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Abstract: Aim. Atherosclerotic complex femoropopliteal lesions have traditionally been treated
with bypass surgery. A prosthetic graft is used to save the vein graft for more distal
revascularization or when unavailable. However, the endovascular approach has gained popularity
and is offered as first-line strategy for complex lesions. This study aimed to evaluate whether
endovascular procedures for complex femoropopliteal native lesions can be a first-line treatment
strategy over open surgery with prosthetic bypass in patients with peripheral arterial disease (PAD).
Methods. A retrospective study was conducted between 2013 and 2021 to identify patients with
symptomatic PAD who required limb revascularization at the femoropopliteal segment and
complex lesions (TASC II C and D). Primary endpoints were technical success, primary patency,
freedom from clinically driven target lesion revascularization (cdTLR), freedom from major adverse
limb and cardiovascular events (MALE and MACE), freedom from limb loss, and survival.
Secondary endpoints were length of in-hospital stay, duration of the procedure, and costs. Results.
We identified 185 limbs among 174 suitable candidates for comparison, wherein 105 were treated
with endovascular procedure and 80 with femoral popliteal prosthetic bypass. Most patients in both
groups presented with chronic limb-threatening limb ischemia, and all were ASA >3. There were
more octogenarians (p = 0.02) and patients with coronary disease (p = 0.004) in the endovascular
group. Median follow-up was 30 months. Technical failure rate for endovascular procedures was
4.8% vs 0% in the open group (p 0.003). 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 months. Further analysis performed for
the open above-the-knee subgroup showed that the aforementioned endpoints were similar at 12
months, and favoured the endovascular group at 24 months. Procedural time and in-hospital stay
were longer in the open group (p<0.0001 and p<0.001). Finally, procedural cost was 10-fold lower in
the endovascular bypass group than in the prosthetic bypass group. Conclusion. Endovascular
procedures for complex femoropopliteal lesions are safe in patients at high risk for surgery and
show better outcomes at 24 months than prosthetic bypasses. The latter may be considered as an
alternative in cases of endovascular failure.

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

1. Introduction

The incidence of critical threatening limb ischemia (CTLI) is increasing as the aging population
and cardiovascular disease increase, leading to significant social and economic impacts [1]. For
decades, an endovascular approach has been offered for less complex lesions (TASC II A and B) and
for patients at high risk for surgery. In contrast, open surgery is offered to patients with more complex
lesions (TASC II C and D) and considered at low or moderate risk for surgery. However, significant
improvements in endovascular technology and improving knowledge of atherosclerotic lesions have

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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overcome these limitations. Currently, the endovascular approach is offered as a first-line strategy,
even for complex lesions. However, open revascularization performed using a vein graft have
demonstrated their efficacy and durability against endovascular procedures over time.
Unfortunately, numerous situations exist where a suitable vein graft is unavailable, and many
practitioners would prefer prosthetic grafts. Moreover, in cases where femoropopliteal bypass above
the knee is required and a suitable vein is available, the tendency is to save the vein for more distal
revascularizations. In this study, we sought to evaluate whether the endovascular approach for
complex femoropopliteal lesions could be advantageous over prosthetic bypass in real-world practice
for patients with peripheral arterial disease (PAD).

2. Materials and Methods

This retrospective investigation was performed between January 2013 and December 2021, to
identify patients with symptomatic PAD. Patients who underwent open or endovascular limb
revascularization for symptomatic PAD were included in the study. Clinical limb presentation was
described using the Rutherford classification [2]. Open or endovascular limb revascularization for
complex femoropopliteal lesions was classified as TASC II C and D according to the Trans-Atlantic
Inter-Society Consensus for the Management of Peripheral Arterial Disease [3]. In the endovascular
group, patients requiring procedures in below-the-knee (BTK) vessels aside from femoropopliteal
revascularization were excluded. Finally, patients with a history of revascularization, either open or
endovascular, at any level of the target lower limb arteries were excluded from this study.

The study was approved by the Institutional Review Board of the Independent Ethics Committee
(IRB-IEC) and was registered with N. ER.FE.2022.15. Patient consent was waived given the retrospective
nature of the study. To enhance clarity, the study ascribed to the STROBE guidelines [4]. Data regarding
demographics, comorbidities, clinical limb presentation, characteristics of the vessel target, and runoff
quality before and after the procedure were collected and analysed. Characteristics of the interventions
regarding vascular access, devices used, and diameters were also analysed.

