoff, drives meaningful failure rates in high-risk anatomical 201 

configurations, particularly below the knee [17]. In endovascular aortic repair, endograft thrombosis 202 

and type I/III endoleaks represent the dominant flow-related complications [18]. Acute limb ischaemia 203 

carries mortality rates of 15–20% and amputation rates up to 30% if revascularisation is substantially 204 

delayed [19]. 205 

Haemorrhagic Risk in the Perioperative Setting 206 

Major vascular surgery is intrinsically haemorrhagic. Dissection through calcified fibrotic tissue planes, 207 

systemic heparinisation, and arteriotomy with anastomotic suturing create substantial blood loss 208 

potential. When superimposed on ongoing antithrombotic therapy, these factors may produce life-209 

threatening haemorrhage. Return to theatre for bleeding after major vascular surgery has been 210 

associated with a two- to four-fold increase in 30-day mortality, prolonged intensive care unit (ICU) 211 

stay, and coagulopathy from massive transfusion in observational data [20]. 212 

The consequences of haemorrhagic complications extend beyond the immediate postoperative period 213 

in procedure-specific ways. Neck haematoma after CEA may compromise airway patency, a uniquely 214 

dangerous local consequence. Wound dehiscence following amputation through ischaemic tissue may 215 

precipitate stump revision to a higher level. Postoperative haematoma after peripheral bypass may 216 

compress and occlude the graft. These procedure-specific haemorrhagic endpoints carry clinical 217 

consequences comparable to thrombotic outcomes and merit symmetrical consideration in any evidence 218 

evaluation. 219 

The Competing Risks Concept and Its Clinical Implications 220 
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Vascular surgery occupies a high-risk zone in both dimensions simultaneously, distinguishing it from 221 

other high-stakes perioperative settings. In elective orthopaedic surgery, haemorrhagic risk is high but 222 

thrombotic risk from interrupting antithrombotic therapy is often modest. In the early post-coronary 223 

stenting period, thrombotic risk from interruption is very high but the procedure itself may carry lower 224 

haemorrhagic risk. The simultaneous elevation of both risks, combined with procedural diversity, a full 225 

urgency spectrum, and the near-total absence of procedure-specific RCT data, makes protocol-driven 226 

uniformity inadequate and individualized decision-making necessary. 227 

Three clinical subgroups carry the highest complexity and most difficult competing risk balance in this 228 

population: patients with recent coronary stenting or acute coronary syndrome (peak thrombotic risk 229 

from DAPT interruption), patients with atrial fibrillation requiring therapeutic anticoagulation 230 

(continuous anticoagulant requirement versus procedural bleeding risk), and patients with advanced 231 

renal impairment (uraemic platelet dysfunction compounding haemostatic impairment alongside direct 232 

oral anticoagulant (DOAC) accumulation risk). These subgroups are addressed explicitly in the 233 

conceptual decision-making framework and represent the clinical scenarios where the absence of RCT 234 

data is most consequential. 235 

Results: Evidence by Procedure Type 236 

Carotid Endarterectomy 237 

Carotid endarterectomy is the most extensively studied vascular procedure regarding perioperative 238 

antithrombotic management. Despite this, the evidence remains conflicting and derives almost entirely 239 

from observational data. The central tension is between two datasets that point in different directions 240 

for stroke benefit while agreeing on the direction of haemorrhagic harm. 241 

The Stroke Benefit Signal: Divergent and Uncertain 242 

The two principal evidence sources offer incompatible stroke signals. The largest available dataset, a 243 

VQI registry analysis of 125,469 CEA procedures (2010–2021) [4], found DAPT associated with a 20% 244 

relative reduction in in-hospital stroke compared with aspirin monotherapy. An earlier VQI cohort 245 
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covering 2003–2014 reported an even larger apparent stroke reduction of approximately 40%, though 246 

accompanied by nearly doubling of reoperation for bleeding [21]. By contrast, a 2022 EJVES 247 

international systematic review and meta-analysis (n=47,411; 11 studies; lead institution University of 248 

Toronto, Canada) found no statistically significant stroke reduction with DAPT [22]. A German 249 

national statutory quality assurance registry analysis of 117,973 CEA procedures similarly found no 250 

significant additional stroke benefit from DAPT [23]. 251 

This divergence between North American and international datasets is not straightforwardly resolved 252 

by pooling. VQI cohorts include a larger proportion of patients with recent coronary stenting or acutely 253 

symptomatic carotid disease, the subgroup where DAPT benefit may be genuine; European datasets 254 

may include more elective, lower-risk patients where the incremental benefit of DAPT over aspirin 255 

monotherapy appears less evident. Antiplatelet agent differences (ticagrelor versus clopidogrel) may 256 

also modify observed effects. The appropriate interpretation is that the stroke benefit of DAPT for CEA 257 

is uncertain overall and likely heterogeneous across patient subgroups. 258 

The Haemorrhagic Risk Signal: Consistent and Directional 259 

Unlike the stroke signal, the haemorrhagic risk signal is directionally consistent across all available 260 

analyses and across both European and North American data. The large VQI registry analysis reported 261 

a 60% relative increase in bleeding complications with DAPT (RR 1.6, 95% CI 1.4–1.8) [4]. The 262 

international systematic review found significantly higher reoperation for haemorrhage (OR 1.98, 95% 263 

