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Abstract: Aim: Complex atherosclerotic femoro-popliteal lesions have traditionally been treated with
bypass surgery. A prosthetic graft is used to save the vein graft for more distal revascularisations or
when a vein graft is unavailable. The endovascular approach has gained popularity and is offered as a
first-line strategy for complex lesions. This study aimed to evaluate whether endovascular procedures
can be used as a first-line treatment strategy for complex native femoro-popliteal lesions over open
surgery with prosthetic bypass in patients with peripheral arterial disease (PAD). Methods: This
single-centre retrospective observational study was conducted between 2013 and 2021; it included
patients with symptomatic PAD who required limb revascularisation at the femoro-popliteal segment
and who had complex lesions. The primary endpoints analysed were technical success, primary
patency, freedom from clinically driven target lesion revascularisation (cdTLR), freedom from major
adverse limb and cardiovascular events (MALE and MACE, respectively), freedom from limb loss,
and survival. The secondary endpoints were length of in-hospital stay, and duration and costs of
the procedure. Results: We identified 185 limbs among 174 suitable candidates for comparison,
wherein 105 were treated with an endovascular procedure and 80 with a femoro-popliteal prosthetic
bypass. Most patients in both groups presented with chronic limb-threatening ischaemia, and >90%
of them had an American Society of Anesthesiologists (ASA) physical status classification of >3. The
endovascular group had more octogenarians (p = 0.02) and patients with coronary disease (p = 0.004).
The median follow-up was 30 months. The technical failure rate for endovascular procedures was
4.7%, versus 0% in the open group (p = 0.047). Freedom from MACE was similar in both groups.
The endovascular group showed superior primary patency (p < 0.0001), cdTLR (p < 0.0001), MALE
(p < 0.0001), and freedom from limb loss (p = 0.0018) at 24 and 48 months. Further analysis performed
for the open above-the-knee sub-group showed that the aforementioned endpoints were similar
between the groups at 12 months and were better in the endovascular group at 24 and 48 months.
Procedural time and in-hospital stay were longer in the open group than in the endovascular group
(p < 0.0001 and p < 0.001, respectively). The procedural cost in the endovascular group was 10-fold
lower than that in the prosthetic bypass group. Conclusions: Endovascular procedures are safe
for treating complex femoro-popliteal lesions in patients at a high risk for surgery and show better
outcomes at 24 months than prosthetic bypasses do. The latter may be considered as an alternative
should endovascular treatment fail.

Keywords: endovascular procedures; femoral popliteal bypass; peripheral arterial disease;
prosthetic graft

J. Clin. Med. 2023, 12, 5978. https://doi.org/10.3390/jcm12185978 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12185978
https://doi.org/10.3390/jcm12185978
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-0505-7762
https://orcid.org/0000-0001-8589-5154
https://doi.org/10.3390/jcm12185978
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12185978?type=check_update&version=1


J. Clin. Med. 2023, 12, 5978 2 of 11

1. Introduction

The incidence of critical limb-threatening ischaemia is increasing as the age of the
population and prevalence of cardiovascular disease increase, leading to significant socio-
economic impact [1]. For decades, an endovascular approach has been available for less
complex lesions (TASC II A and B according to the Trans-Atlantic Inter-Society Consensus
for the Management of Peripheral Arterial Disease) [2] and patients at a high risk for
surgery [3,4]. In contrast, open surgery was offered to patients with more complex (TASC II
C and D) lesions who were considered to be at a low or moderate risk for surgery [3,4]. Sig-
nificant improvements in endovascular technology and improved knowledge of atheroscle-
rotic lesions have overcome these recommendations. Currently, the endovascular approach
is offered as a first-line strategy, even for complex lesions. However, open revascularisations
performed using a vein graft have demonstrated greater efficacy and durability in compari-
son to the endovascular procedures over time [4,5]. Unfortunately, numerous situations
exist where a suitable vein graft is unavailable, and many practitioners prefer prosthetic
grafts. In cases where a femoro-popliteal bypass above the knee is required and a suitable
vein is available, the tendency is to save the vein for more distal revascularisations [6,7]. In
this study, we sought to evaluate whether using the endovascular approach for complex
femoro-popliteal lesions could be more advantageous than using a prosthetic bypass in
real-world practice for patients with peripheral arterial disease (PAD).

2. Materials and Methods

This was a single-centre retrospective observational study performed between January
2013 and December 2021, and included patients with symptomatic PAD treated by either
open or endovascular revascularisation for native complex femoro-popliteal lesions (classi-
fied as TASC II C and D according to the Trans-Atlantic Inter-Society Consensus for the
Management of Peripheral Arterial Disease) [2]. Clinical limb presentation was described
using the Rutherford classification [8].

Patients requiring procedures in below-the-knee vessels other than femoro-popliteal
revascularisation were excluded, apart from patients presenting with a no-option below-
the-knee anatomy upon instrumental evaluations [1]. Additionally, patients with a history
of either open or endovascular revascularisation at any level of the target lower limb
arteries were excluded from this study to avoid influencing the outcomes of the first-line
strategy [4,9].