Technical success was defined as evidence of successful revascularization with residual stenosis
less than 30% after angioplasty and 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 target lesion
revascularization (cdTLR), freedom from major adverse limb events (MALE) [major amputation, any
intervention to restore patency], freedom from major 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.

Statistical analysis. Continuous variables are presented as means + standard deviation for
normally distributed data. Variables are presented as percentages. Standardized mean differences
were used to compare the prevalence between groups, with statistical significance set at P values
>0.05. Primary endpoints were presented by Kaplan-Meier curves, and statistical significance was
evaluated by the log-rank test.

3. Results

We identified 185 limbs among 174 patients suitable for comparison, wherein 105 were treated
with endovascular procedures and 80 with femopopliteal prosthetic bypass. There were no
significant differences between the open and endovascular groups regarding TASC II C and D lesions
or clinical limb presentation (Figure 1). In the open group, there were fewer octogenarians (p = 0.02),
and no nonagenarians were treated. In the endovascular group, there was a significant prevalence of
patients suffering from coronary disease (p =0.004) [Table 1]. Despite the differences in age and CAD
rate, there were no differences when the patients were classified according to anaesthesia risk (ASA)
[Figure 1]. The median follow-up in January 2023 was 30 months (range:1-4 years) and was done in
outpatients by clinical and ultrasound examinations at 1 and 6 months, and annually thereafter.
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Figure 1. Clinical limb presentation and the distribution of the Physical Status Classification System
(ASA). IC—intermittent claudication, CLI—critical limb ischemia.

Table 1. Demographics and comorbidities for each group. CAD —coronary artery disease, COPD—

chronic pulmonary disease. * History of ischemic stroke.

Demographics Endovascular
Comorbidities (n = 98) p value
Mean age 74 +8 79+9 -
Age >80 20 (26.3%) 40 (40.8%) 0.045
Age =90 0 (0%) 6 (6,1%) 0.028
Male 49 (64%) 59 (60%) 0.5648
Female 27 (36%) 39 (40%) 0.5648
Current Smokers 22 (29%) 18 (18%) 0.0999
Systemic hypertension 72 (95%) 90 (92%) 0.4539
Dyslipidemia 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
CAD 35 (46%) 66 (67%) 0.0047
COPD 13 (17%) 15 (15%) 0.7487
Stroke * 7 (9%) 22 (22%) 0.0201

Run-off vessel quality was worse in the endovascular group, with 11 cases of desert foot, versus
none in the open group (Table 2). In contrast, there were more limbs with 3-runoff vessels in the open

group (p <0.001).
Table 2. The quality of run-off vessels for each group.
Run-off Open Endovascular p
No 80 105
BTK vessels No limbs No limbs
0 0 11 0.002
1 30 40 0.462
2 22 44 0.042
3 28 10 0.001
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In the endovascular group, 52 procedures were performed percutaneously by puncturing the
femoral artery under ultrasound guidance. Hemostasis was done using a percutaneous closure
device (AngioSeal Vip, 6 Fr, Terumo). Vascular access was achieved using the femoral cutdown
technique in the same group, (Table 3). These different approaches followed another study which
evaluated the outcomes between the two vascular accesses after randomization [5]. The technical
failure of the endovascular procedures was of 4.7% vs 0% in the open group (p = 0.003). In the
endovascular group, failure occurred only in cases with totally occluded calcific lesions regardless of
the extension in length. These were characterized by failure to cross the lesion with the guidewire in
three cases and failure to re-enter the true lumen after crossing it subintimally in the remaining two
cases. These five limbs underwent femoro-popliteal bypass above the knee in three cases using an
expanded polytetrafluoroethylene (ePTFE) graft and BTK in the remaining two cases using the
ipsilateral great saphenous vein. 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 months.
Further analysis for the open above-the-knee subgroup showed that the above-mentioned endpoints
were similar at 12 months and favoured the endovascular group at 24 months (Figure 2). Freedom
from MACE and survival rates were similar in both groups (Figure 3). The 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). Patients presenting with post-procedural haemoglobin loss was more evident in the
open group. For the open surgery group, there were more complications related to vascular access
and groin incision, including dehiscence, infection, lymphorrhea, and hematoma (Table 4). In the
percutaneous group there were two groin hematomas which were managed conservatively by
compression and in one case there was acute thrombosis due to unsuccessful percutaneous closure
device deployment. Finally, the procedural cost was 10-fold lower in the endovascular bypass group
than in the prosthetic bypass group. All prosthetic grafts consisted of ePTFE. In the open group, the
cost of the material used did not differ from one procedure to another and ranged from 2500 to 3000
euros. In contrast, in the endovascular group, expenditures depended on the type and number of
devices used, such as guidewires, balloons, and stents. For a standard procedure, expenditures
fluctuated around 243 + 150 euros and increased for paclitaxel-coated devices varying from 590 to
850 euros, bare metal stents + 340 euro, and on the number of stents delivered.

