Abstract 
 
Aim 
To compare wound healing outcomes in patients with critical limb threatening ischaemia (CLTI) undergoing single-vessel (SV) versus multi-vessel (MV) crural revascularisation. 

Methods 
Electronic databases including OVID, MEDLINE, Pubmed and CINHAL was conducted up until October 1st, 2024.  Eligible studies included adults with CLTI who underwent SV or MV endovascular revascularisation of the crural vessels and reported wound healing outcomes. Risk of bias was assessed using ROBINS-I and RoB 2 tools. Quality of evidence was assessed using the GRADE System. 
 
Results  
A total of 154 articles were screened, of which seven studies (n=2,081 patients; 2,402 limbs) were included. Of these, 1,520 limbs (63.8%) underwent SV and 882 (36.7%) MV recanalisation. Five studies assessed wound healing across follow-up periods ranging from 3 months to 3 years. No consistent or statistically significant differences in wound healing were found between SV and MV groups. Six studies reported amputation-free survival (AFS) at 1 year, with some showing improved outcomes in MV patients.  Overall, the quality of evidence was very low due to high risk of bias, heterogeneity in outcome definitions, and imprecision. 
 
 
Conclusions  
There is no clear evidence that MV recanalisation improves wound healing compared to SV in patients with CLTI. While some studies suggest potential benefits in AFS and limb salvage in selected patients, the current evidence is insufficient to support the added benefit of MV strategies. High-quality randomised trials with standardised outcome reporting are needed. 
 
 
 
 















 









Introduction  

Critical Limb Threatening Ischaemia (CLTI) represents the most severe form of peripheral arterial disease (PAD), characterised by ischaemic rest pain, tissue loss including ulcers, and gangrene [1].   
CLTI warrants prompt revascularisation to prevent limb loss and improve patient outcomes [2].
 
CLTI is primarily a clinical diagnosis, supported by non-invasive tests measuring limb perfusion. Non-invasive tests include ankle-brachial plexus (ABPI) (<0.4-0.5), ankle systolic pressure (<50mmHg), toe systolic pressure (<30mmHg), transcutaneous oxygen pressure (<30mmHg) and skin perfusion pressure (<40mmHg) [3]. However, these measurements may be unreliable in calcified vessels, especially in diabetic patients. 
 
Particularly in the diabetic cohort, the most common vasculature affected by atherosclerosis is below the knee. This is due to their small calibre, distal location and limited collateral circulation [4]. Previous evidence has shown CLTI to affect the infrapopliteal arteries in more than 90% of cases [5]. High- risk groups such as those with diabetes and chronic kidney disease (CKD), where medial arterial calcification is common, are most likely to be affected in this site, complicating revascularisation [6].  
 
The optimal endovascular strategy for infrapopliteal revascularisation remains debated. Some evidence suggests that multi-vessel (MV) recanalisation may enhance perfusion and improve wound healing by restoring more extensive distal flow. Others advocate for single-vessel (SV) recanalisation targeting the angiosome of the wound, citing shorter procedures, reduced contrast load, and fewer complications. 
A study from the Czech Republic found that the number of patent tibial arteries post-revasculariation predicted functional limb salvage at 1, 5, and 10 years, however the study was conducted before the angiosome concept and before modern endovascular techniques, making it outdated [7]. Earlier studies on this topic often predate the adoption of the angiosome concept and modern endovascular techniques. Many also rely on surrogate perfusion outcomes rather than clinically meaningful endpoints like wound healing or limb salvage (ABPI, TcPO₂) [7,8]. These are not accurate especially in diabetics with calcified vessels where ABPI is unreliable [9].  
The 2020 European Society for Vascular Surgery (ESVS) guidelines endorse direct angiosomal flow but highlight the lack of high-quality evidence favouring MV over SV revascularisation [10]. 
This systematic review aims to evaluate whether MV endovascular recanalisation improves wound healing compared to SV intervention in patients with CLTI involving the crural arteries, addressing an important clinical gap. 
 
Methods  
 
This systematic review was conducted in accordance with the PRISMA guidelines on preferred reporting items on systematic reviews [11]. 
 
Eligibility Criteria 
To warrant inclusion, studies had to fulfil the following eligibility criteria; 1) participants had confirmed CLTI in their crural arteries, 2) participants were over the age >18, 3) study participants had undergone recanalisation of the crural arteries either single or multivessels, 4) study outcome included wound healing.  
 
Exclusion criteria included recanalisation via bypass surgery due to differences in the procedures and associated risks.  
 
 
Information Sources 
Electronic databases including OVID, MEDLINE, Pubmed and CINHAL were systematically searched till October 1st, 2024.   
 
Search Strategy 
Search terms were formulated using PICO framework (figure 1). The main search terms included critical limb threatening ischaemia, crural artery and recanalisation/revascularisation. 
 
 
Study Selection 
Two independent investigators reviewed the initial search by screening titles and abstracts of the identified articles, and disagreements were resolved by an independent reviewer. Full texts of all studies were reviewed for the eligibility criteria. Duplicates and studies not fulfilling the criteria were removed.  
 