CI 1.77–2.23) and neck haematoma (OR 2.79, 95% CI 1.87–4.18) with DAPT [22]. The Dutch DACI 264 

national registry analysis found no statistically significant overall difference between DAPT and single 265 

antiplatelet therapy (SAPT) in this population, though numerically higher bleeding rates were observed 266 

with DAPT; the authors recommended SAPT at the time of CEA with DAPT reserved for the post-267 

acute stroke period, a direction consistent with the haemorrhagic signal from other datasets [24]. A 268 

single-centre European cohort identified DAPT as an independent risk factor for perioperative 269 

haemorrhage on multivariate analysis [25]. A large VQI registry-derived risk score analysis 270 

(n=192,547) confirmed DAPT as independently associated with reoperation for bleeding (adjusted OR 271 
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1.51) and found that patients returning to theatre for bleeding experienced significantly higher rates of 272 

30-day mortality and other adverse events [26]. 273 

The asymmetry between evidence quality for the two endpoints, uncertain and inconsistent for stroke 274 

benefit; directionally consistent and robust for haemorrhagic harm, represents the most clinically 275 

important finding from the CEA antithrombotic literature. This asymmetry supports restricting DAPT 276 

to the highest-risk thrombotic subgroups, where the potential thrombotic benefit may more plausibly 277 

outweigh the consistent haemorrhagic cost. 278 

Pragmatic Approaches, Long-Term Effects, and Guideline Position 279 

A sequential antithrombotic strategy, consisting of aspirin monotherapy in the preoperative period 280 

followed by early postoperative transition to dual antiplatelet therapy (DAPT), has been evaluated in a 281 

multicenter cohort of 821 patients and was associated with a combined stroke/death rate of 1.6% with 282 

an acceptable haemorrhagic profile, although this remains non-randomized and requires prospective 283 

validation before routine adoption [27]. In addition, a retrospective cohort study reported that DAPT 284 

was associated with significantly reduced late restenosis after carotid endarterectomy (adjusted OR 285 

0.48, 95% CI 0.30–0.76), without a corresponding reduction in reintervention rates, suggesting a 286 

potential morphological effect that has not translated into clear clinical benefit [28]. Current European 287 

Society for Vascular Surgery (ESVS) 2023 Guidelines recommend continuation of aspirin monotherapy 288 

in most patients undergoing carotid endarterectomy, reserving DAPT for patients with recent coronary 289 

stenting or acutely symptomatic carotid disease within two weeks of presentation [1]. This strategy 290 

appropriately concentrates intensified antiplatelet therapy in the subgroup with the highest thrombotic 291 

risk, where haemorrhagic trade-offs may be more acceptable, while reflecting the consistent safety 292 

signal observed across observational datasets. 293 

Overall, the evidence base remains entirely observational, with no randomized controlled trials 294 

specifically addressing perioperative antiplatelet strategies in carotid endarterectomy. The available 295 

data demonstrate an inconsistent effect of DAPT on stroke prevention across large studies, including a 296 

VQI registry analysis of 125,469 patients reporting a relative risk reduction in stroke (RR 0.80), 297 
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contrasted with an international systematic review including 47,411 patients showing no statistically 298 

significant effect (OR 0.87). By contrast, the haemorrhagic risk associated with DAPT is consistently 299 

observed across all major datasets and analytical approaches, including increased bleeding in the VQI 300 

registry (RR 1.6), higher reoperation for bleeding (OR 1.98), increased neck haematoma (OR 2.79) in 301 

pooled analyses, and an independent association with reoperation in a large VQI-derived risk score 302 

cohort (n=192,547; adjusted OR 1.51) [4,22,26]. Across geographies and study designs, the 303 

haemorrhagic signal is more stable and reproducible than the thrombotic benefit signal, and all available 304 

evidence is subject to confounding by indication inherent to observational data. As a result, the overall 305 

interpretation is that DAPT may confer a subgroup-dependent and context-specific stroke benefit, but 306 

this remains uncertain, whereas the bleeding risk signal is consistent and likely generalizable across 307 

populations. 308 

EVAR and TEVAR 309 

EVAR: Postoperative Antithrombotic Therapy 310 

Endovascular aortic repair presents a distinct antithrombotic challenge: the procedure is less 311 

haemorrhagic than open aortic surgery, but the implanted endograft creates a thrombogenic surface and 312 

may coexist with underlying atrial fibrillation or other anticoagulation indications. 313 

A retrospective cohort of 616 consecutive EVAR patients found no significant difference in major 314 

adverse cardiovascular events between SAPT, anticoagulation, or DAPT at approximately four years 315 

[29], suggesting limited incremental benefit from antithrombotic intensification in unselected patients. 316 

A separate retrospective cohort found chronic anticoagulation post-EVAR associated with higher 317 

incidence of endoleak and reintervention at five years [30]. A 2022 EJVES systematic review and meta-318 

analysis concluded that the overall certainty of evidence is very low; neither antiplatelet therapy nor 319 

anticoagulation has demonstrated meaningful clinical benefit in unselected EVAR patients, and 320 

anticoagulants may be associated with higher mortality [31]. These findings are hypothesis-generating. 321 

SAPT with aspirin remains the pragmatic default for unselected EVAR patients, though it is not 322 

evidence-validated. For patients with concurrent atrial fibrillation (AF), anticoagulation for the AF 323 
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indication should not be withdrawn on the basis of these observational data without individualized 324 

assessment. 325 

TEVAR: Specific Considerations 326 

Thoracic endovascular aortic repair introduces specific complexity: endograft proximity to spinal cord 327 

arteries creates a competing risk between antithrombotic therapy and spinal cord ischaemia 328 

management. The 2026 ESVS Guidelines on Descending Thoracic and Thoraco-Abdominal Aortic 329 

