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Figure 1. TASC disease classifications. From Norgren L, et al. Inter-Society 
Consensus for the Management of Peripheral Arterial Disease (TASC II).  
J Vasc Surg. 2007 Jan;45 Suppl S:S5-67.  
J Vasc Surg. 2007 Jan;45 Suppl S:S5-67. © 2007, Reprinted with permission from 
Elsevier. 

Abstract
Bypass surgery for limb salvage in cases of chronic limb ischemia is a well-established treatment modality. Use of an autog-
enous vein provides the best conduit for infrainguinal arterial bypass procedures, particularly for bypass to the infrapopliteal 
arteries. In this article, we discuss infrainguinal vein bypass surgery including indications, perioperative care, and long-term 
follow up. We also discuss the outcomes of the procedure with regard to patient survival and limb salvage. The autogenous 
vein continues to be the best available conduit with the highest patency rate and the best treatment option. Compared to all 
other revascularization options for infrainguinal disease, the vein bypass has the best limb salvage and long-term survival in 
patients appropriately selected for the procedure.
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Introduction
Critical limb ischemia (Cli) is characterized by rest pain and 

tissue loss in the form of ulceration and/or gangrene. it leads 
to significant patient morbidity and mortality and consumes 
considerable health and social resources in both developed and 
developing countries.1 in cases of Cli, bypass surgery for limb 
salvage is an established treatment. autogenous vein use is the 
more effective conduit for infrainguinal arterial bypass procedures, 
especially for bypass to the infrapopliteal arteries.2, 3 this article 
explores infrainguinal vein bypass surgery including indications, 
perioperative care, long-term follow up, and outcomes regarding 
patient survival and limb salvage.

Indications
Patients with Cli have a considerably bad prognosis, with 40% 

of patients progressing to major amputation within 6 months 
and most patients losing their limbs eventually if no attempt at 
revascularization is performed.4, 5 For this reason, these patients 
have to undergo revascularization if their limbs are to be salvaged, 
either by endovascular means or through bypass surgery with vein 
or prosthetic conduits. relatively recently, two decision-making 
guidelines have been developed for these revascularization options. 
the first is the tasC guidelines, which were developed in 2000 by 
the trans-atlantic inter-society Consensus for the management 
of Peripheral arterial disease (tasC). the tasC guidelines 
document was authored by a working group of representatives 
from 14 surgical, vascular, cardiovascular, and radiologic societies.6 

an upgraded document (tasC ii) was published in 2007. the 
tasC working group classified patients according to the anatomic 
patterns of disease involvement — types a through d (Figure 1). 
Based on their recommendations, tasC type a lesions are best 
treated with angioplasty and tasC type d lesions with bypass 
surgery. there was insufficient evidence concerning tasC type 
B and C lesions to definitively recommend one modality over 
the other; however, type B lesions are probably best treated with 
angioplasty while type C lesions may be best treated with surgery.1

the second set of treatment guidelines was developed from the 
united kingdom-based multicenter Bypass versus angioplasty in 

severe ischemia of the leg (Basil) trial. this remains the only 
randomized controlled trial (rCt) to compare the clinical and cost 
effectiveness of “bypass surgery first” and “balloon angioplasty 
first” revascularization strategies for Cli due to infrainguinal 
disease.7 the treatment recommendations based on the Basil trial 
data included the following:8

• Patients expected to live more than 2 years based on their other 
comorbidities should usually be offered bypass surgery first. 
the strength or the recommendation appears to be the greatest 
where vein is available as a conduit.

TYPE A LESIONS
• Single stenosis ≤10 cm in length
• Single occlusion ≤5 cm in length

TYPE B LESIONS
• Multiple lesions (stenses or occlusions),  

each ≤6 cm
• Single stenosis or occlusion ≤ 15 cm not 

involving theinfrageniculate popliteal artery
• Single or multiple lesions in the absence of 

continuoustibial vessels to improve inflow for 
a distal bypass

• Heavily calcified occlusion ≤5 cm in length
• Single popliteal stenosis

TYPE C LESIONS
• Multiple stenoses or occlusions totaling  

>15 cm with or  without heavy calcification
• Recurrent stenoses or occlusions that  

need treatment after two endovascular 
interventions

TYPE D LESIONS
• Chronic total occlusions of CFA or SFA  

(>20 cm, involving the popliteral artery)
• Chronic total occlusion of popliteal artery and 

proximal trifurcation vessels
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Figure 3. Angiosomes of the lower leg and foot. ATA: anterior tibial artery; PTA: posterior 
tibial artery; PA: peroneal artery. From Iida O, et al. Long-term results of direct and 
indirect endovascular revascularization based on the angiosome concept in patients with 
critical limb ischemia presenting with isolated below-the-knee lesions.  
J Vasc Surg. 55(2):363-70. © 2012, Reprinted with permission from Elsevier. 