Data Extraction and Data Collection Process  
Eligible studies were extracted for:  Date, study design, country of publication, vessel involved in intervention, tools used to define critical limb ischaemia, tools used to measure study outcomes and participants baseline characteristics such as age, gender, and co-morbidities. Time points in which all studies gathered data was collated as the time points for this study. Data extraction was collected independently by two reviewers and verified by a third reviewer. Where possible, results were grouped together into tables under matching time points. Where specific outcome data was not reported or if extrapolation from survival curves was not feasible it was listed as not available (-). 
 
 
Study Risk of Bias Assessment  
Risk of bias was measured using the ROBINS-1 tool for observational studies and RoB 2 tool for randomised clinical trials. Two reviewers independently rated each study, and any differences in result were resolved by discussion. If a study had a serious or critical risk of bias in even one area, it was given the same overall rating. 
 
Synthesis Methods  
A synthesis matrix was created with each study’s intervention features. Each study was compared against our criteria and outcome. Only those whose PICO characteristics matched exactly were grouped for synthesis. Studies with partially overlapping interventions such as surgical revascularisation were not included. Wound healing rates at time points between 3 months to 3 years post-intervention were extracted from the Kaplan Meier curves. To eliminate human error as much as possible, WebPolt Digitizer was used to extrapolate the data from the Kaplan–Meier survival curves. These data were viewed in an excel spreadsheet. For those with data in Kaplan–Meier survival curves, R studio and IPD Kaplan Meier coding was used in efforts to reverse the Kaplan–Meier survival curves to extrapolate raw data though unfortunately this was not successful.  
 
 
Results
 
Study selection 
The PRISMA Flow diagram shows the process of study selection (figure 2). A total of 177 articles were initially identified through electronic database searches using the predefined key terms. 21 duplicate articles were removed; 156 articles remained for screening. Titles and abstracts were reviewed, after which the full texts of the eligible studies were assessed according to the pre-established inclusion and exclusion criteria as well as those with sufficient data.  
 
Study characteristics  
Seven studies were deemed suitable and were included in this systematic review. The studies included participants from Brazil, Japan, USA, Israel, Egypt and India and totalled 2081 patients (table 1). 
 
 



Effect Measure 
Amongst the 7 studies included, there was heterogeneity on how the primary outcome, wound healing, was measured (table 2).  However, the studies presented their data as rates, such as wound healing rate and amputation survival rate in Kaplan–Meier survival curves with numbers at risk. 
 
Primary outcome  
 
Wound Healing  
Wound healing was the primary outcome across most studies (table 2), but assessment was predominantly clinical without standardisation, raising concerns of measurement and detection bias. The strongest evidence came from Biagioni et al, a randomised trial which demonstrated improved wound healing in the MV group, particularly with triple-vessel revascularisation [13]. Similarly, Kobayashi et al.  reported superior wound healing at one year in the MV group compared with SV (87% vs 78%, p=0.003), with multivariate Cox regression confirming double-vessel intervention as an independent predictor of healing (HR 2.01, 95% CI 1.33–3.04, p=0.001) [14]. However, Darling et al (41% MV vs 37% SV, p=0.13), Elkhadeep et al and Chaudhari et al all demonstrated no significant difference between wound healing in SV versus MV [15, 16, 17]. Overall, while some prospective and observational data suggest a benefit of MV intervention, particularly in severe disease, findings are inconsistent and limited by methodological variability. 
 
Secondary outcome  
 
Amputation – Free Survival (AFS) 
Amputation-free survival (AFS) was also inconsistently reported across studies (table 3). Biagioni et al showed improved AFS with MV revascularisation across all time points, with the best outcomes observed following triple-vessel intervention [13]. In contrast, Darling et al found no difference at one year (10% MV vs 16% SV, p=0.23), and Hater et al reported comparable outcomes at 50 months (63% MV vs 68% SV, p=0.109) [15,18]. The largest dataset by Lavingia et al used registry analysis of 761 patients, also showed no difference in one-year AFS (92.9% MV vs 90.6% SV, p=0.372) [19]. Elkhateep et al also reported no short-term AFS benefit [16]. Overall, while one study indicates a survival advantage with MV intervention, particularly in more severe disease, multiple larger retrospective and registry-based analyses fail to confirm this, suggesting that any potential benefit may be limited or population-specific. 
 
 
Certainty Assessment  
The certainty of the evidence for the wound healing outcome was rated as very low using the GRADE approach (table 4). Wound healing evidence was scored low due to risk of bias (from observational study designs), inconsistency (variation in outcome definitions and follow-up durations), imprecision (non-significant findings), baseline characteristics imbalance and publication bias (due to lack of unpublished data). 
 
 

Results of Syntheses 
 
The pooled synthesis of studies suggests that MV infrapopliteal revascularisation may improve wound healing and amputation-free survival compared to SV intervention in some cases, but the evidence is inconsistent. The prospective trial by Biagioni et al and the cohort study by Kobayashi et al support a benefit, particularly with greater vessel involvement and in patients with advanced disease, while most retrospective and registry-based studies demonstrated no significant differences [15-19]. 
 