The study was approved by the Institutional Review Board of the Independent Ethics
Committee and was registered with N. ER.FE.2022.15. The requirement for patient consent
was waived given the retrospective nature of the study. To enhance clarity, the study ad-
hered to the STROBE guidelines [10]. Data regarding patient demographics, co-morbidities,
clinical limb presentation, characteristics of the target vessel, and run-off quality before and
after the procedure were collected and analysed. The characteristics of the interventions
regarding vascular access, devices used, and their characteristics were also analysed.

Technical success was defined as evidence of successful revascularisation with a
residual stenosis of <30% after angioplasty, and the absence of flow-limiting lesions. Major
amputation was defined as any lower-extremity amputation through, or proximal to, the
ankle joint. Minor amputation was defined as any lower-extremity amputation distal to the
ankle joint.

The primary endpoints were primary patency, freedom from clinically driven tar-
get lesion revascularisation (cdTLR), freedom from major adverse limb events (MALE)
(including major amputation and any intervention to restore patency), freedom from ma-
jor adverse cardiovascular events (MACE), and freedom from all causes of death. The
secondary endpoints were length of hospital stay, duration of the procedure, and cost
of materials.

Regarding statistical analysis, continuous variables are presented as means ± standard
deviations for normally distributed data; variables are presented as percentages. Standard-
ised mean differences were used to compare the prevalence between groups, with statistical
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significance set at p < 0.05. Primary endpoints were analysed using Kaplan–Meier curves,
and statistical significance was evaluated using the log-rank test.

3. Results

Among 174 patients, we identified 185 limbs that were suitable for comparison: 105 of
these limbs underwent treatment using an endovascular approach and 80 using a femoro-
popliteal prosthetic bypass. Most patients presented with critical limb-threatening is-
chaemia with no significant difference between the two groups, p = 0.231 (Figure 1). In
comparison to the endovascular group, the open group had fewer octogenarians (p = 0.02),
and no nonagenarians. In the endovascular group, a significant prevalence of patients
suffering from coronary disease was noted (p = 0.004) (Table 1). In both groups, most of the
patients had an American Society of Anesthesiologists (ASA) physical status classification
of 3 and 4, with no statistical significance observed between the groups, p = 0.944 (Figure 1).
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Figure 1. Clinical presentation (on the left) and distribution of the American Society of Anesthesiol-
ogists (ASA) Physical Status Classification System scores (on the right) of patients included in the
open and endovascular groups. IC: intermittent claudication; CLI: critical limb ischemia.

Table 1. Demographic and co-morbidity-related information for the patients in the open and en-
dovascular groups. COPD, chronic obstructive pulmonary disease; CAD—coronary artery disease,
* History of ischaemic stroke.

Demographics
Co-Morbidities

Open Group
(n = 76)

Endovascular Group
(n = 98) p-Value

Mean age, years 74 ± 8 SD 79 ± 9 SD -
Age ≥ 80 years 20 (26.3%) 40 (40.8%) 0.045
Age ≥ 90 years 0 (0%) 6 (6.1%) 0.028

Men 49 (64%) 59 (60%) 0.5648
Women 27 (36%) 39 (40%) 0.5648

Current smokers 22 (29%) 18 (18%) 0.0999
Systemic hypertension 72 (95%) 90 (92%) 0.4539

Dyslipidaemia 44 (58%) 62 (63%) 0.4714
Diabetes 34 (45%) 47 (48%) 0.6725

Chronic renal disease 19 (25%) 27 (28%) 0.7050
CRD dialysis 8 (11%) 9 (9%) 0.7673

Coronary artery disease 35 (46%) 66 (67%) 0.0047
COPD 13 (17%) 15 (15%) 0.7487

Stroke * 7 (9%) 22 (22%) 0.0201
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In the open group, the instrumental evaluation consisted of a duplex ultrasonography
(DUS) in all cases, a computed tomography (CT) scan in 69 cases, and in the remaining
cases, a digital subtraction angiography (DSA). In the endovascular group, in all cases
the instrumental evaluation consisted of a DUS assessment and a subtracted angiography.
The median follow-up was 30 months (range: 12–48 months) and consisted of clinical and
ultrasonographic examinations at 1 and 6 months, and annually thereafter.

Run-off vessel quality was worse in the endovascular group than in the open group,
with 11 cases with no-option anatomy in the former versus none in the latter (Table 2). In
these cases, achieving at least one runoff vessel was mandatory, and in all cases, it consisted
of the peroneal artery. More limbs with three run-off vessels were observed in the open
than in the endovascular group, with 28 vs. 10 limbs (p < 0.001), respectively.

Table 2. The quality of below-the-knee run-off vessels for the two groups. BTK, below-the-knee.