Diseases recommend individualized perioperative anticoagulation management with explicit 330 

integration of spinal cord protection protocols [12]. Evidence for TEVAR-specific antithrombotic 331 

protocols is limited to expert consensus, and individualized clinical judgment is correspondingly 332 

prominent in this procedure type. 333 

Ruptured AAA 334 

In ruptured AAA, haemorrhagic control is the overriding priority. The ESVS 2024 Guidelines 335 

recommend deferring systemic heparin until after repair has achieved haemostasis, with postoperative 336 

deep vein thrombosis (DVT) prophylaxis initiated once coagulopathy has resolved [11]. When ruptured 337 

AAA presents in a patient anticoagulated with warfarin, reversal with 4-factor prothrombin complex 338 

concentrate (4F-PCC; 25–50 IU/kg INR-guided, target INR <1.5) is recommended; vitamin K 10 mg 339 

IV should be co-administered for sustained effect, with reversal onset within 15–30 minutes. 340 

Peripheral Bypass Surgery 341 

The question of optimal anticoagulation for peripheral bypass has been reshaped by the introduction of 342 

DOACs, but the available evidence must be assessed with rigorous geographic and methodological 343 

contextualization. Conduit type, prosthetic versus autologous vein, is an important modifier that the 344 

evidence does not yet adequately address. 345 

Landmark RCT Evidence: The Cautionary Context 346 

Before reviewing registry-derived DOAC data, the foundational RCT evidence provides an important 347 

cautionary context against antithrombotic intensification without clear benefit. 348 
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The WAVE trial (n=2,161 PAD patients) demonstrated that adding warfarin to antiplatelet therapy did 349 

not reduce the composite of cardiovascular death, MI, or stroke compared with antiplatelet therapy 350 

alone, while significantly increasing life-threatening bleeding, an absolute increase of 2.8 percentage 351 

points (4.0% versus 1.2%; RR 3.41, p<0.001) [8]. The CHARISMA trial (n=15,603) found that long-352 

term DAPT did not reduce MACE compared with aspirin alone in a PAD and atherothrombosis 353 

population, while significantly increasing clinically significant bleeding [9]. Together, these trials 354 

suggest that antithrombotic intensification in unselected PAD populations consistently increases 355 

haemorrhagic risk without demonstrating clear thrombotic benefit. 356 

The COMPASS PAD substudy (n=7,470 PAD patients) [32] and VOYAGER PAD trial (n=6,564 357 

patients after lower extremity revascularization) [10] demonstrated that low-dose rivaroxaban (2.5 mg 358 

twice daily) plus aspirin reduced ischaemic limb and cardiovascular events compared with aspirin alone, 359 

at the cost of increased major bleeding without a significant increase in fatal or critical organ bleeding. 360 

VOYAGER PAD is the most directly analogous RCT to the post-bypass perioperative context. These 361 

findings suggest that low-dose rivaroxaban plus aspirin may be associated with net benefit in carefully 362 

selected patients after revascularization, though the balance between ischaemic benefit and 363 

haemorrhagic risk must be considered individually. 364 

DOACs vs. Warfarin: VQI Registry Evidence and Historical Context 365 

Three VQI registry analyses constitute the principal contemporary evidence comparing DOACs with 366 

warfarin in patients undergoing infrainguinal bypass surgery, and should be interpreted as hypothesis-367 

generating given their observational design and absence of randomization. In a large VQI analysis of 368 

infrageniculate bypass procedures (n=2,786; 2007–2020), discharge prescription of DOACs was 369 

associated with improved overall survival and graft patency compared with warfarin [5]. A subsequent 370 

analysis focusing on prosthetic conduits (n=1,571) reported associations between DOAC use and lower 371 

risk of mortality (HR 0.61), loss of patency (HR 0.70), and major amputation (HR 0.71) [6]. A further 372 

observational study suggested shorter hospital length of stay and reduced transfusion requirements in 373 

patients discharged on DOACs [7]. Historically, a Cochrane systematic review of 14 randomized trials 374 

in infrainguinal arterial bypass suggested better vein graft patency with vitamin K antagonists compared 375 
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with antiplatelet therapy; however, these studies pre-date the DOAC era and are of variable 376 

methodological quality [33]. By contrast, a European retrospective cohort of below-knee autologous 377 

vein bypasses found no significant differences in graft patency between DOAC- and warfarin-treated 378 

patients, indicating limited external generalizability of the North American registry signals across 379 

conduit types and healthcare systems [34]. 380 

These associations are likely driven in part by residual confounding and treatment selection bias, as 381 

patients receiving DOACs may represent a lower-risk, more contemporary population treated in higher-382 

volume centres with standardized perioperative pathways, with prescribing patterns potentially 383 

reflecting institutional practice quality rather than pharmacologic superiority. Randomized controlled 384 

trial evidence specific to the perioperative bypass setting is lacking. In peripheral arterial disease 385 

populations, the WAVE trial demonstrated that anticoagulation intensification increases life-386 

threatening bleeding without reduction in major cardiovascular events [8], whereas the VOYAGER 387 