Reporting bias was evident across several studies (table 5 and 6). Wound healing was assessed clinically without standardised or quantitative methods in all studies, introducing measurement bias. Selection bias was frequent due to non-randomised study designs, clinician discretion in treatment assignment, exclusion of patients with inadequate follow-up, and large attrition in registry studies (e.g., >90% exclusions in Lavingia) [19]. Blinding was not performed in any trial, further increasing the risk of performance and detection bias. None of the included studies reported a formal assessment of reporting bias or publication bias. 
 
The certainty of evidence is low to very low (table 4). This is due to risk of bias across study designs, inconsistency in findings, indirectness from variable definitions of critical limb ischaemia and outcome measures, imprecision from small sample sizes, and high attrition or exclusions in registry analyses. Only one randomised controlled trial was available, and it was limited by methodological weaknesses. Consequently, while there is some signal of benefit with MV revascularisation, particularly in wound healing and in advanced disease, the overall certainty remains insufficient to make definitive conclusions. 
 
 
Discussion  
In this systematic review of seven studies evaluating SV versus MV revascularisation in patients with CLTI no consistent evidence was identified to support the superiority of MV revascularisation. The only randomised controlled trial by Biagnioni et al reported faster wound healing following MV intervention [13]; however, the trial was underpowered, as randomisation was undertaken only after successful vessel recanalisation, and the absence of blinding introduced substantial risk of both selection and detection bias. Aside from Kobiyashi et al, which also showed superiority of MV revascularisation in wound healing, all other studies showed no significant differences between SV and MV strategies with respect to wound healing or amputation-free survival.  
The overall evidence was characterised by methodological limitations. Except from Biagnioni et al, all studies were retrospective or single cohort design, and treatment allocation was predominantly determined by the treating clinician according to anatomical considerations and patient comorbidities. Consequently, MV interventions were preferentially performed in younger patients with fewer comorbid conditions, thereby introducing confounding by indication. Baseline imbalances between treatment groups were common, and wound healing outcomes were frequently assessed without blinding, lacked standardisation, and were subject to missing data. Given these methodological concerns, the certainty of evidence for most outcomes was rated as low to very low according to the GRADE framework, primarily due to risk of bias, imprecision arising from small sample sizes, and heterogeneity in patient selection, outcome definitions, and follow-up. 
 
Taken together, the findings of this review do not support the routine use of MV revascularisation in patients with CLTI affecting the crural arteries. A selective SV revascularisation strategy—targeting the most relevant angiosome—is consistent with current guideline recommendations and appears sufficient in most cases. Moreover, MV interventions are associated with longer procedural times, increased contrast administration, and greater radiation exposure, further underscoring the need for careful patient selection. 
Future research should prioritise high-quality, multicentre randomised controlled trials with standardised revascularisation protocols and clearly defined clinical endpoints. Stratification by angiosome involvement, plantar arch integrity, and WIfI staging will also be essential to identify patient subgroups who may benefit from more extensive revascularisation strategies. 
 
 
Limitations 
This review is subject to several limitations, primarily related to the quality and heterogeneity of the included studies. Most studies were observational and exhibited high risk of bias, including selection bias, confounding by indication, and lack of blinding. Variability in inclusion criteria, revascularisation techniques, and follow-up durations further limited comparability. 
 
Importantly, definitions of “wound healing” were inconsistent across studies, and outcome assessments were often based on clinical judgement without standardised criteria or objective measurement tools. Additionally, outcomes were reported at different time points, ranging from 3 months to 3 years, introducing temporal heterogeneity that precluded direct comparisons. 
 
A key methodological constraint was the format of outcome data. Most studies reported wound healing and limb salvage using Kaplan–Meier survival curves without accompanying raw event counts or patient-level data. Attempts to reconstruct raw data using WebPlotDigitizer and reverse Kaplan–Meier methods were only partially successful and subject to human error, which prevented formal meta-analysis and limited the ability to generate pooled effect estimates or assess statistical heterogeneity. 
 
Furthermore, selective reporting and publication bias could not be excluded. Some studies excluded large numbers of patients from final analysis (e.g. >90% attrition in Lavingia et al. [19]), potentially introducing reporting bias and overestimating treatment effects. 
 
Collectively, these limitations emphasise the need for more rigorous primary studies to accurately evaluate the comparative effectiveness of SV and MV revascularisation in CLTI.  
 
 
Conclusion 
This systematic review found no clear evidence that multi-vessel endovascular revascularisation offers superior wound healing or amputation-free survival compared to single-vessel intervention in patients with critical limb threatening ischaemia affecting the crural arteries. While some studies suggest potential benefits in selected subgroups, the overall evidence is limited by methodological bias and low certainty. 
A selective single-vessel strategy remains appropriate for most patients, in line with current guidelines. Further high-quality randomised trials are needed to clarify whether specific patient groups may benefit from multi-vessel approaches. 
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