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Introduction
Critical Limb Ischemia (CLI) represents the final stage of 
Peripheral Arterial Disease (PAD), in which the macro-vascular 
lesions induce such a reduction of the distal perfusion pressure 
that microcirculation and transport of nutrients are severely 
altered. The definition of critical ischemia has evolved over time, 
from the initial document of 1991 (Second European Meeting 

Consensus document on CLI) to TASC I and II. Clinically is defined 
as a “persistently recurring ischemic rest pain requiring regular 
adequate analgesia for more than two weeks with an ankle systolic 
pressure ≤50 mmHg and/or toe systolic pressure ≤30 mmHg; 
ulceration or gangrene of the foot or toes, with an ankle systolic 
pressure ≤50 mmHg or toe systolic pressure ≤30 mmHg [1]”. The 
real incidence of critical limb ischemia is 500-1000 cases per year/
million [2]. CLI is a very severe clinical condition, with a high risk 
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operating theatre equipped with a portable fluoroscopy unit (GE-
OEC 9800/GE-OEC 9009; GE Medical Systems, Salt Lake City, UT, 
USA). Overall 15 patients underwent endovascular correction 
for acute bleeding. In all these patients endovascular exclusion 
was performed by positioning of a Viabahn Endoprosthesis® 
(W.L. Gore & Associates, Newark, DE, USA) (Mean diameter 
7 mm, length from 50 to 150 mm). Our choice fell on Viabahn 
Endoprosthesis® as the treatment of the Superficial Femoral 
Artery (SFA) require a flexible stent-graft capable of re-lining 
tortuous arteries and conform closely to the complex anatomy 
of the artery. In our opinion this device seems to have the most 
appropriate features.

Surgical repair: In these cases we paid particular attention 
to respect the anatomy of the surgical access, to avoid over-
handling of lymph node packages (when the review of proximal 
anastomosis required a surgical inguinal access), to drain the 
hematoma as much as possible and to perform all the possible 
maneuvers to reduce the risk of intraoperative infection.

Post-operative management: All patients underwent 
anticoagulation or antiplatelet therapy, antibiotic therapy and 
close ultrasound follow–up (1, 3, 6, 12 months). 

Statistical analysis
The Kaplan Meier method was used to show the trend in the 
two groups. The log rank test was used in order to detect any 
statistically significant difference between the two curves. 
Significance level was set at P<0.05. Stata® SE, version 12.1, 
StataCorp, College Station, Texas, USA software was used for the 
analysis. We report mortality rates, patency and limb salvage at 
12 months in both groups of patients.

Results
Of the 32 patients treated for acute bleeding in previous PB, 
11 underwent endovascular correction (Figures 1 and 2) with a 
technical success of 100% (no need for re-intervention), while in 
21 patients was performed a surgical revision (Figure 3). Among 
the latter, in 4 cases (19.1%) an early bleeding occurred, and 
endovascular correction was promptly performed solving the 
bleeding in the absence of sequelae (then a total of 15 patients 
were treated by endovascular correction).

Surgical repair
Among the 21 initial patients, considering the 4 underwent early 
endovascular correction plus 2 patients experiencing graft failure 
(one patient after six months for obstruction and infection of 
PTFE bypass (Figure 4) and another after 8 months for acute limb 
ischaemia with occlusion of distal anastomosis on tibio-peroneal 
trunk, both hesitated in amputation) we have a patency rate at 12 
months of 71.4% (15 of 21). As regards the limb salvage rate and 
the survival rate at 12 months we have considered the remaining 
17 patients (the 4 patients undergoing endovascular correction 
were subsequently considered in that group), obtaining a limb 
salvage rate of 88.2% (15 of 17) and a survival rate of 88.2% (15 
of 17). As already mentioned, the two patients who underwent 
amputation are the same of the graft failure: one at 6 months 
for infection of the bypass, which necessitated explant and 

of major amputation, disability and death. At its presentation, 20-
25% of patients are subjected to primary amputation, 50-60% are 
subjected to revascularization (surgical and/or endovascular) and 
25% are subjected to medical treatment. At one year 20-25% of 
patients died, 25-30% underwent major amputation, 20% still will 
present critical ischemia, and only 25% of subjects will be healthy 
(free of signs and symptoms and without having undergone 
major amputation [1-4]. Atherosclerosis is the main cause of 
PAD, other risk factors are: smoke, diabetes, hypertension, 
hypercholesterolemia and hyperhomocysteinemia [5]. Medical 
treatment of these risk factors is therefore essential both for 
primary prevention and for recurrence prevention of this disease. 

Introduction of endovascular procedure shook up the concept of 
CLI treatment. The increasing experience of Vascular Surgeons 
in endovascular technique forced this specialist to match classic 
surgical skills with endovascular tools in order to achieve the best 
treatment for each patient. 

