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Abstract Our objective was to evaluate the possible role

of endovascular recanalization of occluded native artery

after a failed bypass graft in the case of either acute or

chronic limb-threatening ischemia otherwise leading to

amputation. In a single-center retrospective clinical anal-

ysis, from January 2004 to March 2007 we collected 31

consecutive high-surgical-risk patients (32 limbs) with

critical limb ischemia following late ([30 days after sur-

gery) failure of open surgery bypass graft reconstruction.

All patients deemed unfit for surgery underwent tentative

endovascular recanalization of the native occluded arterial

tract. The mean follow-up period was 24 (range, 6–42)

months. Technical success was achieved in 30 (93.7%) of

32 limbs. The cumulative primary assisted patency calcu-

lated by Kaplan–Meyer analysis was 92% and 88%,

respectively, at 12 and 24 months. The limb salvage rate

approached 90% at 30 months. In conclusion, our experi-

ence shows the feasibility of occluded native artery endo-

vascular recanalization after a failed bypass graft, with

optimal results in terms of midterm arterial patency and

limb salvage. Our opinion is that successful recanalization

of the arterial tract previously considered unsuitable for

endovascular approach is allowed by improved compe-

tency and experience of vascular specialists, as well as the

advances made in catheter and guidewire technology. This

group of patients would previously have been relegated to

repeat bypass grafts, with their inherently inferior patency

and recognized added technical demands. We recognize

previous surgical native artery disconnection and lack of

pedal runoff to be the main cause of technical failure.
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Introduction

Despite continued advances in vascular surgical techniques

and resultant improvement in infrainguinal bypass graft

patency, thrombosis of femoropopliteal and femorotibial

bypass grafts remains a distressing and challenging prob-

lem for all vascular surgeons. Early graft failure (\30 days

after surgery) has been reported in 5% to 20% of cases [1,

2], whereas intermediate to late graft failure of vein grafts

has occurred in 20% to 50% of cases within 5 years of

surgery [3–5].

Thrombosis of infrainguinal bypass grafts usually results

in a recrudescence of ischemic symptoms ranging from

claudication to limb-threatening ischemia, especially in the

case of diabetic foot ulcer. Previous reviews noted that 10%

of patients underwent major amputation as the next inter-

vention after failure of infrainguinal reconstruction [6].

The relatively high incidence of this complication and

the major impact it has on patients mandate an aggressive

and effective management regimen. For patients who have

severe ischemia at the time of graft failure, the available

therapeutic options have offered suboptimal results. Res-

toration of long-term patency to thrombosed vein or pros-

thetic infrainguinal bypass grafts with either thrombectomy

or thrombolytic therapy has proved difficult [7–13]. Given

the inability to restore patency effectively to failed
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infrainguinal bypass grafts after graft thrombosis, it

appears that replacement of the failed graft with an entirely

new bypass (i.e., a secondary bypass) is the best therapeutic

option. Unfortunately, the results that have been achieved

historically with secondary bypass have been markedly

inferior to those after primary bypass grafting, with 5-year

primary patency rates of 37% to 57% [8, 14–17].

Although balloon angioplasty for management of failing

bypass grafts has been well documented, little mention has

been made of its use in treating the occlusive lesion within

the native artery after a failed bypass graft. Considerable

advances in interventional technique, with the availability

of steerable guidewires, low-profile balloon angioplasty

catheters, and the development of subintimal angioplasty

technique, allow an endovascular approach to arterial

lesions previously confined to bypass surgery [18–21].

The purpose of our study was to describe the possible

role of endovascular recanalization of the occluded native

artery after a failed bypass graft in the case of either acute

or chronic limb-threatening ischemia (CLI) otherwise

leading to amputation.

Materials and Methods

Study Design

This study was a single-center, retrospective clinical

analysis of 31 consecutive high-surgical-risk patients with

CLI treated with percutaneous transluminal angioplasty

(PTA)/stent following the failure of open surgery bypass

graft reconstruction. Eligibility was based on the absence

of healing ulcerations or gangrene for chronic cases and

impending limb loss risk for acute cases.

All patients had occlusion of a previous bypass graft and

were considered poor candidates for a new bypass opera-

tion on the basis of the absence of an adequate greater

saphenous vein for distal bypass, presence of a poor distal

bypass target vessel (no angiographically visible tibial

vessels, vessels B1 mm in diameter, or diffusely diseased

vessels), presence of severe comorbid conditions such as

recent myocardial infarction (\6 weeks), symptomatic

coronary artery disease, or severe chronic obstructive

pulmonary disease. Exclusion criteria included previous

endarterectomy at the treatment site, pre-existing venous

stasis ulcers, severe renal insufficiency (creatinine

[3.5 mg/dL), untreated ipsilateral iliac stenosis[70%, and

contraindication to intended medications.

