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Abstract: (1) Background: Both open surgery and endovascular strategies are accepted methods for the
treatment of critical limb ischemia (CLI) due to superficial femoral artery disease (SFA). There is currently
only one randomized trial results (BASIL-1) that compared open vs. endo procedures for SFA treatment.
In this study, we wanted to compare two treatment strategies for superficial femoral artery vascular disease.
(2)Material andmethods: A studywas conducted on 235 patients (part of a national project—“Development
of the public infrastructure research anddevelopment and creation of new infrastructure”) inwhich the open
vs. endovascular strategy was compared in patients with critical limb ischemia and SFA disease. (3) Results:
Primary outcomes are the time elapsed until major events related to the index leg or death. Secondary
outcomes are amputation-free survival rate, reintervention on the index leg, major cardiovascular events and
postoperative complications. (4) Conclusion: After 6 months, we had an overall mortality rate of 7.23% and
an amputation-free survival of 89.36%.
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Introduction

Peripheral arterial disease (PAD) is currently considered a global pandemic that affected, in 2010,
approximately 200 million patients [1]. According to the latest guidelines of the European Society for
Cardiology (ESC), from2017, the annual incidenceofmajor amputations (equally distributedbetweenbelow-
and above-the-knee) ranges between 120 and 500 per million in the general population [2]. Superficial
femoral artery disease was, for decades, treated by open surgery. However, open surgery can have important
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limitations (like wound complications, long hospitalization, absence of a good vein conduit and the overall
operative risk associated).

The 2017 ESC Guidelines recommendations on revascularization of superficial femoral (SFA) occlusive
lesions are that an endovascular strategy should be attempted first for short lesions of under 25 cm (class
I level C) [3,4]. However, there are only a few randomized trials that compare surgical versus endovascular
therapy; a clear comparison of the two techniques is limited and a real randomization is difficult. The research
aims to evaluate the comparison of endovascular vs. open surgery treatment strategies in patients with critical
limb ischemia for the final purpose of limb salvages that are fit for both revascularization procedures (bypass
surgery or endovascular strategy). The results presented in this study show that, for now, surgical bypass is
a more effective and durable option for patients with low post-operative morbidity and mortality, but has
longer hospitalization and higher wound complication rate.

Since 2016, in theUK, Bypass vs. Angioplasty in Severe Ischemia of the leg—2 (BASIL-2) has been conducted
to compare the clinical and cost-effectiveness of a “vein bypass first”with a “best endovascular treatment first”
revascularization strategy for severe limb ischemia due to below-the-knee disease The study is ongoing and
the first results will be announced probably in 2021 [5].

BASIL-3 is a pragmatic RCT for the UK, designed to compare the clinical and cost-effectiveness of plain
balloon angioplasty with or without bail-out bare metal stenting, drug-coated balloon angioplasty with or
without bail-out bare metal stenting, and primary stenting with drug-eluting stents for severe limb ischemia
secondary to femoro-popliteal disease [6].

In this study,wewanted to compare two treatment strategies for the superficial femoral artery vascular disease
open procedures versus new endovascular ones in terms of amputation-free survival rate and time elapsed
until major events related to index leg occurred.

Materials and Methods

All patients included in this study were recruited nationwide. The major inclusion criteria was critical limb
ischemia, as definedby chronic rest painwith an ankle brachial index (ABI)under 0.40,with an ankle pressure
under 50 mmHg or at hallux level under 30 mmHg, or with an TcPO2 under 30 mmHg OR diabetic ulcer
OR chronic lesion with no tendency to heal present for more than twoweeks OR gangrene that involves any
portionof the foot. Other inclusion criteriawere: age above 18 y, obtained informal consent, the possibility to
perform either endovascular procedure or an open one, the presence of a good aorto-iliac inflow, the presence
of a good outflow (in case a bypass procedure is performed) and the availability of additional laboratory
testing in order to assess other risk factors for PAD.

The exclusion criteria were: any existence of a popliteal artery aneurysm on the index leg, life expectancy
under two years because of other comorbidities, high risk of surgical intervention, acute vasculitis,
Buerger disease, acute limb ischemia, any revascularization on the index leg prior to three months before
inclusion, any suprainguinal revascularization prior to six weeks before inclusion, chemo/radiotherapy,
pregnancy/lactation, participation in any clinical studies in the last 30 days before inclusion, patient’s refusal
to sign the informed consent, the requirement of an emergency revascularizationprocedure, contraindication
for the use of iodine contrast solution.

The study has the approval of the Ethic Committee of the “Pius Brinzeu” County Clinical Emergency
Hospital (No. 145/2017) under the EU GCP Directives, International Conference of Harmonization of
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Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH), and Declaration of
Helsinki and all included patients signed the informed consent.