PAD trial showed that low-dose rivaroxaban plus aspirin reduces ischaemic limb and cardiovascular 388 

events after lower extremity revascularization, at the cost of increased bleeding [10]. These trials 389 

provide important contextual evidence for antithrombotic intensity but do not directly address bypass-390 

specific perioperative management. Taken together, the available data suggest a possible benefit signal 391 

for DOACs in prosthetic bypass grafts that remains unconfirmed in randomized or European studies, 392 

with conduit type, indication for anticoagulation, and baseline patient risk likely acting as key modifiers 393 

of observed effects. 394 

Major Amputation 395 

Major amputation represents the final stage of peripheral arterial disease and is paradoxically both one 396 

of the most common major vascular surgery procedures and one of the most poorly studied from an 397 

antithrombotic perspective. Patients arriving for major amputation are systematically underrepresented 398 

in most vascular surgery registries. 399 

Patient Profile and High-Risk Subgroup Complexity 400 
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Patients presenting for major amputation typically represent the most medically complex subgroup 401 

within vascular surgery: residual antithrombotic therapy from multiple prior interventions, frequently 402 

impaired renal function, compromised nutritional status, and ischaemic wound beds with poor healing 403 

capacity. Three subgroups carry particularly complex competing risk profiles. 404 

Patients with atrial fibrillation, highly prevalent in this elderly, multi-morbid population, require 405 

continuous therapeutic anticoagulation while facing substantial wound-level haemorrhagic risk from 406 

amputation. The timing and dose of anticoagulation resumption after amputation in this subgroup is 407 

entirely unanswered by prospective data. 408 

Patients with residual patent bypasses proximal to the amputation level require continued 409 

anticoagulation for graft patency while simultaneously facing amputation wound haemorrhagic risk. 410 

How to balance these competing requirements in the immediate post-amputation period is a clinically 411 

important and unanswered question. 412 

Patients with significant renal impairment (estimated glomerular filtration rate [eGFR] <30 mL/min) 413 

present uraemic platelet dysfunction compounding haemostatic impairment, alongside DOAC 414 

accumulation risk requiring dosing adjustment or avoidance of renally eliminated agents. 415 

Procedure-Specific Haemorrhagic Risks 416 

Major amputation involves wide-field soft tissue dissection through ischaemic, poorly vascularized 417 

tissue. Wound dehiscence and stump haematoma are common and carry disproportionate consequences: 418 

in a limb with impaired healing capacity, a wound complication may delay prosthetic fitting, expose 419 

underlying bone to infection, and require revision to a higher amputation level. These outcomes 420 

represent a dimension of haemorrhagic risk not captured in standard composite bleeding endpoints used 421 

in most vascular surgery registries. 422 

Current Evidence and Practice 423 

There are no prospective randomized or controlled studies specifically addressing perioperative 424 

antithrombotic management in major amputation, and the available literature is entirely observational 425 
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or consensus-driven. Practice survey data indicate that management is largely empirical: aspirin is 426 

generally continued perioperatively, clopidogrel is typically discontinued approximately five days 427 

before surgery in most centres, and anticoagulants are managed according to the underlying indication 428 

rather than any amputation-specific protocol [13]. A single prospective registry-based cohort has begun 429 

to characterize postoperative cardiac risk following major amputation [35], representing the only 430 

prospective dataset in this population, although its focus is on risk stratification rather than 431 

antithrombotic strategy. In this context, major amputation emerges as the most under-investigated 432 

procedure in vascular surgery with respect to perioperative antithrombotic management. 433 

This absence of evidence is particularly relevant given that the population undergoing major amputation 434 

concentrates the highest competing-risk burden in vascular surgery. Patients with atrial fibrillation 435 

requiring therapeutic anticoagulation, those with residual proximal bypass grafts dependent on 436 

anticoagulation for patency, and those with advanced renal impairment represent three clinically 437 

important subgroups in whom antithrombotic decision-making is especially complex, yet none are 438 

specifically addressed by existing prospective data. As a result, perioperative strategies in these patients 439 

remain entirely extrapolated from non-amputation populations and general perioperative principles. 440 

This represents a critical evidence gap in the field, as no targeted prospective cohorts, randomized 441 

studies, or registry substudies have yet been designed to evaluate antithrombotic interruption, 442 

continuation, or resumption strategies in the context of major amputation. 443 

Vascular Emergencies: Acute Limb Ischaemia and Reversal Agent Considerations 444 

Acute Limb Ischaemia: Initial Antithrombotic Management 445 

Acute limb ischaemia requires antithrombotic decisions under time pressure, often with incomplete 446 

information about the patient’s baseline therapy. ALI is caused by arterial embolism (30–46% of cases), 447 

in-situ thrombosis (24–40%), graft thrombosis (approximately 20%), or popliteal aneurysm thrombosis 448 

(approximately 5%) [36]. The recently published PROMOTE-ALI study, a prospective multicentre 449 

observational cohort conducted by the European Vascular Research Collaborative, has further 450 

characterized contemporary ALI presentation, management, and outcomes, underscoring persistently 451 
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high rates of death and major amputation and identifying factors associated with loss of amputation-452 

free survival [37]. Intravenous unfractionated heparin (UFH) is the cornerstone of initial management, 453 

recommended by ESVS 2023 Guidelines for all patients with suspected ALI planned for urgent 454 

intervention, pending formal Rutherford staging [1]. UFH is generally preferred over low molecular 455 

weight heparin (LMWH) in the acute setting because it allows rapid reversal with protamine and dose 456 

titration via activated partial thromboplastin time (APTT) monitoring. 457 

Reversal Agents in Vascular Emergencies 458 

Three specific reversal agents are clinically relevant in vascular emergencies and must feature in 459 

institutional preparedness protocols, as their availability varies substantially across European hospitals. 460 