Preprocedural and postprocedural ankle-brachial index

(ABI) and transcutaneous oxygen tension (tc-pO2) were

used to evaluate hemodynamic and tissue perfusion

improvement. In all cases, patients were studied with color-

Doppler ultrasound (color-Doppler US). MR angiography

with MIP rotational protocol or MsCT angiography with

three-dimensional reconstructions was used as a diagnostic

preprocedure to define the location of lesions and to plan

the revascularization strategy.

Ulcers on the lower limb were photographically recor-

ded with a digital camera for core laboratory assessment.

Photography was repeated at 3 and 6 months.

Patient Population

Based on these criteria, we collected 31 patients in whom

revascularization was attempted in the period from January

2004 to March 2007 (21 men; mean age, 72.5 years; range,

46–87 years) for a total of 32 critically ischemic limbs.

Risk factors are listed in Table 1. During the same period

28 limbs with critical ischemia following bypass failure

underwent surgery.

Four (12.5%) limbs presented with acute ischemia, and

28 (87.5%) limbs with CLI. Three (9.3%) limbs presented

with suprainguinal bypass occlusions (1 aortobifemoral, 1

leg with aortobifemoral), 2 (6.2%) with femoral-femoral

crossover occlusions, 1 (3.1%) with femoral-femoral

crossover failure due to progression of atherosclerotic

disease distal to the donor side and steal phenomenon, and

26 (81.2%) with infrainguinal (femoral-popliteal) bypass

occlusions. None of these patients had undergone previous

PTA/stent interventions.

Treatment

Our procedural strategy was different in the case of acute

or chronic ischemia from bypass graft occlusion. In

patients with acute bypass occlusions we first attempted

pharmacological fibrinolysis (i.e., urokinase infusion at

100 IU/kg/h) (Fig. 1) and/or thrombectomy with a Fogarty

catheter and then proceeded to native artery recanalization

only in the case of lysis failure. In patients with chronic

Table 1 Demographics

Variable Data

Mean age (yr) 72.5

Gender

Male 21

Female 10

Diabetes 21

Coronary artery disease 12

Hypertension 15

Obesity 13

Smoker (even in the past) 22

Dyslipidemia 12
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malfunction we directly performed a native artery

recanalization.

All patients were started on ticlopidine, 250 mg daily,

and acetylsalicylic acid, 100 mg daily (3 days before the

procedure in the case of chronic bypass failure). The

double antiaggregation was continued for 6 weeks after the

procedure and acetylsalicylic acid was prescribed quoad

vitam.

The endovascular procedure was performed in dedicated

angiographic suites; an angiographic study was performed

to quantify the extent of disease. Heparin sodium, 50 IU/kg

i.v., was administered systematically. Angioplasty was

performed for all patients through an ipsilateral antegrade

common femoral approach for infrainguinal bypass failure

or an omolateral plus contralateral retrograde femoral

approach for suprainguinal bypass failure using various

sizes of introducer sheaths, ranging from 5 to 7 Fr.

Iliac occlusions were always crossed intraluminally and

stented. In occluded superficial femoral or popliteal arteries

an angled 0.035-in. hydrophilic guidewire (Terumo) was

used to create an intentional subintimal way (Fig. 2).

Occasionally, 3-mm balloon angioplasty of the first portion

of the occlusion was required to facilitate crossing of the

remaining tract. We stented the femoral artery only in the

case of flow-limiting dissection or severe elastic recoil.

Dedicated 0.014-in. coronary guidewires (Choice Extra

Support, PT-Graphix Super Support, Pilot 200) were used

to cross infrapopliteal occlusive lesions intraluminally; in

some cases an angled 0.035-in. stiff hydrophilic guidewire

and a 4-Fr vertebral catheter (Terumo) were used to create

an intentional subintimal way. Once occlusive lesions were

crossed an angiography was performed to confirm distal

true lumen seating. Successful true lumen re-entry was

defined as re-entry in the optimal angiographically defined

target vessel beyond the occlusion without compromise of

significant collaterals or branches.

PTA was performed using a 4- to 6-mm-diameter bal-

loon in the superficial femoral and popliteal arteries and

using 2- to 3-mm-diameter by 80- to 150-mm-long low-

profile balloons (Invatec, Amphyrion Deep) in the tibial

vessels. Balloon inflation times varied from 15 to 60 s at 8

to 14 atm.