After the assessment of the patients’ laboratory, clinical and CT-angio testing, a group of surgeons analysed
the patient to see if he meets the criteria for the study (i.e., the patient can be operated through either
technique without affecting the revascularization outcome). Then, the patient was randomly (unequal
randomization) allocated to one of the groups.

After the allocation of the patients to either the open or endovascular group, the interventionwas performed
rapidly. In this study, 235 patients were enrolled between December 2017 and December 2019. The baseline
characteristics of the patients are detailed in Table 1.

Table 1. Demographics of patients enrolled for revascularization.

Variable Open Strategy (N/%) Endo Strategy (N/%) p Value

Patients 134 (57.02) 101 (42.97) 0.7687
Age (years) 64.94± 11 67.44± 12.1 0.8753
Male patients 110 (82.08) 76 (75.24) 0.1265
Indication
Ankle pressure <50 mmHg 49 (36.56) 23 (22.77) 0.0346
Diabetic ulcer/chronic lesion 43 (32.08) 31 (30.69) 0.0027
Gangrene without healing tendency 42 (31.34) 47 (46.53) 0.3456
Hypertension 107 (79.85) 98 (97.02) <0.001
Chronic kidney disease 28 (20.89) 56 (55.44) <0.001
Smoking (current or former) 98 (73.13) 76 (75.24) 0.2388
Dyslipidemia 76 (56.71) 64 (63.36) <0.001
Diabetes mellitus 87 (64.92) 74 (73.26) 0.2459
Coronary artery disease 45 (33.58) 39 (38.61) 0.0103

Open procedures consisted of femoro-popliteal bypass (from the common femoral artery to proximal
popliteal artery or from the superficial femoral artery to distal popliteal artery) with or without femoral
endarterectomy using suitable vein or a prosthetic conduit. Endovascular procedures consisted of SFA
angioplasty (either with plain balloon or with paclitaxel-coated balloons with/without stent placement).

Primary outcomes are the time elapsed until major events related to the index leg or death. Secondary
outcomes are amputation-free survival rate, reintervention on the index leg, major cardiovascular events, and
postoperative complications.

Follow-up is set to 30 days, 3–6–9–12 months and then every year, for 5 years after the project ends. The data
are registered on a platform developed inside the study.

When appropriate, values are presented as average ± SEM (standard error). Values were compared with
MedCalc Statistical Software version 19 (MedCalc Software bvba, Ostend, Belgium). Differences were
considered statistically significant at p < 0.05.
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Results

A total of 235 patients were enrolled, 134 (57.02%) with open surgery and 101 (42.97%) with an endovascular
strategy. The majority were males (186–79.14%).

Themean age was similar for the two groups; the patients in the endo group were more likely to have lesions
and the open group had the most smokers.

The revascularization procedures are detailed in Tables 2 and 3.

Table 2. Open revascularization procedures characteristics.

Variable Number Percentage

Surgical conduit
Common femoral to proximal popliteal artery bypass 98 73.13
Superficial femoral to distal popliteal artery bypass 36 26.86
Endarterectomy to common and deep femoral artery 18 13.43
Graft conduit
Ipsilateral inverted great saphenous vein 83 81.37
Contralateral inverted great saphenous vein 19 18.62
Polyester grafts 25 18.65
Polytetrafluoroethylene grafts 7 5.22

Table 3. Endovascular revascularization procedures characteristics.

Variable Number Percentage

Plain balloon procedure (single) 53 52.47
Plain balloon procedure (multiple) 8 7.92
Drug-coated balloon 21 20.79
Stent placement 19 18.81
Residual stenosis <30% 13 12.87

Endarterectomy procedure was performed in 18 cases, seven of them (38.88%) requiring the insertion of an
angioplasty synthetic patch because of the local situation (saphenous vein length and calibre).

Reintervention was required in 19 patients (14.17%) from the open group and in four patients (3.96%) from
the endovascular group (Table 4).

The mean hospitalization period was six days in the open group and three days in the endovascular one.

Within the perioperative period until discharge, five major amputations (below the knee, two in the open
group and three in the endo one) were performed because of extensive infection of the forefoot. A total of
17 minor amputations (i.e., toes or metatarsal) were also performed, with no significant statistical differences
between the two groups.
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Table 4. Postoperative complications.