Run-Off Open Group
(n = 80 Limbs)

Endovascular Group
(n = 105 Limbs) p Value

Number of
BTK vessels Number of limbs Number of limbs

0 0 11 0.002
1 30 40 0.462
2 22 44 0.042
3 28 10 0.001

Procedural characteristics. In the endovascular group, 52 procedures were performed
percutaneously by puncturing the femoral artery under ultrasound guidance; haemostasis
was achieved using a percutaneous closure device (Angio-Seal VIP, 6 Fr; Terumo Medical
Corporation, Somerset, NJ, USA). Vascular access was achieved in the remaining cases using
the femoral cut-down technique. Two different approaches were used in the endovascular
group because of randomisation in another study, which evaluated the outcomes between
the two vascular accesses [11]. The length of the target lesion was 200 mm + −15 mm SD.
The first-line strategy used in the endovascular group was balloon angioplasty; in all
cases, nitinol self-expandable stents were used only for residual stenosis and flow-limiting
dissections (Table 3). All the endovascular procedures were performed by a single vascular
surgeon while the open bypasses were performed by experienced vascular surgeons.
Technical failure occurred in 4.7% of cases in the endovascular group, compared to 0%
in the open group (p = 0.047). In the endovascular group, failure occurred only in cases
with completely occluded calcified lesions, regardless of their extension in length. The
failures were characterised by failure to cross the lesion with the guidewire in three cases
and failure to re-enter the true lumen after crossing it sub-intimally in the remaining two.
These five limbs underwent femoro-popliteal bypass surgery, above the knee in three cases,
using a heparin-bonded expanded polytetrafluoroethylene (ePTFE) graft, and below the
knee in the remaining two cases, using the ipsilateral great saphenous vein. In the open
group, the length of the target lesion was 205 mm + −18 mm SD. In the open group, all
the bypasses were performed using a heparin-bonded ePTFE graft (GORE® PROPATEN®

Vascular Graft, W. L. Gore & Associates, Inc., Newark, DE, USA). The inflow vessel was the
common femoral artery, and the outflow vessel was the popliteal artery, above the knee in
41 limbs and below the knee in 39 (Table 3).
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Table 3. The technical features of the open and endovascular groups regarding the devices, and types
of grafts and vascular access chosen. POBA, plain old balloon, (* semi compliant balloon, Medtronic
Plymouth, MN, USA), DCB, drug-coated balloon (# paclitaxel balloon, CR Bard Becton Dickinson
Franklin Lakes, NJ, USA); pBMS, provisional bare-metal stent (& Cook Medical Medical, Bloomington,
IN, USA); pDES, provisional drug-eluting stent (paclitaxel); SFA, superficial femoral artery.

Open Group Number of Limbs (%)
(n = 80)

Above the knee 41 (51.2%)

Below the knee 39 (48.7%)

Graft material

Heparin-bonded ePTFE 80 (100%)

Graft diameter

6 mm 38 (47.5%)

7 mm 36 (45%)

8 mm 6 (7.5%)

Endovascular group Number of limbs (%)
(n = 105)

Vascular access

Cut down 53 (50.4%)

Percutaneous 52 (49.5%)

Ipsilateral 12 (11.4%)

Contralateral 40 (38%)

Haemostasis

Percutaneous closure device (AngioSeal Vip 6 Fr) 52 (49.5%)

Surgical suture 53 (50.4%)

Target lesion

SFA 71 (67.6%)

SFA and popliteal artery 34 (32.3%)

Endovascular devices

POBA (Evercross) * 105 (100%)

DCB (Lutonix) # 4 (3.8%)

pBMS (Zilver Flex) & 24 (22.8%)

pDES (Zilver PTX) & 5 (48.7%)

Clinical outcomes. Compared to the open group, the endovascular group showed
superior primary patency (p < 0.0001), cdTLR (p < 0.0001), MALE (p < 0.0001), and freedom
from limb loss (p < 0.0001) at 12, 24 and 48 months. Further analysis of the data for the
open above-the-knee subgroup showed that the aforementioned endpoints were similar
between the two groups at 12 months. At 24 and 48 months, the outcomes favoured the
endovascular group altogether (primary patency p = 0.4 and <0.01, freedom from cdTLR
p = 0.08 and 0.89, freedom from limb loss p < 0.01 and <0.001, freedom from MALE p = 0.02
and 0.04, respectively). Freedom from MACE and survival rates were similar in both groups
(Figure 2) throughout the duration of the follow-up. The procedural times and in-hospital
stays were longer in the open group than those in the endovascular group (p < 0.0001
and p < 0.001, respectively). Post-procedural haemoglobin loss was more evident in the
open group than in the endovascular group. More complications related to vascular access
and groin incision, such as dehiscence, infection, lymphorrhoea, and haematoma, were
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observed in the open group than in the endovascular group (Table 4). In the percutaneous
endovascular group, two groin haematomas were identified using an ultrasonographic
examination after groin swelling occurred; the haematomas were managed conservatively
by compression. One case of acute thrombosis occurred due to unsuccessful percutaneous
closure device deployment, which needed surgical revision.

Table 4. Characteristics of the surgeries showing the anaesthesiologic approach, adjunctive proce-
dures, intervention course, complications at the groin access, and post-operative medications in the
two groups. * All complications occurred at the groin. # Conditions overlapped at the same surgical
incision and occurred within 30 days. CFA, common femoral artery; DAPT, dual antiplatelet therapy.