Fig. 1 Acute below-knee

femoropopliteal bypass

occlusion. The angiogram

shows incomplete

recanalization after

pharmacological fibrinolysis

Fig. 2 After pharmacological lysis failure an intentional subintimal

way was created through an ipsilateral antegrade common femoral

approach
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Technical success was defined as recovery of the native

vessel with vascular lumen estimated as [50% of the ori-

ginal lumen and absence of stasis of contrast medium in

treated segments (Fig. 3).

Hemodynamic improvement was evaluated by increas-

ing ABI [11]. Clinical success was defined as resolving rest

pain, healing of an ulcer, avoidance of a major amputation,

and an increase in percutaneous oxymetry [50 mmHg.

Postprocedure follow-up, performed by Doppler US,

percutaneous oxymetry, and clinical examination was

scheduled at 1, 3, and 6 months and yearly thereafter.

Results

From January 2004 to March 2007 revascularization was

attempted in 31 patients, for a total of 32 critically ischemic

limbs. Distribution of the occluded segments in the study

population was as indicated in Table 2. The mean follow-

up period was 24 months (range, 6–42 months). Two

patients were lost to follow-up.

Technical success was achieved in 30 (93.7%) of 32

limbs. Subintimal technique was used in 92.8% of infrain-

guinal arterial segments (always in the SFA). Mean lesion

length was 20.3 ± 6.3 cm (range, 12–45 cm). In seven

(21.8%) limbs a stent was placed (always in the iliac artery).

Two technical failures occurred in femoral-popliteal bypass

occlusions, one caused by surgical disconnection of the

native superficial femoral artery during bypass procedure.

In this case a second graft was implanted, the other due to

the absence of a patent pedal or plantar artery; this limb

underwent amputation. In one case after successful recan-

alization and dilation, a distal thromboembolic occlusion

occurred. This was resolved by catheter thrombus aspiration

with a 6-Fr guiding catheter.

Clinical improvement with pain regression and ulcer

healing followed each technical success. The ABI varied

from 0.39 ± 0.33 to 0.85 ± 0.20 and the tc-pO2 always

increased to [50 mmHg.

During the follow-up period we observed an acute

occlusion of a popliteal stent that underwent re-recanali-

zation with release of an ‘‘intrastent’’ stent and four

restenoses of the native artery (SFA) that were successfully

redilatated. In five cases chronic obstruction of the entire

Fig. 3 The final angiogram

shows complete recanalization

of the native femoro popliteal

artery. On the left frame

previous graft proximal stump

(curved arrow) is visible

Table 2 Distribution of lesions in the study population

No. of limbs Occluded segment(s)

6 IA

8 SFA

7 SFA ? PA

5 SFA ? PA ? ATA ? PTA

3 SFA ? ATA ? PTA

3 SFA ? ATA ? PTA ? PerA

Total no.

32 69
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femoropopliteal tract redeveloped, with worsening of the

limb clinical status, requiring amputation in two cases; the

other three cases were successfully managed with suc-

cessful re-recanalization (one limb) and medical therapy

(two limbs). Two patients died from myocardial infarction.

The cumulative primary assisted patency calculated by

Kaplan–Meyer analysis was 92% and 88%, respectively, at

12 and 24 months (Table 3). The cumulative secondary

patency calculated by Kaplan–Meyer analysis was 96%

and 84%, respectively, at 12 and 30 months (Table 4).

Limb salvage results were considerably better as cal-

culated by Kaplan–Meyer analysis, with a rate approaching

90% at 30 months (Table 5).

Discussion

Bypass graft failure presents a major challenge to the

vascular surgeon. Correct management in any particular

patient varies with a number of fundamental consider-

ations. Most important are the functional status of the

patient and the condition of the affected extremity. A sig-

nificant proportion of patients will appear well compen-

sated after graft thrombosis, with relatively mild disability

not warranting intervention. Similarly, patients whose

general health status has declined to the point where active

ambulation is no longer realistic may benefit most from

simple observation. The majority of patients who were

originally operated on for severe ischemia, however, will

suffer recurrent limb-threatening ischemia or severe dis-

ability from symptoms of claudication at the time of graft

failure. These patients require revascularization for limb

Table 3 Cumulative primary assisted patency calculated by Kaplan–

Meyer analysis
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0 6 12 18 24 30 36 42