• Patients expected to live less than 2 years should usually be 
offered angioplasty first because they are unlikely to reap 
the longer-term benefits of bypass and because angioplasty is 
significantly less expensive and morbid in the short term.

• Many patients who cannot undergo a vein bypass may be better 
served by a first attempt at angioplasty than by prosthetic 
bypass. surgeons should make every effort to use vein and view 
prosthetic material as a last resort.

Preoperative Evaluation
the preoperative evaluation for patients undergoing vein bypass 

for infrainguinal disease includes evaluation of the patient, the 
anatomy of the disease, and the conduit. Preoperative patient 
evaluation and surgical risk assessment are covered in detail in 
other articles within this issue and will therefore not be discussed 
here. similarly, preoperative evaluation of the vascular anatomy 
of the limb using various invasive and noninvasive procedures 
and imaging modalities is also discussed at length in this issue 
by duran and Bismuth (see page 43). after assessment of the 
patient and the vascular anatomy, the third preoperative step is 
evaluation of the conduit. assessment of vein availability and 
quality is critical and should be carried out before embarking 
on the operation. this can be performed using vein mapping 
with duplex ultrasound.9 the evaluation includes the vein’s size, 
quality, and length available as a conduit. veins more than 3 mm 
in diameter are good conduits.10 veins between 2 and 3 mm are 
worthy of exploration.11 the veins should be soft and compressible; 
small, calcified, and sclerotic veins should be rejected. the 
ipsilateral great saphenous vein is preferred. if this vein is not 
available or inadequate, scanning of the ipsilateral short saphenous, 
contralateral great and short saphenous veins, and arm veins is 
also performed. the type and quality of the bypass conduit are 
the most important determinants of infrainguinal bypass success. 
efforts to maximize conduit quality will be rewarded.

The Operative Technique

Selection of the Proximal and Distal Anastomotic Sites
the first step in the operation is to identify the inflow and 

the runoff targets for the bypass. the principle is to have an 
inflow target that has no significant disease proximal to it that 
can interfere with the inflow into the bypass. the inflow vessel 

is usually the common femoral artery; however, it can be any 
other vessel of the lower extremity with unrestricted arterial 
inflow. this can be the profunda femoris artery, the superficial 
femoral artery, the popliteal artery, and, in some less common 
instances, one of the tibial vessels. using another more distal 
target as an inflow vessel will reduce the length of the bypass, 
thus maximizing the use of a favorable conduit, especially in cases 
when the vein conduit is not long enough. there is abundant 
evidence that originating shorter bypasses distal to the common 
femoral artery results in patency rates equivalent to those achieved 
when the common femoral artery serves as the bypass origin. 
any significant disease in the inflow vessel should be treated 
with endarterectomy and patch angioplasty, which is commonly 
performed in the common femoral artery and origin of the 
profunda. the patch will then serve as the origin of the proximal 
anastomosis of the bypass (Figure 2). Correction of significant 
deep femoral artery disease at the time of infrainguinal bypass 
is clinically important; should the bypass ever fail, adequate 
deep femoral artery perfusion may prevent the development of 
severe, recurrent limb ischemia. in some cases, when there is 
no available conduit long enough for the bypass, we might have 
to choose a more distal inflow target even though there is a 
significant lesion proximal to it. in these cases, the proximal lesion 
must be dealt with either by open surgery with endarterectomy 
or endovascularly using angioplasty or remote endarterectomy, 
creating what is known as a hybrid procedure.