In recent years the number of peripheral artery revascularization 
has steadily increased. This increase has inevitably resulted in 
a relative raise of complications. Possible complications after 
packaging of a peripheral bypass are mainly due to anastomosis 
dehiscence (anastomosis’s tension, infection or rupture of the 
suture wire) or to a graft failure (traumatic, infective or iatrogenic), 
resulting often in an acute bleeding. This complication, although 
not very frequent, requires an immediate management to avoid 
sequelae which are often irreversible and potentially fatal. 

The Endovascular Correction (EC) has emerged in recent years 
as a possible alternative to surgical revision (SR) in case of 
bleeding complications after Peripheral Bypass (PB). The purpose 
of this study is to compare the efficacy and safety of these two 
techniques. To minimize the risks related to these procedures, 
it's important that these were performed by skilled operators in 
high-volume centers.

Materials and Methods
From January 2004 to December 2014, we have undergone 
surgery 32 patients for acute bleeding in previous Peripheral 
Bypass (PB) (25 venous bypass, in situ or reversed, 6 PTFE bypass 
and 1 composite bypass). All bypass had been packaged more 
than 30 days before the hemorrhagic event, in different centers. 
The cause of the bleeding was in 14 cases the dehiscence of 
proximal anastomosis, in 11 cases of distal anastomosis, and in 7 
cases the rupture of the graft.

Pre-operative test
All patients underwent clinical examination, ABI (ankle-brachial 
index) measurement [2-16], ultrasound examination and CT-
angiography scan. 

Intraoperative management
Endovascular correction: An angiography was performed at the 
beginning of the procedure in order to accurately map the femoro-
popliteal lesions and thus optimize the endovascular correction 
strategy. All patients were treated by a vascular surgeon in an 
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Endovascular correction
Among the 15 patients treated endovascularly (11 primitively and 
4 after failure of surgical repair) the patency rate at 12 months 
was 80% (12 of 15). Of the 3 patients experiencing graft failure 1 
underwent fibrinolysis for acute occlusion of an endobypass, with 
subsequent clinical worsening and amputation of the leg (Limb 
salvage rate: 14 of 15, 93.3%), while in 2 patients was observed 
at 6 and 12 months the occlusion of a Viabahn® positioned in 
the superficial femoral artery with rehabitation of the popliteal 
artery by collateral circulation. They have not been subjected to 
reintervention for poor symptomatology. There were no deaths 
in this group, with a survival rate at 12 months of 100%.

Summarizing the 12-months patency, limb salvage and survival 
rates were respectively 71.4%, 88.2% and 88.2% in the SR group 
and 80%, 93.3% and 100% in the EC (Figures 5-7).

Discussion
The overall management of patients with CLI has changed 
radically in recent years thanks to the development of new 
imaging techniques that allowed an early diagnosis and setting of 
medical treatment in a growing percentage of cases. The purpose 

Endovascular correction of acute bleeding in previous 
composite bypass. 1A: Pre-operative digital subtraction 
angiography; 1B: Post-operative results.

Figure 1

Endovascular correction of acute bleeding in previous 
endobypass for popliteal artery aneurysm exclusion. 
2A: Pre-operative digital subtraction angiography; 2B: 
Relining of endoprosthesis; 2C: Deployment of new 
endoprosthesis; 2D: Post-operative results.

Figure 2

major amputation, and the other patient at 8 months for acute 
limb ischemia from distal embolization in patients with atrial 
fibrillation who had been subjected to fibrinolysis. Despite this, 
the worsening led to the amputation of his leg. The latter patient 
also died during hospitalization for stroke, probably also by 
embolization, while another patient died at 11 months for acute 
myocardial infarction.

Surgical revision of proximal anastomosis failure in 
previous venous femoro-popliteal bypass. 3A: Pre-
operative digital subtraction angiography; 3B: Re-
packaging of proximal anastomosis; 3C: Post-operative 
results.

Figure 3

Infection of previous PTFE bypass.Figure 4
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occlusion, and provides an indirect evaluation of the degree of 
stenosis through the study of the flow velocity (upstream and 
downstream of the stenosis). It’s also useful to determine the 
actual need of surgery and to orientate the choice between classic, 
endovascular or hybrid intervention [17-19]. CT-Angiography or 
MRI can be used to complete the ultrasound study by providing a 
more detailed description of the vascular lesion and of the whole 
arterial tree, in anticipation of a reconstructive surgery or an 
endovascular approach [20-22]. Digital Subtraction Angiography 
(DSA), that in the past has been the gold standard in the diagnosis 
of PAD, has now been replaced by the imaging techniques 
mentioned above because it’s burdened with a certain mortality 
rate (0.16%) and morbidity rate (0.1%) due to severe reactions 
to the contrast medium [23-26]. Currently it’s a valuable tool 
used intraoperatively in the endovascular approach for a more 
accurate assessment of the level of stenosis and of collateral 
circulation, and to assess the outcome of the recanalization at 
the end of the procedure.