Months of 

follow-up

Death or 

Lost to 

follow-up

Legs 

observe

d before 

t 

Events per 

period
Survival rate

Patency 

rate

Standard 

error

Standard error 

percent

t n f p S(t) SE SE%

6 0 30 0 1.000 1.000 0.000 0.000

12 1 25 2 0.920 0.920 0.052 5.204

18 0 22 1 0.955 0.878 0.065 6.535

24 2 18 0 1.000 0.878 0.072 7.224

30 0 12 2 0.833 0.732 0.109 10.940

36 1 8 1 0.875 0.640 0.136 13.577

42 0 3 0 1.000 0.640 0.222 22.172

Table 4 Cumulative secondary patency calculated by Kaplan–Meyer

analysis

0

20

40

60

80

100

120
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Months of 

follow-up

Death or 

Lost to 

follow-up

Legs 

observed 

before t 

Events per 

period
Survival rate

Patency 

rate

Standard 

error

Standard error 

percent

t n f p S(t) SE SE%

6 0 30 0 1.000 1.000 0.000 0.000

12 1 25 1 0.960 0.960 0.038 3.840

18 0 22 1 0.955 0.916 0.057 5.650

24 2 18 0 1.000 0.916 0.062 6.246

30 0 12 1 0.917 0.840 0.097 9.699

36 1 8 1 0.875 0.735 0.134 13.377

42 0 3 0 1.000 0.735 0.218 21.845

Table 5 The cumulative limb survive calculated by Kaplan–Meyer

analysis
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Lost to 

follow-up

Legs 

observed 

before t 

Events per 
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Patency 

rate

Standard 

error

Standard error 

percent

t n f p S(t) SE SE%

6 0 30 0 1.000 1.000 0.000 0.000

12 1 25 1 0.960 0.960 0.038 3.840

18 0 22 0 1.000 0.960 0.041 4.093

24 2 18 0 1.000 0.960 0.045 4.525

30 0 12 1 0.917 0.880 0.088 8.800

36 1 8 0 1.000 0.880 0.108 10.778

42 0 3 0 1.000 0.880 0.176 17.600
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preservation and maintenance of independent function.

Unfortunately, restoration of durable patency to failed in-

frainguinal grafts has generally not been attainable.

Thrombectomy and revision of thrombosed grafts have

resulted in patency rates of only 19% to 28% at the 5-year

interval for failed vein grafts [7, 8]. Long-term results after

thrombectomy of polytetrafluoroethylene grafts have been

even poorer, with patency rates of 32% at 2.5 years and

11% at 5 years [9, 10]. Thrombolysis of occluded in-

frainguinal bypass grafts followed by graft revision has

also resulted in the low patency rates of 0% to 37% 1 to

3 years after treatment for both prosthetic and vein

Table 5 continued

n° age sex risk 
factors

bypass 
type

native artery   
recanalized initial success Follow up

1 46 m d,c,h,s,dy bkfp
SFA + ATA + 

PTA 
SFA stenosis 

@16 m PTA

2 78 m d,h,o abf IA

3 74 f d,c,h,s bkfp
SFA + ATA + 
PTA + PerA

4 68 m s,dy bkfp SFA + PA

5 75 m d,c,h akfp SFA

6 78 f d,o,s,dy bkfp SFA + PA
technical failure 
(probable sfa 

ligation)

redo 
bypass

7 74 m d,h,o,s akfp SFA
cronic femoral 
occlusion @ 

30 m

succesfully 
recanalized 

and 
stented

8 73 m d,c,h,s bkfp
SFA + PA + 
ATA + PTA

9 77 m s,dy bkfp
SFA + ATA + 

PTA 
10 68 f d,h,o ff IA

11 74 m d,o abf IA + IA

12 78 m d,c,h akfp SFA SFA stenosis 
@ 22 m PTA

13 76 m s,dy bkfp
SFA + ATA + 
PTA + PerA

14 77 m d,h,o bkfp
SFA + PA + 
ATA + PTA

technical failure 
(absence of 
pedal/plantar 

artery)