the selection of the distal anastomosis site requires more 
judgment than the proximal anastomosis. Generally, the principle 
is to select the most proximal artery that has unrestricted flow 
through at least one runoff artery to the foot. this is an easy 
decision when the popliteal artery is patent with at least one tibial 
vessel runoff to the foot. the process is more complex when the 
target is the tibial, peroneal, or pedal vessel. in general, the most 
proximal segment of the tibial artery that is continuous with 
the foot is selected. this is particularly important when there 
is tissue loss, in which case in-line flow to the foot is crucial.12 

in some cases, the tibial target requires longer-than-available 
conduit to ensure in-line flow. in those cases, especially where 
there is only rest pain and no tissue loss, the peroneal artery can 
be a satisfactory target and carries a comparable patency rate to 
the anterior or posterior tibial bypass.13 as stated earlier, in cases 

Figure 2. Vein bypass for infrainguinal 
disease: endarterectomy and patch 
angioplasty to treat significant disease in the 
inflow vessel. The patch serves as the origin 
of the proximal anastomosis of the bypass.  
©2010, Reprinted with permission from Elsevier.30 
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of tissue loss, techniques to choose a more distal inflow site are 
particularly important. 

another important aspect is the angiosome concept of leg and 
foot perfusion. tibial bypass is performed only to one tibial target. 
in cases of tissue loss, the target should be the vessel responsible 
for in-line perfusion to the area of tissue loss. Based on taylor and 
Palmer’s work in 1987, the body is divided into three-dimensional 
vascular territories supplied by specific source arteries and drained 
by specific veins (i.e., angiosomes).14 they defined five distinct 
angiosomes for the lower leg and six for the foot derived from the 
anterior tibial, posterior tibial, and peroneal arteries (Figure 3). 
Whenever possible, bypass is performed to the vessel responsible 
for perfusion of the angiosome containing the tissue loss. it was 
found that bypass surgery for tissue loss resulted in a limb salvage 
rate of 91% with the use of direct revascularization of the specific 
angiosome, whereas the salvage rate was only 62% with indirect 
revascularization.15

Vein Conduit Harvest and Preparation
if available, the ipsilateral great saphenous vein is the preferred 

choice for a conduit. if it is not available, the contralateral great 
saphenous vein is the next choice. there is no merit in saving the 
contralateral great saphenous vein for future use in the contralateral 
leg, since only 20−25% of patients will require revascularization 
of the other leg in the future.16 the only exceptions are if the 
contralateral leg is already ischemic and the vein is needed for 
revascularization, or if there is fear of wound healing issues in the 
contralateral ischemic leg after the vein is harvested. in cases where 
the great saphenous vein is unavailable or inadequate in length, 
other vein options are available as conduits.17 the short saphenous 
vein is suitable, especially if the required bypass is short. arm 
veins are also good conduits, and long conduits can be created by 
harvesting the arm’s basilic, median antecubital, and cephalic vein 
in one piece as described by holzenbein and associates.18 in cases 
where no adequate single piece is available for a conduit, splicing 
vein pieces together can be used to create longer conduits.

vein harvesting can be performed through long incisions, skip 
incisions, or endoscopically. endoscopic vein harvest is more 
common in the cardiac surgery world and has not been widely 
adopted by vascular surgeons, mostly due to equipment cost, lack 
of reimbursement for the procedure, learning-curve issues, and 
concerns about damaging vein segments when long conduits are 
needed. to date, there are no convincing data to support any one 
specific harvesting technique over another, although some authors 
suggest that endoscopic vein harvest may have lower long-term 
patency compared to open harvesting, especially in Cli patients.19 
the most important point in vein harvesting is choosing a high 
quality conduit irrespective of the harvesting technique used.20, 21

The Bypass Technique
the vein bypass can be performed in a reversed, nonreversed, 

or in situ configuration. the theoretical advantages of the in situ 
saphenous vein bypass technique (i.e., preserved endothelial 
function resulting from intact vasa vasora and improved graft 
hemodynamics) have not been supported by biochemical, 
morphologic, or hemodynamic data from laboratory studies. 
Furthermore, superior long-term graft patency rates for in situ 
vein bypass compared with reversed vein bypass have not been 
documented in randomized clinical trials.22-24 the technique 
chosen for vein bypass is primarily dictated by conduit availability, 
anatomic considerations, and surgeon preferences and experience. 
however, whenever possible, the proximal and distal anastomoses 
should be performed in an end-to-side pattern maintaining the 
continuity of the native arterial system. this preserves any possible 
endovascular options should the patient need them in the future.