Variable Open Group (N/%) Endovascular Group (N/%) p Value

Emergency reintervention 2 (1.49) 2 (1.96) 0.24
Bleeding 2 (1.49) 2 (1.96) 0.08
Wound infection 11 (8.20) 0 (0) <0.001
Lymph leakage 4 (2.98) 0 (0) 0.03
Myocardial infarction 0 (0) 1 (0.99) 0.34
Stroke 2 (1.49) 3 (2.97) 0.38
Pneumonia 1 (1.49) 1 (0.99) 0.25
Total 22 (16.41) 9 (8.91) <0.001

The randomization ended inDecember 2019. All patients had a 30-day follow-up. After that, there were nine
patients lost to follow-up, six from the endovascular group and three from the open one. Figure 1 presents
the CONSORT diagram for patients at 6 months follow-up.

Figure 1. CONSORT diagram for patients after a six-month follow-up (R—reinterventions, MA—major
amputations, D—deaths).

Mortality at 30 days was 2.55 (six patients, two from the open group and six from the endo one).

After six months, the overall mortality rate was 7.23%. Patient status after a six-month follow-up is described
in Table 5.

Table 5. Patient status after a six-month follow-up.

Variable All Patients
(no/%)

Open Group
(no/%)

Endovascular Group
(no/%)

Lost to follow-up 9 (3.82) 3 (2.23) 6 (5.94)
Dead 17 (7.23) 9 (6.71) 8 (7.92)
Alive with major amputation on the index leg 20 (8.51) 9 (6.71) 11 (10.89)
Reintervention for revascularization on the index leg 7 (2.97) 1 (0.7) 6 (5.94)
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Discussion

These results represent the only follow-up to date in Romania for this type of patients. If patient selection is
appropriate, the type of intervention will not predict failure; either one of the procedures should lead to the
same result.

A comparison between the two techniques is often limited and enrolment in comparative trials proved to
be difficult.

The results are similar, though, to other studies from the literature, aiming towards an endovascular first
approach in selected patients. All similar studies concluded that under 2 years, the preferred choice is
endovascular, and for patientswhohave a life expectancymore than 2 years, the open strategy ismore suitable,
if a vein conduit is used.

The first randomized trial for open vs. endovascular for the treatment of severe ischemia of the legwas BASIL
trial enrolled 452 patients with critical limb ischemia, with a follow-up of up to 5 years. An analysis after
two years showed that the patients randomized to surgery had better clinical outcomes than those from the
angioplasty group [7].

The enthusiasm for an endovascular first strategy is growing [8] and the vein bypass surgery is increasingly
treated as an option after the endovascular procedures fail to have a good outcome or when endovascular
strategies have been exhausted [9,10].

The researchers from the BASIL trials are currently conducting BASIL-2 and BASIL-3 trials (the first one
aims at randomizing 600 patients to endovascular-first vs. vein bypass-first and the second one, plain
balloon angioplasty and/or bail-out bare metal stent, drug-coated balloon and/or bare metal stent, and
drug-eluting stent).

McQuade trial compared synthetic bypass with nitinol-covered stent grafts in 86 patients, and concluded
that, after a 4-year follow-up, the stent grafts had similar primary patency [11].

BESTEndovascular vs Best SurgicalTherapy in PatientswithCritical Limb Ischemia (BEST-CLI) is currently
enrolling patients and will compare the efficiency of the best available treatment (open vs. endovascular) in
critical limb ischemia [12].

There are also a few non-randomized trials that compare open strategies with endovascular strategies.
Dosluoglu et al. compared C andD SFA lesions above-the-knee ePTFE bypass vs. stenting for TransAtlantic
Inter-Society Consensus II (TASC).They enrolled 127 patients with a technical success rate of 84% for TASC
C and 100% for TASCD lesions. They concluded that balloon angioplasty should be considered in TASCD
lesions only in high-risk patients that cannot tolerate a bypass procedure [13].

Syracuse et al. made a comparison of 113 bypass grafts and 105 endovascular procedures in SFA lesions
without prior intervention. After three years, they did not find a difference in the freedom of reintervention.
They concluded that surgical bypass (for the treatment of claudication) showed improved freedom of
restenosis, but it was associated with an increased length in hospital stay and wound infection, similar to
our findings [14].
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A secondary analysis of the BASIL data was made in 2018 when Meecham et al. made a comparison of
clinical outcomes between primary bypass and secondary bypass after failed plain balloon angioplasty in the
BASIL trial and their work suggested that patients requiring secondary bypass after failed initial angioplasty
do significantly worse than those who undergo primary bypass surgery [15].

Conclusions

Our results show that, for now, surgical bypass is a more effective and durable option for patients with low
post-operative morbidity and mortality. However, open surgery has a longer hospitalization (i.e., higher
costs) and a higher rate of wound complications, as opposed to endovascular strategy.

If the endovascular strategy was the treatment of choice, one should preserve the inflow and outflow area of
a potential bypass. Further research needs to be done in order to see the long-term results of these data.
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