Anaesthesiologic Management Open Group
(n = 80)

Endovascular Group
(n = 105) p-Value

General 71 (87.5%) 41 (39%) <0.00001

Local 0 (0%) 37 (35.2%) <0.00001

Local + systemic sedation 0 (0%) 17 (16.1%) 0.0001

Epidural analgesia 9 (2.5%) 5 (4.7%) 0.434

Adjunctive procedures

CFA endarterectomy 17 (21.2%) 1 (0.9%) <0.001

CFA and PFA endarterectomy 4 (5%) 0 (0%) 0.02

CFA angioplasty 0 (0%) 22 (20.9%) <0.001

Popliteal endarterectomy 8 (10%) 0 (0%) 0.001

Minor amputations 14 (17.5%) 13 (12.3%) 0.328

Technical success 0 (0%) 5 (4.7%) 0.047

Overall intervention duration,
minutes * 273 ± 96 146 ± 89 <0.0001

Duration of the intervention,
minutes *

Open group
(n = 80)

Endovascular
percutaneous group

(n = 52)

273 ± 96 78 ± 37 <0.00001

Haemoglobin loss ≥ 3 g/dL 13 (16.25%) 6 (5.7%) 0.019

Overall vascular access # 9 (11.2%) 3 (2.8%) 0.021

Dehiscence 6 0

Infection 4 0

Lymphorrhoea 6 0

Haematoma 1 3

Post-intervention therapy

DAPT 3 months 52 (65%) 80 (76.1%) -

Anti-coagulant 13 (16.2%) 0 (0%) -

Anti-coagulant plus anti-platelet 15 (18.7%) 25 (23.8%) -
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Cost of procedural materials. The cost of materials used for the procedures was 10-fold
lower in the endovascular group than in the prosthetic bypass group. Heparin-bonded
ePTFE grafts were used in all cases. In the open group, the cost of the materials used did
not differ from one procedure to the next and ranged around EUR 2800 ± SD 200 per
procedure. In contrast, in the endovascular group, expenditure depended on the type
and number of devices, such as guidewires, balloons, and stents, that were used. For a
standard procedure, expenditure fluctuated around EUR 243 ± SD 150 and increased if
paclitaxel-coated devices (costing EUR 590–850) were used instead of bare metal stents
(EUR 340), and with the number of stents delivered. Details are presented in Table 3; the
manufacturers’ names are mentioned only for transparency, and not for publicity.

4. Discussion

Traditionally, complex atherosclerotic femoro-popliteal lesions have been treated using
a femoro-popliteal bypass, with vein grafts being used as conduits, as they produce the
best results based on long-term patency [5,12,13]. Several situations can lead to a prosthetic
graft being chosen, including the unavailability of a suitable vein graft. In select above-
the-knee cases, femoro-popliteal bypass is required, and most surgeons tend to retain
the vein for more distal revascularisations. However, in many centres, the endovascular
approach—which was once reserved for use with short TASC II A and B lesions and
frail patients—is currently considered as an alternative to open surgery, even for complex
lesions. The continuous technological advances being made in the endovascular field,
which have introduced numerous devices dedicated to each stage of the procedure, have
made this possible. The advances have led to a substantial improvement in outcomes based
on technical success and long-term primary patency [14–18]. In this study, we aimed to
evaluate whether using the endovascular approach for long complex lesions could offer
any advantages over using the femoro-popliteal prosthetic bypasses approach, regardless
of lesion features and anaesthesiological risks. The value this study holds is related to
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the homogeneity of both groups regarding treated lesions, region affected, clinical limb
presentation, and ASA risk scores.

We found that open surgery enabled superior completion of the revascularisation of the
index limb. In our experience, technical failure was mainly influenced by the calcification
of the lesions. Calcium is considered a strong predictor of technical failure and loss of
patency, and several models, such as the peripheral artery and Fanelli scoring systems, have
been presented to predict outcomes [19,20]. Only complete vessel occlusion influenced the
technical success of the procedures analysed in this study, not the extended length of the
calcifications. We believe that these lesions are the most challenging to cross and, in most
cases, the subintimal approach is the only strategy that can be used. However, the 4.7%
technical failure rate in our study was significantly lower than the 20% technical failure
rate for the endovascular procedures reported in the BASIL I trial, which compared the
outcomes in the open and endovascular arms for complex femoro-popliteal lesions [13]. The
data reported for the BASIL I study should be considered out-dated, as the technical success
achieved with new-generation devices is approximately 99% [21]. The main technical issues
in these cases are related to failure to cross the lesion. Moreover, in some cases, the lesion is
crossed in a sub-intimal manner to find the distal re-entry point. To overcome these issues,
guidewires for specific lesions and stages of the procedure have been developed and are
available in every operating room and angiographic suite; several devices on the market
have been proven safe and efficacious in terms of technical success [22].