Idarucizumab (5 g IV in two sequential vials) provides dabigatran reversal within minutes, with a 461 

duration of approximately 24 hours; re-heparinisation is immediately possible following reversal. 462 

Andexanet alfa reverses Factor Xa inhibitors (rivaroxaban, apixaban) via weight- and dose-dependent 463 

IV bolus/infusion. European Medicines Agency (EMA) approval has not translated into universal 464 

formulary availability across European hospitals due to acquisition cost. A clinically important post-465 

reversal thrombotic rebound risk warrants monitoring. 466 

4-Factor Prothrombin Complex Concentrate (4F-PCC; 25–50 IU/kg INR-guided) is the standard for 467 

warfarin reversal, with target INR <1.5; onset within 15–30 minutes; vitamin K 10 mg IV co-468 

administered for sustained effect. 469 

In life-threatening vascular emergencies, surgery without full reversal may be preferable to delays 470 

awaiting unavailable agents. No prospective data exist on the optimal DOAC–UFH interaction 471 

sequence in ALI; post-intervention antithrombotic regimen following ALI revascularisation is entirely 472 

consensus-based. 473 

Geographic Asymmetry of the Evidence Base and Real-World Practice Variability 474 

Two features of the current evidence base bear directly on its interpretation. First, most high-volume 475 

perioperative antithrombotic datasets originate from North American registries, particularly the VQI, 476 
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whereas European antiplatelet selection and perioperative pathways differ, so registry-derived effect 477 

estimates may not transfer directly across healthcare systems. Second, real-world implementation is 478 

highly variable: surveys of both German centres and the wider international vascular community 479 

document frequent deviation from guideline recommendations and an absence of standardized 480 

institutional protocols [13,14], while VQI analyses of infrainguinal bypass reveal centre-level 481 

heterogeneity in antithrombotic prescribing that is only partially explained by patient or conduit 482 

characteristics [5–7]. Taken together, these observations indicate that registry-derived estimates should 483 

be regarded as context-dependent rather than universally generalisable. 484 

Evidence Summary 485 

The evidence base for perioperative antithrombotic management in vascular surgery is characterized by 486 

three consistent structural features across procedures. 487 

First, the literature is dominated by observational registry data, primarily from North American sources, 488 

with very limited randomized controlled trial evidence directly addressing perioperative surgical 489 

contexts. As a result, all reported associations should be interpreted as hypothesis-generating rather than 490 

causal. 491 

Second, across all vascular procedures, a consistent asymmetry is observed between thrombotic and 492 

haemorrhagic endpoints. While estimates of thrombotic benefit vary substantially across studies and 493 

populations, bleeding risk signals associated with intensified antithrombotic therapy are more 494 

consistently directionally concordant across datasets and geographic settings. 495 

Third, evidence certainty declines systematically with procedural urgency and complexity. Elective 496 

carotid and infrainguinal procedures are supported by the largest observational datasets, whereas 497 

endovascular aortic interventions rely on lower-certainty evidence, and major amputation and vascular 498 

emergencies are largely informed by consensus-based practice. 499 

These patterns are synthesized in Figure 1, which illustrates the procedural hierarchy of evidentiary 500 

certainty, and in Table 1, which summarizes procedure-specific findings and gaps. Together, these 501 
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elements define a structured interpretive framework used throughout this review and highlight the 502 

progressive shift from data-informed to consensus-driven decision-making in vascular surgery. 503 

 504 

A Conceptual Framework for Perioperative Antithrombotic Decision-Making 505 

Perioperative antithrombotic management in vascular surgery cannot be standardized across procedures 506 

or patient groups. The available evidence supports a structured, risk-stratified approach based on three 507 

interacting determinants: procedure urgency, intrinsic haemorrhagic risk, and individual thrombotic risk 508 

profile. 509 

Procedure urgency defines the time window available for modification of antithrombotic therapy, 510 

ranging from elective surgery, where planned interruption or bridging strategies can be implemented, 511 

to emergency vascular scenarios in which immediate haemostatic control supersedes pharmacological 512 

optimization [1–3]. 513 

Intrinsic haemorrhagic risk is primarily procedure-dependent. Endovascular interventions generally 514 

confer lower bleeding risk, whereas open aortic surgery, major amputation, and ruptured vascular 515 

emergencies carry substantially higher haemorrhagic burden [11,12]. 516 

Individual thrombotic risk is driven by patient-level factors, including recent coronary stenting, acute 517 

limb ischaemia, mechanical heart valves, atrial fibrillation, and advanced peripheral arterial disease [8–518 

10,32]. 519 

Within this three-axis framework, perioperative decisions should be individualized and 520 

multidisciplinary, particularly in patients with competing high-risk features. The model is intended to 521 

formalize risk visibility rather than prescribe fixed therapeutic pathways. 522 

Discussion 523 

The principal finding of this review is the marked limitation of the current evidence base, which is 524 

dominated by observational registry data and lacks procedure-specific randomized controlled trials. 525 