Table 3. Technical features of open and endovascular groups regarding the devices, graft, and
vascular access chosen. SFA—superficial femoral artery, DCB—drug coated balloon, pBMS—
provisional bare metal stent, pPDES—provisional drug eluting stent.

Open group No of limbs 80 (%)

Above the knee 41 (51,2%)

Below the knee 39 (48,7%)
Graft material Heparin ePTFE graft 80 (100%)

60 mm 38 (47,5%)
Graft diameter 70 mm 36 (45%)
8 mm 6 (7,5%)
Endovascular group No of limbs 105 (%)
Cutdown 48 (45,7%)

Vascular access Ipsilateral 12 (11,4 %)

Percutaneous 52 (49,5%) Contralateral 40 (38%)

Percutaneous closure device 52 (49,5%)
Surgical suture 48 (45,7%)

Hemostasis
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Figure 3. Kaplan-Meier curves for freedom from MACE and survival rate.

Table 4. Characteristics of the anesthesiologic approach, adjunctive procedures, intervention course,
complications at the groin access, and the post-operative medications. CFA —common femoral artery,
DAPT—dual antiplatelet therapy. * All complications occurred at the groin, # the conditions

overlapped in the same surgical incision and occurred within 30 days.

. . Open Endovascular
Anesthesiologic management (n E 80) (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
Adjuctive procedures
CFA endaterectomy 21 (26,2%) a aztigiﬁcf)n)ny ) 0.491
Popliteal endarectomy 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
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6
Overall intervention duration (min) * 273 + 96 146 + 89 <0.0001
Duration of the intervention (min) * Open Endovascular percutaneous
(n = 80) (n=52)
273 £ 96 78 £ 37 < 0.00001
Hemoglobin loss Hb > 3 g/dl 13 (16,25%) 7 (7%) 0.049
Open Endovascular percutaneous
(n = 80) (n=52)
Hemoglobin loss Hb > 3 g/dl 13 (16,25%) 0 (0%) 0.002
Overall vascular access # 9 (11,2%) 3(2,8%) 0.021
Dehiscence 6 0
Infection 4 0
Lymphorrhea 6 0
Hematoma 1 3
Post intervention therapy
DAPT 3 months 52 (65%) 80 (76,1%) -
Anticoagulant 13 (16,2%) 0 (0%) -
Anticoagulant plus antiplatelet 15 (18,7%) 25 (23,8%) -

4. Discussion

Atherosclerotic complex femoropopliteal lesions have been traditionally treated with
femoropopliteal bypass, with vein grafts being used as conduits having the best results based on
long-term patency [6,14]. However, several situations lead to choosing a prosthetic graft, such as
unavailability of a suitable vein graft. In select above-the-knee cases, femoropopliteal bypass is
required, and most surgeons tend to spare the vein for more distal revascularization. However, the
endovascular approach, once reserved for short lesions (TASC II A and B) and frail patients, is
currently considered as an alternative to open surgery, even for complex lesions in many centres.
This has become possible owing to the continuous technological advancement in the endovascular
field, bringing numerous devices dedicated to each stage of the procedure, thus leading to a
substantial improvement in outcomes based on technical success and long-term primary patency [7—-
11]. In this study, we aimed to evaluate whether the endovascular approach for long complex lesions
could be advantageous for femoro-popliteal prosthetic bypasses regardless of lesion features and
anesthesiologic risk. The value of this study is related to the homogeneity of both groups regarding
treated lesions, territory affected, clinical limb presentation, and ASA risk.