Intraoperative Evaluation
technical errors in bypass surgery are usually responsible for 

graft failure in the first 30 days after the procedure.25 this should 
be an uncommon problem in modern vascular surgery. the most 
important factor in avoiding early graft failure is to recognize 
any technical errors during the procedure that may contribute to 
failure and correct them intraoperatively. this is accomplished 
using intraoperative monitoring of bypass function, including 
the inflow vessel, proximal and distal anastomoses, the conduit, 
and the distal runoff. technical errors requiring intraoperative 
correction have been found in 8−12% of bypass cases, signifying 
the magnitude of the problem.26, 27 there are three methods for 
performing intraoperative graft monitoring:

1. Doppler assessment. this is the basic method for evaluating 
the graft and is most useful for discovering major defects 
in the bypass procedure. doppler assessment is performed 
by evaluating distal pulse using digital examination and 
continuous doppler signals in the runoff artery distally, with 
and without graft compression, which shows significant 
augmentation of the signals with the bypass open compared 
to manual occlusion of the graft. although this is the most 
commonly used method of intraoperative evaluation, it fails 
to identify significant technical lesions that may contribute 
to graft failure, especially compared to using a more detailed 
examination with angiography or duplex ultrasound.28

2. Completion arteriogram. intraoperative arteriogram is the 
simplest method for a completion study. the availability of 
x-ray-compatible operating room tables and capable C-arms 
have made the procedure very easy to perform and very efficient 
in obtaining the required information. using completion 
arteriograms, Mills and associates were able to identify 
significant technical problems in 8% of infrainguinal bypass 
grafts that required revision.26 a completion arteriogram can 
evaluate the bypass, including the inflow and runoff; however, 
it is less likely to evaluate problems with retained valve cusps in 
cases of nonreversed and in situ vein bypass.29

3. Intraoperative duplex examination. duplex ultrasound is a 
very effective and accurate method for evaluating bypass grafts 
intraoperatively. in addition to being as effective as angiography, 
duplex examination has the advantage of evaluating for 
retained valve cusps. duplex examination can also evaluate 
flow dynamics, even in the absence of identifiable technical 
defects, in which case the grafts can be extended more distally 
or at least the physician can be guided towards putting the 
patient on postoperative anticoagulation to assist in graft 
patency.30 one drawback is that it requires the availability of 
both an ultrasound machine and a vascular lab technician in 
the operating room, which makes duplex examination a more 
cumbersome modality.

Postoperative Management
in addition to routine post-operative care in vascular surgery 

procedures, two important points deserve mentioning regarding 
the long-term postoperative care after infrainguinal vein bypass 
procedure.

Pharmacologic therapy
vascular surgeons agree that all patients should be on 

antiplatelet therapy before and definitely following vein bypass 
procedures as part of the pharmacologic therapy for peripheral 
arterial occlusive disease. this is routinely done by using low-dose 
aspirin (81 or 325 mg daily). aspirin is well known for its beneficial 
cardiac and cerebral protective effects and may improve graft 
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patency. Clopidogrel can also be used for this purpose, although it 
is more expensive and has no evidence of being superior to aspirin 
in its effects.

What remains controversial is the use of anticoagulants after 
infrainguinal bypass surgery. the landmark dutch Bypass oral 
anticoagulants or aspirin trial found that oral anticoagulation 
improved vein bypass graft patency compared to aspirin alone.31 
on the other hand, a veterans affairs cooperative trial randomizing 
patients to coumadin and aspirin or aspirin alone concluded 
that vein bypass graft patency was not increased by the addition 
of coumadin to aspirin, but there was a significant increase in 
hemorrhagic complications in these patients.32 Many surgeons, 
however, use anticoagulation selectively in patients after vein 
bypass in high-risk grafts, which are defined as poor conduit, poor 
arterial runoff, and reoperative cases.33

Graft surveillance
over time, nearly one-third of vein grafts will develop 

significant lesions that threaten their patency.34 Most of these 
lesions develop within the first 2 years after the operation and 
are mainly due to neointimal hyperplasia. in their prospective 

randomized trial, lundell and associates reported that duplex 
ultrasound graft surveillance of vein grafts improved the long-
term patency by about 15% compared to no surveillance.35 Graft 
surveillance is performed in the noninvasive vascular lab using 
duplex ultrasound examination coupled with ankle brachial index 
measurement. interference is warranted if there is a significant 
stenosis (defined as greater than 50%), low flow velocities in the 
graft that signify failure, or a drop of 0.15 in ankle brachial index.36 
Graft surveillance is performed every 3 months for the first year, 
every 6 months for 2 additional years, and annually thereafter.