Another issue is that of how devices such as balloons and stents are delivered once
the lesion has been crossed with a guidewire; in some cases, even attempting to cross the
lesion with a small-diameter balloon for pre-dilatation may fail. Generally, this type of
failure occurs in heavily calcified lesions. In these cases, using atherectomy to remove
the plaque, even partially, becomes useful to enable the delivery of the aforementioned
devices [23,24]. These devices substantially increase procedural cost; however, they also
increase the success rate of the endovascular procedure for complex lesions. The use of
adjunctive procedures, such as atherectomy and provisional stenting, are required when
dealing with complex femoro-popliteal lesions [25].

Another widely adopted aspect is that many centres offer endovascular treatment
as a minimally invasive approach for frail patients, as observed in our study. In our
cohort, patients treated endovascularly had significantly more co-morbidities and were
older than the patients treated with open surgery. However, every choice of treatment
should be justified by improved clinical and long-term outcomes based on primary patency,
cdTLR, MALE, and survival. Angioplasty with only simple balloons is known to result
in poor outcomes for long lesions. However, performing adjunctive procedures such as
atherectomy or nitinol stenting as a primary or bailout strategy, and utilising drug-coated
devices, substantially improves the clinical outcomes [18,26,27]. Drug-coated devices or
provisional stents were not used in the BASIL I trial, which may explain the poor primary
patency outcomes reported in the endovascular arm.

In the contemporary literature, the main comparisons reported involve endovascular
and vein-bypass revascularisation of the limb. The BEST-CLI trial highlighted better
outcomes for revascularisations performed with a single suitable vein conduit, and similar
outcomes between endovascular and open revascularisations performed with an alternative
conduit; however, the trial did not focus on a particular approach [5]. In contrast, in the
BASIL II trial, endovascular procedures were reported to provide better performance
than vein bypasses in the infrapopliteal arteries [28]. Few studies have directly compared
endovascular and prosthetic graft revascularisations in long femoro-popliteal lesions and
reported similar results for the endovascular approach and the use of an ePTFE conduit [29].
In contrast, in our series, using the open approach showed no advantages over using the
endovascular approach, as the overall long-term outcomes were worse in the open group
than those in the endovascular group. In the above-the-knee sub-group, the primary
patency outcomes were similar between the two approaches for the first 24 months, and
the endovascular arm showed more favourable outcomes thereafter. For these patients,



J. Clin. Med. 2023, 12, 5978 9 of 11

using an endovascular approach as a first-line strategy would have provided benefits in
terms of operating time, intra-operative blood loss, fast functional recovery, and early
discharge. Moreover, in our study, the endovascular approach was beneficial in terms
of vascular access management and complications rate. In this aspect, percutaneous
procedures—especially those supported by ultrasound guidance during arterial puncturing
and use of a percutaneous closure device to perform haemostasis—significantly favoured
the endovascular choice, even in hostile groins [11,30–32].

Finally, in-hospital stay has become an important goal of public health management,
which aims to reduce in-hospital management costs and favours patient turn-over [33,34].
The cost of the materials used in the open group must also be considered as they result
in higher expenses being incurred than the standard endovascular procedure does. We
did not use expensive devices, such as atherectomy, lithotripsy, intravascular ultrasound,
or re-entry devices; this may explain the aforementioned cost differences found in this
study. However, the costs incurred for patients in the open group were related to our use
of heparin-bonded ePTFE grafts, which are expensive.

Limitations of This Study

The main limitation of this study was its retrospective nature. The presence of a sub-
group wherein vein grafts were used may have benefitted this study. However, applying
specific criteria helped us to obtain two homogeneous groups for comparison, and the use
of several endpoints contributed to the overall comprehensiveness of this study.

5. Conclusions

Endovascular procedures can be safely performed in patients at a high risk for surgery
and deliver good outcomes at 2 and 4 years. Endovascular procedures have better long-term
outcomes for many endpoints than prosthetic bypasses do; thus, endovascular procedures
could be considered the first-line strategy for use in treating complex femoro-popliteal
lesions. Revascularisation with a prosthetic bypass remains a superior procedure in term of
technical success, even in cases where the endovascular approach has failed.

Author Contributions: Conceptualization, V.G.; Methodology, P.A. and V.G.; Software, G.Z.; For-
mal analysis, G.B.; Investigation, A.M.C.; Data curation, A.M.C.; Writing—original draft, G.Z.;
Writing—review & editing, L.T.; Supervision, L.T. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was supported partially by Azienda Ospedaliero Universitaria di Ferrara.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of the Independent Ethics Committee and was registered with N. ER.FE.2022.15.

Informed Consent Statement: The requirement for patient consent was waived given the retrospec-
tive nature of the study. To enhance clarity, the study adhered to the STROBE guidelines.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Conte, M.S.; Bradbury, A.W.; Kolh, P.; White, J.V.; Dick, F.; Fitridge, R.; Mills, J.L.; Ricco, J.-B.; Suresh, K.R.; Murad, M.H.; et al.