Within this context, observed associations should be interpreted as descriptive rather than causal. The 526 
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divergence seen in carotid endarterectomy between studies suggesting potential stroke reduction with 527 

dual antiplatelet therapy and those showing no benefit likely reflects differences in case selection, 528 

procedural urgency, and regional practice patterns rather than true biological disagreement. Importantly, 529 

the haemorrhagic risk signal associated with dual antiplatelet therapy is more consistent across datasets 530 

and populations [4,22–26]. 531 

In peripheral arterial disease and infrainguinal bypass, randomized evidence from unselected PAD 532 

populations demonstrates that intensification of antithrombotic therapy increases bleeding risk without 533 

clear overall cardiovascular benefit [8,9]. Registry-based signals suggesting improved outcomes with 534 

direct oral anticoagulants in selected bypass populations [5–7] remain unconfirmed in randomized 535 

settings and should be interpreted cautiously in light of inherent selection effects. 536 

Overall, the evidence supports the concept that the net benefit of antithrombotic intensification is highly 537 

context-dependent, varying according to procedure type and patient risk profile, and cannot be 538 

generalized across vascular surgical populations. 539 

The Role of Survey and Secondary Data 540 

This review has included practice survey data and has limited their interpretive weight to characterizing 541 

practice heterogeneity and guideline non-compliance. Survey data describe prescribing patterns; they 542 

do not constitute clinical evidence supporting or refuting antithrombotic strategies. Similarly, secondary 543 

sources including narrative reviews and expert consensus documents have been used as contextual 544 

sources, not as primary evidence for clinical effect estimates. 545 

Future Research Priorities 546 

Randomized controlled trials. No procedure-specific RCT addresses the perioperative antithrombotic 547 

question in vascular surgery. Adaptive platform or Bayesian adaptive designs may address reluctance 548 

to randomize when one arm involves interrupting protective therapy. Priority populations include CEA 549 

patients on DAPT for recent acute coronary syndrome (ACS), prosthetic bypass patients comparing 550 

DOAC versus warfarin, and major amputation patients on DOACs or dual antithrombotic therapy. 551 
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Prospective international registries. Coordinated ESVS–SVS (Society for Vascular Surgery) 552 

prospective registry collaboration, with standardized data collection on antithrombotic agent, dose, 553 

timing of last preoperative administration, intraoperative anticoagulation, reversal agent use, and 554 

resumption timing, would substantially advance this field. Specific substudies should target major 555 

amputation populations. 556 

Prospective validation of the decision framework. The three-variable framework proposed in this 557 

review requires prospective validation: apply the framework at preoperative decision-making, 558 

document actual decisions and deviations, record 30-day and one-year thrombotic and haemorrhagic 559 

outcomes, and assess interrater reliability of variable classification. 560 

Point-of-care biomarker panels. Standard risk scores (HAS-BLED, CHA₂DS₂-VASc) were 561 

developed in non-surgical populations. Multicenter validation of point-of-care panels incorporating 562 

thromboelastography (TEG/ROTEM), platelet function assays (VerifyNow), and thrombin generation 563 

assays may enable real-time individualized assessment of the competing risks profile. 564 

Limitations 565 

This review has several limitations that should be acknowledged. The underlying literature is highly 566 

heterogeneous with respect to study design, patient populations, definitions of antithrombotic exposure, 567 

and outcome reporting, particularly for bleeding endpoints, which vary from reoperation to composite 568 

clinical measures [4,22–26]. The evidence base is dominated by retrospective observational studies, 569 

primarily derived from large registries [4–7], and is therefore subject to confounding by indication and 570 

residual confounding despite multivariable adjustment. A substantial proportion of available data 571 

originates from a single North American registry [4], which may limit generalizability to European and 572 

other healthcare systems due to differences in antithrombotic practice patterns, perioperative pathways, 573 

and patient characteristics [13]. In addition, important perioperative variables such as timing of drug 574 

interruption and resumption, intraoperative anticoagulation management, and use of reversal agents are 575 

inconsistently reported or absent [11,12], limiting interpretability and clinical translation. Finally, the 576 

narrative design of this review introduces the potential for selection and interpretive bias, as study 577 
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inclusion was based on clinical relevance rather than formal systematic review methodology. These 578 

limitations reinforce the observational and hypothesis-generating nature of the available evidence. 579 

Conclusions 580 

Perioperative antithrombotic management in vascular surgery remains an area of substantial evidence 581 

uncertainty, dominated by observational data and lacking procedure-specific randomized trials. As a 582 

result, causal inference is not currently possible, and clinical recommendations must rely on contextual 583 

risk interpretation rather than standardized protocols. 584 

Across procedures, the effect of antithrombotic intensification is inconsistent or unproven, while 585 

bleeding risk signals are more stable and reproducible. In carotid endarterectomy, dual antiplatelet 586 

therapy shows a consistent increase in bleeding without a clearly established stroke benefit. In 587 

peripheral arterial disease, randomized trials show harm in unselected populations, while registry 588 

signals for direct oral anticoagulants remain hypothesis-generating. Major amputation represents the 589 

most significant evidence gap in the field. 590 

Clinical decision-making should therefore remain individualized, explicitly risk-balanced, and 591 

procedure-specific until randomized evidence becomes available. 592 

TAKE-HOME MESSAGES 593 

◆ Carotid Endarterectomy 594 

• Dual antiplatelet therapy (DAPT) is associated with a consistent increase in bleeding 595 

complications, while stroke benefit remains inconsistent and likely subgroup-dependent. 596 

• Aspirin monotherapy remains the default perioperative regimen for most patients undergoing 597 