Outcomes
infrainguinal vein bypass procedures for patients with Cli 

have excellent outcomes. discussing the results of lower extremity 
vein bypasses requires an examination of some hard objective 
endpoints including patency, limb salvage, and patient survival 
and examination of other endpoints such as functional outcome, 
quality of life, and cost-benefit analysis. these outcomes should 
be compared with all other lower extremity revascularization 
procedures, including endovascular interventions and prosthetic 

Table 1. Patency of above-knee femoropopliteal grafts. All series published since 1981.30

Table 2. Patency of below-knee femoropopliteal grafts. All series published since 1981.30

Table 3. Patency of infrapopliteal grafts. All series published since 1981.30

Graft Type Primary Patency (%)

1-Mo 6-Mo 1-Yr 2-Yr 3-Yr 4-Yr

Reversed Saphenous Vein 99 91 84 82 73 69

Arm Vein 99 82 65 60 60

Polytetrafluoroethylene 89 79 74 66 60

Graft and Patency Type Primary Patency (%)

1-Mo 6-Mo 1-Yr 2-Yr 3-Yr 4-Yr

Primary Patency

Reversed Saphenous Vein 98 90 84 79 78 77

In Situ vein bypass 95 87 80 76 73 68

Secondary Patency

In situ vein bypass 97 96 96 89 86 81

Arm Vein 97 83 83 73 70

Polytetrafluoroethylene 96 80 68 61 44 40

Human umbilical vein 88 82 77 70 61 60

Graft and Patency Type Primary Patency (%)

1-Mo 6-Mo 1-Yr 2-Yr 3-Yr 4-Yr

Primary Patency

Reversed saphenous vein 92 81 77 70 66 62

In situ vein bypass 94 84 82 76 74 68

Secondary Patency

Reversed saphenous vein 93 89 84 80 78 76

In situ vein bypass 95 90 89 87 84 81

Arm vein 94 73 62 58

Human umbilical vein 80 65 52 46 40 37

Polytetrafluoroethylene 89 58 46 32 21



MdCvJ | viii (4) 2012 debakeyheartcenter.com/journal  41

bypass surgery, so we can define the role of lower extremity vein 
bypass for Cli.

With respect to patency, infrainguinal vein bypasses have 
the highest patency rates across the board compared to all other 
conduits, including human umbilical vein, homografts, and 
prosthetic grafts. tables 1−3 show pooled meta-analysis data 
from the literature regarding bypass patency and limb salvage 
of different conduits and bypass levels.30 randomized controlled 
trials have shown no difference in patency between in situ bypass 
and reversed vein.37, 38 the difference in patency becomes more 
accentuated the more distal the bypass is. For infragenicular 
bypass, meta-analysis of a pooled series in the literature shows 
that prosthetic bypass secondary patency is around 20% in 4 years 
compared to greater than 75% for vein bypasses (table 3). in above-
the-knee bypass, the vein and prosthetic graft bypasses carry the 
same patency rates (table 1) yet have different patterns of failure. 
Prosthetic graft failure is generally acute with acute limb ischemia 
and carries a high risk of distal embolization into the outflow tract, 
in which case the price of graft occlusion is the risk of limb loss. 
in comparison, vein bypass failure is more chronic and much less 
likely to result in limb loss.

regarding limb salvage and overall survival, the Basil 
trial is the best available evidence comparing vein bypass, 
prosthetic bypass, and balloon angioplasty for infrainguinal 
revascularization in Cli.8 the study showed that, compared to 
prosthetic material, bypass using a vein offers the best long-term 
amputation-free survival and overall survival (Figure 4).

Conclusion
vein bypass surgery for treating Cli of the lower extremities 

remains an integral part of the therapy for this difficult to treat 
patient population. the autogenous vein continues to be the 
best available conduit with the highest patency rate and the best 
treatment option. Compared to all other revascularization options 
for infrainguinal disease, the vein bypass has the best limb salvage 
and long-term survival in patients appropriately selected for the 
procedure.
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