amputatio
n

15 70 f d,c,h,o,s bkfp SFA + PA

16 72 m s,dy bkfp SFA + PA

17 76 m d,o,s akfp SFA

18 76 m s,dy ff IA

19 74 f d,c,h,o,s bkfp SFA + PA
acute popliteal 
occlusion @ 

12 m 

succesfully 
recanalized

20 78 m s,dy akfp SFA

21 69 f h,s akfp SFA

22 68 m d,c,h,o bkfp
SFA + PA + 
ATA + PTA

cronic 
infrapopliteal 
occlusion @ 

18 m 

medical 
terapy

23 75 m d,h,o,s akfp
SFA + ATA + 

PTA 

distal 
thromboembolic 

occlusion

catheter 
thrombus 
aspiration 

24 71 m s,dy bkfp
SFA + ATA + 
PTA + PerA

cronic
infrapopliteal 
occlusion @ 

18 m 

medical 
terapy

25 67 m d,c,h,o ff IA

26 74 m s,dy akfp SFA SFA stenosis 
@ 32 m

PTA

27 65 f d,c,s bkfp
SFA + PA + 
ATA + PTA

28 78 m d,c,o,s bkfp SFA + PA

SFA stenosis 
@ 6 m + cronic 
femoropopliteal 

occlusion @ 
30 m

successfull 
PTA @ 6m 

+ 
amputation 

@ 30 m

29 76 f d,s,dy bkfp
SFA + PA + 
ATA + PTA

cronic 
infrapopliteal 
occlusion @ 

12 m 

amputation

30 69 f s,dy akfp SFA

31 74 f d,c bkfp SFA + PA
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conduits [11–13]. In several reports, thrombectomy or

thrombolysis of failed infrainguinal grafts represents a

temporary measure, with the majority of patients requiring

an ongoing series of reinterventions to maintain graft

patency. Thus it is believed that the majority of patients

with failed bypass grafts and recurrent ischemia should be

treated with an entirely new secondary bypass graft.

Thrombectomy and thrombolysis of occluded grafts are

generally reserved for selected cases based on the timing of

graft occlusion, the condition of the original conduit, and

the complete absence of autogenous, including ectopic,

veins [22].

Given the general commitment to a new bypass graft as

the preferred mode of revascularization after infrainguinal

graft failure, and the historically inferior results of sec-

ondary bypass compared with primary bypass, we under-

took this review to determine the preferred strategies for

and current results of the endovascular approach to native

artery occlusion after a failed bypass graft in the case of

either acute or CLI otherwise leading to amputation.

In our study limb-salvage angioplasty has been intro-

duced as an alternative last-chance method, with the pri-

mary goal of achieving limb salvage in selected poor

surgical candidates with end-stage arterial occlusive dis-

ease following bypass failure. We hypothesized that PTA

of the native artery in these patients may lead to a signif-

icantly improved limb-salvage rate, with low morbidity and

mortality compared with primary amputation. Only anec-

dotal experiences have been previously reported in the

literature, such as that by Hasim et al., who described two

cases of recanalization of native arteries, with patency

achieved at 18 and 11 months, respectively [23].

Our technical and clinical success rate was 93.3%. A

more detailed investigation of one technical failure (fem-

oral-popliteal bypass occlusion patient) based on an anal-

ysis of the surgical report recalled from other hospital

archives showed that failure of recanalization was due to

surgical disconnection of the SFA and terminoterminal

proximal anastomosis of the bypass graft. This is not a

conventional technique used in vascular surgery practice

but this evidence was nonetheless found. The other tech-

nical failure was attributable to the lack of a patent artery in

the foot after occlusion of a femorotibial bypass graft. Our

opinion is that successful recanalization of the arterial tract

previously considered unsuitable for an endovascular

approach is now enabled by the improved competency and

experience of vascular specialists, especially in subintimal

angioplasty technique [18–21], as well as the advances

made in catheter and guidewire technology.

More encouraging are the results in terms of limb salvage

(90% at 42 months) compared to redo surgery after bypass

failure; this is probably due to collateral pathway preser-

vation during native artery recanalization. Even in the case

of arterial reocclusion, after wound healing mild blood flow

is generally required to maintain tissue integrity Therefore,

temporary (1- to 6-month) restoration of ‘‘straight-line’’

flow to the foot may be sufficient to relieve CLI.

Conclusion

Our experience shows the feasibility of occluded native

artery endovascular recanalization in the case of severe

acute or CLI after a failed bypass graft, with optimal results

in terms of midterm arterial patency and limb salvage.

The increasingly aggressive percutaneous therapy of

arterial occlusive disease allowed by considerable advances

in interventional skills, especially the development of sub-

intimal angioplasty technique, may now be expanded to

include a group of patients with acute or chronically failed

bypass grafts and occlusive disease within the native artery.

This group of patients would previously have been relegated

to repeat bypass grafts, with their inherently inferior patency

and recognized added technical demands. We recognize

previous surgical native artery disconnection and lack of

pedal runoff to be the main cause of technical failure.
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