CEA. 598 

• DAPT should be restricted to high thrombotic risk scenarios (e.g., recent coronary stenting or 599 

acute cerebrovascular presentation). 600 

◆ EVAR / TEVAR 601 
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• For unselected EVAR patients, no antithrombotic intensification strategy has demonstrated 602 

clear clinical benefit in observational or RCT-derived evidence. 603 

• Single antiplatelet therapy is a pragmatic default approach, unless a separate systemic 604 

indication for anticoagulation exists (e.g., atrial fibrillation). 605 

• In TEVAR, antithrombotic management must be individualized and integrated with spinal 606 

cord protection strategies, given the absence of procedure-specific evidence. 607 

◆ Peripheral Bypass Surgery 608 

• RCT evidence in PAD does not support routine antithrombotic intensification due to 609 

increased bleeding without consistent cardiovascular benefit (WAVE, CHARISMA). 610 

• Low-dose rivaroxaban plus aspirin (VOYAGER PAD regimen) may be beneficial after 611 

revascularization in selected patients, but perioperative applicability remains uncertain. 612 

• Observational signals suggesting DOAC superiority over warfarin in bypass surgery are 613 

hypothesis-generating only and not practice-defining. 614 

◆ Major Amputation 615 

• There is a complete absence of procedure-specific prospective evidence guiding perioperative 616 

antithrombotic management in major amputation. 617 

• Antithrombotic therapy should generally be managed according to the underlying indication 618 

(AF, graft patency, PAD stage) rather than the amputation procedure itself. 619 

• Patients with combined AF, prosthetic grafts, or severe renal impairment represent the 620 

highest-risk and least-evidence-supported subgroup. 621 

◆ Acute Limb Ischaemia & Emergencies 622 

• Intravenous unfractionated heparin remains the standard initial therapy for ALI prior to 623 

revascularization, unless contraindicated. 624 

• DOAC reversal (idarucizumab, andexanet alfa, PCC) should be protocol-driven and 625 

immediately available in vascular emergency pathways. 626 
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• In life-threatening vascular emergencies, delaying surgery for full anticoagulation reversal 627 

may be harmful; rapid intervention often takes precedence. 628 

◆ Global Principle 629 

• Across all vascular procedures, the net clinical effect of antithrombotic intensification is 630 

highly context- and patient-dependent. 631 

• Bleeding risk signals are generally more consistent and reproducible than thrombotic benefit 632 

signals across observational datasets. 633 

• No procedure-specific randomized controlled trial currently exists; therefore, all strategies 634 

remain individualized and non-definitive. 635 
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Figure Legends 754 

Figure 1. Evidence hierarchy across major vascular surgical procedures. Procedures are stratified 755 

according to evidence source, study design, and inferential certainty. Observational data dominate 756 

across all domains, with decreasing evidence strength from elective carotid and peripheral bypass 757 

surgery to endovascular aortic procedures and complete evidence gaps in major amputation and 758 

vascular emergencies. Bleeding risk signals are more consistent across datasets than thrombotic benefit 759 

signals. Abbreviations: AAA, abdominal aortic aneurysm; EVAR, endovascular aortic repair; 760 

RCT, randomised controlled trial; SR, systematic review; TEVAR, thoracic endovascular aortic 761 

repair; VQI, Vascular Quality Initiative. 762 

Table Legends 763 

Table 1. Evidence summary by procedure type. Evidence levels are assigned using an adapted CEBM 764 

framework for descriptive purposes only. All evidence is subject to the overarching interpretive position 765 

established in the introduction: available findings are hypothesis-generating rather than practice-766 

defining in the absence of procedure-specific RCT data. 767 

Table 2. Conceptual framework intended to structure perioperative antithrombotic reasoning. The table 768 

is not a treatment algorithm and should not be interpreted as a substitute for formal guideline 769 

recommendations or individualized multidisciplinary decision-making. 770 Jo
urn
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Table 1. Evidence summary by procedure type. Evidence levels are assigned using an adapted CEBM 

framework for descriptive purposes only. All evidence is subject to the overarching interpretive position 

established in the introduction: available findings are hypothesis-generating rather than practice-defining in 

the absence of procedure-specific RCT data. 

Procedure Evidence Level Geographic 

Origin 
Principal Findings Evidence Gap 

CEA IIa–IIb (observational) NA (VQI) + 

International 

systematic 

review 

DAPT stroke benefit: 

inconsistent (VQI RR 0.80 

vs. international systematic 

review non-significant OR 

0.87). Haemorrhagic risk: 

directionally consistent 

(RR 1.6 bleeding; OR 1.98 

reoperation; OR 2.79 neck 

haematoma). Dutch DACI: 

no significant DAPT vs. 

SAPT difference. 

No RCT. Divergent 

stroke signal. DAPT 

benefit uncertain 

overall; may be 

subgroup-specific. 

EVAR IIb–III (observational, 

very low certainty) 
Mixed 

(predominantly 

European) 

SAPT likely sufficient for 

unselected patients. 

Anticoagulation may 

increase endoleak risk 

(low certainty, hypothesis-

generating). 

No RCT. Endoleak 

mechanism 

uncertain. Complex 

anatomy subgroups 

unstudied. 

TEVAR III–IV (expert consensus) Expert 

consensus 
Individualized approach 

required. Spinal cord 

protection protocols must 

be explicitly integrated. 

No prospective data. 

Optimal agent, dose, 

and duration 

undefined. 