Global Vascular Guidelines on the Management of Chronic Limb-Threatening Ischemia. Eur. J. Vasc. Endovasc. Surg. 2019, 58,
S1–S109.e33. [CrossRef]

2. Norgren, L.; Hiatt, W.R.; Dormandy, J.A.; Nehler, M.R.; Harris, K.A.; Fowkes, F.G.; TASC II Working Group. Inter-Society
Consensus for the Management of Peripheral Arterial Disease (TASC II). Eur. J. Vasc. Endovasc. Surg. 2007, 33, S1–S75. [CrossRef]
[PubMed]

3. Almasri, J.; Adusumalli, J.; Asi, N.; Lakis, S.; Alsawas, M.; Prokop, L.J.; Bradbury, A.; Kolh, P.; Conte, M.S.; Murad, M.H. A
systematic review and meta-analysis of revascularization outcomes of infrainguinal chronic limb-threatening ischemia. J. Vasc.
Surg. 2019, 69, 126S–136S. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ejvs.2019.05.006
https://doi.org/10.1016/j.ejvs.2006.09.024
https://www.ncbi.nlm.nih.gov/pubmed/17140820
https://doi.org/10.1016/j.jvs.2018.01.071
https://www.ncbi.nlm.nih.gov/pubmed/31159976


J. Clin. Med. 2023, 12, 5978 10 of 11

4. Bradbury, A.; Wilmink, T.; Lee, A.J.; Bell, J.; Prescott, R.; Gillespie, I.; Stansby, G.; Fowkes, F.R. Bypass versus angioplasty to treat
severe limb ischemia: Factors that affect treatment preferences of UK surgeons and interventional radiologists. J. Vasc. Surg. 2004,
39, 1026–1032. [CrossRef] [PubMed]

5. Farber, A.; Menard, M.T.; Conte, M.S.; Kaufman, J.A.; Powell, R.J.; Choudhry, N.K.; Hamza, T.H.; Assmann, S.F.; Creager, M.A.;
Cziraky, M.J.; et al. Surgery or Endovascular Therapy for Chronic Limb-Threatening Ischemia. N. Engl. J. Med. 2022, 387,
2305–2316. [CrossRef]

6. Poletti, L.F.; Matsuura, J.H.; Dattilo, J.B.; Posner, M.P.; Lee, H.M.; Scouvart, M.; Sobel, M. Should vein be saved for future
operations? A 15-year review of infrainguinal bypasses and the subsequent need for autogenous vein. Ann. Vasc. Surg. 1998, 12,
143–147. [CrossRef]

7. Dirven, M.; Scharn, D.; Blankensteijn, J.; van der Vliet, J. Preservation for future use of the autologous saphenous vein during
femoro-popliteal bypass surgery is inexpedient. Eur. J. Vasc. Endovasc. Surg. 2008, 36, 420–423. [CrossRef]

8. Rutherford, R.B.; Baker, J.; Ernst, C.; Johnston, K.; Porter, J.M.; Ahn, S.; Jones, D.N. Recommended standards for reports dealing
with lower extremity ischemia: Revised version. J. Vasc. Surg. 1997, 26, 517–538; Erratum in J. Vasc. Surg. 2001, 33, 805. [CrossRef]

9. Zenunaj, G.; Traina, L.; Serra, R.; Camagni, A.; Mucignat, M.; Gasbarro, V. The impact of a prior revascularization procedure on
the outcome of a future lower limb bypass for chronic threatened limb ischemia. Ital. J. Vasc. Endovasc. Surg. 2021, 28, 65–70.
[CrossRef]

10. Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; Strobe Initiative. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. BMJ
2007, 335, 806–808. [CrossRef]

11. Zenunaj, G.; Traina, L.; Acciarri, P.; Mucignat, M.; Scian, S.; Alesiani, F.; Serra, R.; Gasbarro, V. Superficial Femoral Artery Access
for Infrainguinal Antegrade Endovascular Interventions in the Hostile Groin: A Prospective Randomized Study. Ann. Vasc. Surg.
2022, 86, 127–134. [CrossRef] [PubMed]

12. Troisi, N.; De Blasis, G.; Salvini, M.; Michelagnoli, S.; Setacci, C.; LIMBSAVE Registry Collaborative Group. Preliminary six-month
outcomes of LIMBSAVE (treatment of critical Limb IscheMia with infragenicular Bypass adopting in situ SAphenous VEin
technique) registry. Vascular 2021, 29, 589–596. [CrossRef] [PubMed]

13. Adam, D.J.; Beard, J.D.; Cleveland, T.; Bell, J.; Bradbury, A.W.; Forbes, J.F.; Fowkes, F.G.R.; Gillepsie, I.; Ruckley, C.V.; Raab, G.;
et al. Bypass versus angioplasty in severe ischaemia of the leg (BASIL): Multicentre, randomised controlled trial. Lancet 2005, 366,
1925–1934. [CrossRef] [PubMed]

14. van Reijen, N.S.; Ponchant, K.; Ubbink, D.T.; Koelemay, M.J. Editor’s Choice—The Prognostic Value of the WIfI Classification in
Patients with Chronic Limb Threatening Ischaemia: A Systematic Review and Meta-Analysis. Eur. J. Vasc. Endovasc. Surg. 2019,
58, 362–371. [CrossRef]