In our study regarding technical success, open surgery was superior in completing
revascularization. Technical failure in our experience was mainly influenced by calcification of the
lesions. Calcium is considered a strong predictor of technical failure and patency loss, and several
models have been presented to predict outcomes such as the peripheral artery scoring system
(PACSS) and Fanelli score [12,13]. Regarding this aspect, only complete vessel occlusion influenced
technical success rather than extension of the 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.
However, the technical failure rate in our study (4.7%) was significantly lower than the 20% technical
success rate for endovascular procedures reported in the BASIL I trial which compared the outcomes
in the open and endovascular arms for complex femoro-popliteal lesions [14]. However, the data
reported in this study should be considered outdated as the technical success with new devices is
approximately 99%. The main technical issues in these cases are related mainly to failure in crossing
the lesion. Moreover, in some cases it is crossed in a subintimal manner to find the reentry point
distally. 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. Moreover, to
overcome the reentry issue in the market there are several devices have been proven safety and
efficacy in terms of technical success [15]. Another issue consists of delivering the devices such as
balloons and stents once the lesion has been crossed with a guidewire. In these cases, using
atherectomy to remove, even partially, the plaque becomes useful to deliver the above-mentioned
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devices [16,17]. In conclusion, on one hand, these devices substantially increase procedural cost but
also increases the success rate of the endovascular procedure for complex lesions. Several studies
have reported the need for adjunctive procedures such as atherectomy and provisional stents when
dealing with complex femoropopliteal lesions [18].

Another aspect widely adopted in many centers involves offering endovascular treatment as a
minimally invasive approach for frail patients, as is observed in our study. In our cohort, patients
treated endovascularly had significantly more comorbidities, while older patients and nonagenarians
were not treated using the open approach. However, this choice should be justified in cases where
open arm offers better clinical and long-term outcomes based on primary patency, cdTLR, MALE,
and survival. Angioplasty with simple old plain balloons is known to offer poor results for long
lesions. Here, the need for adjunctive procedures is performed, such as utilising drug-coated devices
to improve clinical outcomes [11,19-23]. In the Basil I trial, drug-coated devices or provisional stents
were not used which may explain the poor outcomes, in terms of primary patency in the
endovascular arm. Overall, the open approach did not have advantages over the endovascular group
as the overall long-term outcomes were worse in the open group. In the above-the-knee subgroup,
the outcomes, in terms of primary patency, were similar within the first 24 months and then favored
the endovascular arm thereafter. In these patients, an endovascular first-line strategy would have
been beneficial in terms of operating time, intraoperative blood loss, fast functional recovery, and
early discharge. Moreover, in our study, the endovascular approach was beneficial for vascular access
management and complications. In this aspect, percutaneous procedures, especially those supported
by ultrasound guidance during arterial puncturing and using a percutaneous closure device to
perform hemostasis, significantly favored the endovascular choice, even in hostile groins [5,21,23].

Finally, in-hospital stay has become an important goal of public health management which aims
to reduce in-hospital management costs and favor patient turnover. Another aspect to deal with is
the cost of the materials used in the open group which resulted in higher expenses compared with
standard endovascular procedure. Since we did not use expensive devices, such as atherectomy,
lithotripsy, intravascular ultrasound, or re-entry devices, it may explain the aforementioned
differences. However, the cost of the open group was related to our attitude toward using ePTFE
grafts which are expensive.

Limitations of this Study. The main limitation of this study is its retrospective nature. Moreover,
the presence of a subgroup wherein vein grafts were used may have beneficial to this study.
However, applying specific criteria helped us obtain two homogeneous groups for comparison.
Additionally, the many endpoints contributed to the overall completeness of this study.

5. Conclusions

Endovascular procedures are safe in patients at high risk for surgery and show good outcomes
at 24 months. Considering the better long-term results in many endpoints of endovascular
procedures over prosthetic bypasses, they could be considered the first-line treatment for
femoropopliteal complex lesions. Open procedures can be considered as second-line after failure of
an endovascular approach in the same arterial territory.
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