The degree of vascular axis involvement is able to significantly 
affect the choice to perform a revascularization and the modality 
with which perform it. Despite the recommendations of the TASC 
II (Table 1), in recent years there has been an increase in the use 
of primary endovascular correction outside of the traditional 
indications, except for disease limited to the femoral bifurcation 
(where the common femoral artery endarterectomy presents 
patency rates at 5 years of 91-93%) [27-29], although the data 
in the literature show the superiority of surgical techniques in 
terms of 5 years patency rates. This increasing use is commonly 
justified by the little invasiveness, the low peri-procedural 
morbidity and mortality rates and the easy repeatability of 
endovascular correction, and especially from the consideration 
that if the endovascular revascularization is performed preserving 
the landing-zones, this doesn’t foreclose the possibility of a 
subsequent bypass surgery.

There are also some clinical conditions of the patient to consider. 
If on one hand the surgical revascularization guarantees long 
term patency rates better than that of endovascular treatment 
(burdened by high percentage of restenosis), on the other hand 
the endovascular treatment does not require general anesthesia 
and can be performed with small drawbacks in patients with 
heart disease, renal failure or with an high surgical and anesthetic 
risk, and therefore is feasible even in patients who cannot be 
candidates for surgical bypass because of heavy comorbidity, 
reduced life expectancy, involvement of the possible sites of distal 
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Figure 7

of vascular imaging in CLI is to assess the anatomical position, 
the morphology and the extension of the lesion. The more used 
first level instrumental examination is the Duplex Ultrasound 
(DUS), thanks to its non-invasiveness, high reproducibility and 
low cost. It provides real-time information on the thickness of the 
arterial wall (intima-media), on location and size of the stenosis/

TASC A and D lesions: Endovascular therapy is the treatment of choice 
for type A lesions and surgery is the treatment of choice for type D 
lesions [C].
TASC B and C lesions: Endovascular treatment is the preferred 
treatment for type B lesions and surgery is the preferred treatment for 
good-risk patients with type C lesions. The patient's co-morbidities, fully 
informed patient preference and the local operator's long-term success 
rates must be considered when making treatment recommendations 
for type B and type C lesions [C].

Table 1: Recommendations to treatment of femoral popliteal lesions 
(TASC II) [3].
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anastomosis in the suffering tissue, unavailability of suitable veins 
or absence of adequate "landing zone".

Another Achilles Heel is represented from infection of the graft. 
According to the Centers for Disease Control (CDC) National 
Nosocomial Infections Surveillance System, vascular and 
endovascular interventions are clean procedures (risk index 
categories 1 and 2). Overall incidence of Vascular Surgical Site 
Infections (VSSI) should range between 2% and 6%. The reported 
incidence of infection involving synthetic vascular grafts is around 
2%, occurring after 0.2 to 6% of interventions [30-33]. This 
variability can be partially explained by differences in duration of 
post-operative follow-up, type of graft material and method of 
construction, use of antibiotic prophylaxis, and virulence of the 
infecting pathogens. Despite aggressive antibiotic administration 
and surgical treatment, overall mortality rates remain between 
10% and 50% and overall amputation rate between 15% and 60% 
[34]. Femoro-popliteal graft infections have a lower mortality 
(10-25%) [35,36]. Still, the amputation rate approaches 80% in 
some studies, especially when infected graft present with sepsis 
or anastomotic bleeding [37]. Infections are most common in 
grafts implanted in the inguinal region or in superficial locations, 
possibly associated with increased bacterial colonization and 
contamination with the patient’s skin flora at this site. Moreover 
the incidence of graft infection may significantly increase to 
2-3 times in case of redo-surgery [38]. For these reasons we 
believe that the endovascular correction is safer, reducing the 
manipulation of the graft, especially if it is to be involved the 
proximal anastomosis, requiring a surgical access in the groin.

Final consideration is the continuous and rapid development by 
industry of new devices (low profile and very long balloons, drug-
eluting balloons, directional atherectomy platforms, medicated 
and non-medicated stents, covered stents, etc.) that make 
the endovascular approach more feasible even in situations of 
extreme illness and especially ensuring better patency of the 
treated vessels.

In order to perform an endovascular correction, is essential 
the rapid availability of adequate devices. The success rates 
of this method are also affected by the rapidity of the surgical 
procedure and particularly from the experience of the operators. 
The feasibility of this treatment it’s therefore a prerogative of 
high-volume centers with dedicated experts and with a wide 
range of suitable devices. A professional figure such as that of 
the vascular surgeon is essential to choose the correct type of 
surgical approach as it is the only one with the ability to perform 
all kinds of procedure.

Conclusion
This topic underlines that endovascular correction after peripheral 
bypass bleeding is an attractive alternative to surgery, but there 
are still few data to change the gold standard treatment. The 
heterogeneity of bypass morphology and bleeding site seems to 
play a major role in the different outcomes after endovascular 
correction, and, at the moment, there’s not enough evidence 
from literature to appropriately identify anatomical criteria and 
the optimal candidate. Randomized Clinical Trials comparing the 
two treatment options are warranted.
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