15. Schillinger, M.; Sabeti, S.; Loewe, C.; Dick, P.; Amighi, J.; Mlekusch, W.; Schlager, O.; Cejna, M.; Lammer, J.; Minar, E. Balloon
angioplasty versus implantation of nitinol stents in the superficial femoral artery. N. Engl. J. Med. 2006, 354, 1879–1888. [CrossRef]

16. Dick, P.; Wallner, H.; Sabeti, S.; Loewe, C.; Mlekusch, W.; Lammer, J.; Koppensteiner, R.; Minar, E.; Schillinger, M. Balloon
angioplasty versus stenting with nitinol stents in intermediate length superficial femoral artery lesions. Catheter. Cardiovasc.
Interv. 2009, 74, 1090–1095. [CrossRef]

17. Laird, J.R.; Katzen, B.T.; Scheinert, D.; Lammer, J.; Carpenter, J.; Buchbinder, M.; Dave, R.; Ansel, G.; Lansky, A.; Cristea, E.; et al.
Nitinol stent implantation versus balloon angioplasty for lesions in the superficial femoral artery and proximal popliteal artery:
Twelve-month results from the RESILIENT randomized trial. Circ. Cardiovasc. Interv. 2010, 3, 267–276. [CrossRef]

18. Bausback, Y.; Wittig, T.; Schmidt, A.; Zeller, T.; Bosiers, M.; Peeters, P.; Brucks, S.; Lottes, A.E.; Scheinert, D.; Steiner, S. Drug-
Eluting Stent Versus Drug-Coated Balloon Revascularization in Patients with Femoropopliteal Arterial Disease. J. Am. Coll.
Cardiol. 2019, 73, 667–679. [CrossRef]

19. Okuno, S.; Iida, O.; Shiraki, T.; Fujita, M.; Masuda, M.; Okamoto, S.; Ishihara, T.; Nanto, K.; Kanda, T.; Takahara, M.; et al. Impact
of Calcification on Clinical Outcomes after Endovascular Therapy for Superficial Femoral Artery Disease: Assessment Using the
Peripheral Artery Calcification Scoring System. J. Endovasc. Ther. 2016, 23, 731–737. [CrossRef]

20. Fanelli, F.; Cannavale, A.; Gazzetti, M.; Lucatelli, P.; Wlderk, A.; Cirelli, C.; D’adamo, A.; Salvatori, F.M. Calcium burden
assessment and impact on drug-eluting balloons in peripheral arterial disease. Cardiovasc. Interv. Radiol. 2014, 37, 898–907.
[CrossRef]

21. Lorenzoni, R.; Ferraresi, R.; Manzi, M.; Roffi, M. Guidewires for lower extremity artery angioplasty: A review. EuroIntervention
2015, 11, 799–807. [CrossRef]

22. Mulholland, D.; Thulasidasan, N.; Patel, A.; Katsanos, K.; Diamantopoulos, A. The Outback Re-Entry Device. A Pictorial Review.
Vasc. Endovasc. Surg. 2021, 55, 593–600. [CrossRef] [PubMed]

23. Bhat, T.M.; Afari, M.E.; Garcia, L.A. Atherectomy in Peripheral Artery Disease: A Review. J. Invasive Cardiol. 2017, 29, 135–144.
[PubMed]

24. Wardle, B.G.; Ambler, G.K.; Radwan, R.W.; Hinchliffe, R.J.; Twine, C.P. Atherectomy for peripheral arterial disease. Cochrane
Database Syst. Rev. 2020, 9, CD006680. [CrossRef]

25. Zenunaj, G.; Traina, L.; Acciarri, P.; Cosacco, A.M.; Alesiani, F.; Baldazzi, G.; Gasbarro, V. Primary Drug-Coated Balloon Versus
Drug-Eluting Stent for Native Atherosclerotic Femoropopliteal Lesions: A Systematic Review and Meta-Analysis. Ann. Vasc.
Surg. 2023, 92, 294–303. [CrossRef]

https://doi.org/10.1016/j.jvs.2004.01.031
https://www.ncbi.nlm.nih.gov/pubmed/15111856
https://doi.org/10.1056/NEJMoa2207899
https://doi.org/10.1007/s100169900131
https://doi.org/10.1016/j.ejvs.2008.06.012
https://doi.org/10.1016/S0741-5214(97)70045-4
https://doi.org/10.23736/S1824-4777.21.01517-5
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1016/j.avsg.2022.04.017
https://www.ncbi.nlm.nih.gov/pubmed/35460853
https://doi.org/10.1177/1708538120966126
https://www.ncbi.nlm.nih.gov/pubmed/33090947
https://doi.org/10.1016/s0140-6736(05)67704-5
https://www.ncbi.nlm.nih.gov/pubmed/16325694
https://doi.org/10.1016/j.ejvs.2019.03.040
https://doi.org/10.1056/NEJMoa051303
https://doi.org/10.1002/ccd.22128
https://doi.org/10.1161/CIRCINTERVENTIONS.109.903468
https://doi.org/10.1016/j.jacc.2018.11.039
https://doi.org/10.1177/1526602816656612
https://doi.org/10.1007/s00270-014-0904-3
https://doi.org/10.4244/EIJV11I7A164
https://doi.org/10.1177/1538574421996907
https://www.ncbi.nlm.nih.gov/pubmed/33622182
https://www.ncbi.nlm.nih.gov/pubmed/28368845
https://doi.org/10.1002/14651858.cd006680.pub3
https://doi.org/10.1016/j.avsg.2023.01.043