Peripheral 

bypass 

(prosthetic) 

IIb (observational, VQI) + 

RCT context (VOYAGER 

PAD) 

NA (VQI) + 

International 

RCTs 

DOACs may be associated 

with better outcomes than 

warfarin (VQI, n=1,571–

2,786). WAVE trial: 

combination therapy 

substantially increases 

haemorrhagic risk without 

MACE benefit (RCT, 

n=2,161). VOYAGER 

PAD: rivaroxaban + 

aspirin reduces events after 

revascularization (RCT, 

n=6,564). 

No perioperative-

specific RCT. No 

European data 

confirming VQI 

DOAC advantage. 

Effect may be 

conduit-type 

specific. 

Peripheral 

bypass 

(autologous 

vein) 

IIb–III (limited 

observational) 
Mixed VKA historically 

associated with better 

venous graft patency 

(Cochrane, 14 RCTs). 

European cohort: no 

significant DOAC vs. 

warfarin patency 

difference. 

Single European 

cohort. Cochrane 

data pre-date DOAC 

era. 

Major 

amputation 
IV (survey/empirical) Survey only All management is 

empirical. Aspirin 

typically continued; 

clopidogrel suspended 5 

days preoperatively; 

No prospective data. 

Highest dual-risk 

profile; most 

underrepresented in 

evidence base. 
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Procedure Evidence Level Geographic 

Origin 
Principal Findings Evidence Gap 

anticoagulants managed by 

underlying indication. 

Acute limb 

ischaemia 
IIb–III 

(observational/consensus) 
Mixed UFH recommended for all 

patients planned for 

intervention. Reversal 

agents (idarucizumab, 

andexanet alfa) for 

DOAC-anticoagulated 

patients. 

No prospective 

DOAC–UFH 

interaction data. 

Post-intervention 

antithrombotic 

regimen undefined. 

Ruptured 

AAA 
III 

(observational/guideline) 
Mixed Defer systemic 

anticoagulation until 

haemostasis achieved. 

Warfarin reversal with 4F-

PCC (INR target <1.5). 

Reversal agent 

availability variable. 

Optimal heparin 

protocols for EVAR 

of ruptured AAA 

undefined. 

Abbreviations: 4F-PCC, four-factor prothrombin complex concentrate; AAA, abdominal aortic aneurysm; CEA, carotid 

endarterectomy; CEBM, Centre for Evidence-Based Medicine; DACI, Dutch Audit for Carotid Interventions; DAPT, dual antiplatelet 

therapy; DOAC, direct oral anticoagulant; EVAR, endovascular aortic repair; INR, international normalised ratio; MACE, major 

adverse cardiovascular events; NA, not applicable; OR, odds ratio; PAD, peripheral arterial disease; RCT, randomised controlled 

trial; RR, relative risk; SAPT, single antiplatelet therapy; TEVAR, thoracic endovascular aortic repair; UFH, unfractionated heparin; 

VKA, vitamin K antagonist; VQI, Vascular Quality Initiative; WAVE, Warfarin Antiplatelet Vascular Evaluation. 
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Table 2. Conceptual framework intended to structure perioperative antithrombotic reasoning. The table is not 

a treatment algorithm and should not be interpreted as a substitute for formal guideline recommendations or 

individualized multidisciplinary decision-making. 

Variable Lower Risk Intermediate Risk Higher Risk 

Procedure 

urgency 
Elective (>4 weeks 

planned) 
Semi-urgent (1–4 weeks) Emergency / Vascular emergency 

Intrinsic 

haemorrhagic 

risk 

EVAR (percutaneous 

access) 
Open infrainguinal bypass Open aortic repair / Major amputation 

/ Ruptured AAA 

Individual 

thrombotic 

profile 

Stable PAD, SAPT 

only, no recent 

ACS/stent 

Chronic AF on 

anticoagulation, CLTI on 

DAPT 

Recent coronary stent (<3 months), 

active ALI, mechanical valve 

Suggested 

approach 
Continue SAPT. Hold 

anticoagulation per 

standard bridging 

(ACCP/ESVS 

protocol). 

Individualized: weigh 

procedure haemorrhagic risk 

vs. interruption risk 

explicitly. Consider reduced-

dose or abbreviated bridging. 

Document reasoning. 

Minimize interruption or employ 

reversal agents where available. 

Document competing risk explicitly. 

Multidisciplinary input where feasible. 

High-risk 

patient 

subgroup 

modifiers 

 
Advanced renal impairment 

(eGFR <30): adjust DOAC 

dosing; assess uraemic 

platelet dysfunction; 

consider point-of-care 

platelet function testing. 

AF on anticoagulation + major 

amputation: highest-complexity 

competing risk scenario; no data to 

guide resumption timing. Residual 

proximal bypass + amputation: 

simultaneous graft and wound 

haemorrhagic risk; no prospective 

data. 

Abbreviations: AAA, abdominal aortic aneurysm; ACCP, American College of Chest Physicians; ACS, acute coronary syndrome; AF, 

atrial fibrillation; ALI, acute limb ischaemia; CLTI, chronic limb-threatening ischaemia; DAPT, dual antiplatelet therapy; DOAC, 

direct oral anticoagulant; eGFR, estimated glomerular filtration rate; ESVS, European Society for Vascular Surgery; EVAR, 

endovascular aortic repair; PAD, peripheral arterial disease; SAPT, single antiplatelet therapy. 
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