J. Clin. Med. 2023, 12, 5978 11 of 11

26. Tepe, G.; Schneider, P.A.; Brodmann, M.; Krishnan, P.; Micari, A.; Metzger, C.; Scheinert, D.; Zeller, T.; Cohen, D.J.;
Snead, D.B.; et al. Drug-coated balloon versus standard percutaneous transluminal angioplasty for the treatment of superficial
femoral and popliteal peripheral artery disease: 12-month results from the IN.PACT SFA randomized trial. Circulation 2015, 131,
495–502. [CrossRef] [PubMed]

27. Jaff, M.R.; Rosenfield, K.; Scheinert, D.; Rocha-Singh, K.; Benenati, J.; Nehler, M.; White, C.J. Drug-coated balloons to improve
femoropopliteal artery patency: Rationale and design of the LEVANT 2 trial. Am. Heart J. 2015, 169, 479–485. [CrossRef] [PubMed]

28. Bradbury, A.W.; Moakes, C.A.; Popplewell, M.; Meecham, L.; Bate, G.R.; Kelly, L.; Chetter, I.; Diamantopoulos, A.; Ganeshan,
A.; Hall, J.; et al. A vein bypass first versus a best endovascular treatment first revascularisation strategy for patients with
chronic limb threatening ischaemia who required an infra-popliteal, with or without an additional more proximal infra-inguinal
revascularisation procedure to restore limb perfusion (BASIL-2): An open-label, randomised, multicentre, phase 3 trial. Lancet
2023, 401, 1798–1809. [CrossRef]

29. Kluckner, M.; Gratl, A.; Wipper, S.H.; Hitzl, W.; Nierlich, P.; Aspalter, M.; Linni, K.; Enzmann, F.K. Comparison of Prosthetic and
Vein Bypass with Nitinol Stents in Long Femoropopliteal Lesions. Ann. Vasc. Surg. 2022, 78, 272–280. [CrossRef]

30. Chaudhuri, A.; York, A.; Dey, R. Percutaneous vascular closure using an anchored collagen plug provides effective haemostasis
following both antegrade and retrograde femoral arterial punctures. Eur. J. Vasc. Endovasc. Surg. 2014, 48, 220–225. [CrossRef]

31. Noori, V.J.; Eldrup-Jørgensen, J. A systematic review of vascular closure devices for femoral artery puncture sites. J. Vasc. Surg.
2018, 68, 887–899. [CrossRef] [PubMed]

32. Zenunaj, G.; Traina, L.; Acciarri, P.; Spataro, C.; Gasbarro, V. Revascularisation through the obturator foramen of lower limbs with
a compromised ipsilateral groin due to infection. Ann. R. Coll. Surg. Engl. 2020, 102, 14–17. [CrossRef] [PubMed]

33. Doshi, R.; Rao, G.; Shlofmitz, E.; Donnelly, J.; Meraj, P. Comparison of In-Hospital Outcomes After Percutaneous Revascularization
for Peripheral Arterial Disease in Patients with a Body Mass Index of >30 kg/m2 versus ≤30 kg/m2 (from the National Inpatient
Sample). Am. J. Cardiol. 2017, 120, 1648–1652. [CrossRef]

34. Dakour-Aridi, H.; Arora, M.; Nejim, B.; Locham, S.; Malas, M.B. Association between Drug Use and In-hospital Outcomes after
Infrainguinal Bypass for Peripheral Arterial Occlusive Disease. Ann. Vasc. Surg. 2019, 58, 122–133.e4. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIRCULATIONAHA.114.011004
https://www.ncbi.nlm.nih.gov/pubmed/25472980
https://doi.org/10.1016/j.ahj.2014.11.016
https://www.ncbi.nlm.nih.gov/pubmed/25819854
https://doi.org/10.1016/s0140-6736(23)00462-2
https://doi.org/10.1016/j.avsg.2021.05.052
https://doi.org/10.1016/j.ejvs.2014.04.017
https://doi.org/10.1016/j.jvs.2018.05.019
https://www.ncbi.nlm.nih.gov/pubmed/30146036
https://doi.org/10.1308/rcsann.2019.0070
https://www.ncbi.nlm.nih.gov/pubmed/31155915
https://doi.org/10.1016/j.amjcard.2017.07.065
https://doi.org/10.1016/j.avsg.2018.12.070
https://www.ncbi.nlm.nih.gov/pubmed/30769072

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

