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Abstract

Objectives

This study describes the patency of percutaneous transluminal angioplasty (PTA) of autolo-

gous infrainguinal bypasses at risk.

Methods

This was a retrospective single-center cohort study of consecutive patients undergoing 

primary PTA of an infrainguinal autologous bypass at risk from January 2009 to December 

2013. Duplex ultrasound surveillance was performed for at least 1 year after PTA. The 

primary study endpoints was the number of secondary interventions. Secondary endpoints 

were freedom from recurrent stenosis or bypass occlusion and the patency of the infrain-

guinal autologous bypass at 1 year after primary PTA.

Results

A total of 69 infrainguinal bypasses at risk in 69 patients were identified and treated with 

PTA. Technical success was achieved in 91%. Median follow-up was 17 months (range, 

1-58 months). During follow-up, 30 bypasses (43%) remained free of significant stenosis 

or bypass occlusion, 29 bypasses (42%) developed recurrent stenosis, and 10 bypasses 

(14%) occluded. Rates of primary assisted, and secondary patency at 1 year were 84%, 

and 86%. Five (7%) major amputations were performed, all after bypass occlusion.

Conclusions

Secondary interventions after PTA of a BAR are common. However, repeated secondary 

interventions of autologous infrainguinal bypasses at risk result in patency rates of more 

than 80% at 1 year.
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Introduction

According to the TransAtlantic Inter-Society Consensus for the Management of Peripheral 

Arterial Disease (TASC II) guidelines, autologous infrainguinal bypasses are the treatment 

of choice in patients with multilevel and complicated peripheral arterial occlusive disease 
1. Autologous infrainguinal bypasses show excellent long-term patency rates, and 5-year 

patency rates up to 80% have been reported 2, 3. However, a vein graft stenosis will develop 

in one-third of patients with an autologous infrainguinal bypass 4, 5. Stenosis formation is 

a continuous process, and if a stenosis is >70%, the bypass will eventually occlude 6, 7. 

Infrainguinal bypass occlusion is associated with poor outcome 8, 9; therefore, autologous 

infrainguinal bypass surveillance by duplex ultrasound imaging is widely accepted 10-13. Ste-

noses detected by duplex ultrasound imaging can be treated by percutaneous transluminal 

angioplasty (PTA) or surgical revision.

The aim of this study was to describe the patency of primary PTA of autologous infrain-

guinal bypasses at risk.

Materials and methods

Patient identification

All patients with peripheral arterial occlusive disease treated with an autologous infrain-

guinal bypass were monitored for at least 1 year. Duplex ultrasound surveillance was 

performed at 6 and 12 months by ultrasound technicians from an accredited vascular 

laboratory. Thereafter duplex ultrasound was performed if the patient became symptom-

atic. A bypass with a stenosis of >70% was considered a bypass at risk (BAR). A >70% 

stenosis was defined as a peak systolic velocity of >300 cm/s or a peak systolic velocity 

ratio >3.0. All consecutive patients from a single center undergoing PTA of a significant 

stenosis in an autologous infrainguinal bypass from January 2009 until December 2013 

were included. Data were collected retrospectively from the electronic medical records. 

The local ethics commission approved this retrospective case study and issued a waiver for 

patient informed consent.

Comorbidity

Hyperlipidemia was defined as elevated triglycerides, low-density lipoprotein cholesterol, 

or total cholesterol, or use of a cholesterol-lowering drug for this condition. Hyperten-

sion was defined as a systolic blood pressure >140 mm Hg or use of antihypertensive 

drugs. Patients were considered diabetic when glycated hemoglobin was elevated (HbA1c 

>7%) or when patients used oral hypoglycemic agents or insulin. Patients with a history 

of transient ischemic attack or cerebrovascular accident were considered to have history 
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of cerebral artery disease. Patients with a history of angina pectoris, myocardial infarction, 

percutaneous transluminal coronary angioplasty, or coronary artery bypass grafting were 

considered as having a history of coronary artery disease. Patients with a GFR below 60 

were considered as having renal failure. A history of smoking or current smoking was 

recorded.

Intervention

The primary treatment of a BAR was PTA. Patients with a BAR were scheduled for angi-

ography, and the stenosis or multiple stenoses in the bypass were identified and classified 

as anastomotic or nonanastomotic. After angiography, the bypass diameter proximal and 

distal to the stenosis was measured. A balloon catheter with a diameter similar to the 

bypass diameter was used for angioplasty. In selected patients with a residual stenosis 

of >30% a second PTA was performed with a larger balloon diameter. All stenoses were 

treated by PTA using plain balloon angioplasty. Treatment was considered a technical suc-

cess if PTA resulted in a residual stenosis of <30%, measured by angiography during the 

procedure. If a flow-limiting dissection occurred or a residual stenosis of >30% persisted, 

a self-expanding stent was placed. Obstructive lesions in other arterial segments (ie iliac or 

tibial) were treated simultaneously with PTA and optional stenting.

Follow-up

All patients were monitored for at least 1 year after PTA of the BAR. Postoperatively, 

patients were scheduled for an ankle-brachial index after six weeks. Patients with an in-

adequate ankle-brachial index or patients showing symptoms of ischemia were scheduled 

for a duplex ultrasound or direct angiography. Otherwise duplex ultrasound surveillance 

was performed at 6 and 12 months according to guidelines of the Dutch vascular soci-

ety. According to guidelines of the Dutch vascular society, all patients were treated with 

anticoagulation therapy for at least 2 years after autologous bypass surgery. Whenever 

anticoagulation therapy was not eligible, patients were treated with antiplatelet therapy. 

All patients were treated with statins for secondary prevention. Patients with a recurrent 

significant stenosis in the bypass during follow-up were rescheduled for angiography. 

At our institution an endovascular-first approach is adopted for primary and recurrent 

stenoses. Patients with bypass occlusion during follow-up were treated with thrombolytic 

therapy or surgical embolectomy. When occluded bypasses were not treated or treatment 

was not successful, the bypass was considered a failure. Major amputations (above the 

ankle) and minor amputations (below the ankle) were recorded during follow-up.

Study end points

The primary study endpoints was the number of secondary interventions. Secondary 

endpoints were freedom from recurrent stenosis or bypass occlusion and the patency of 
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the infrainguinal autologous bypass at 1 year after primary PTA. Freedom from recurrent 

stenosis was defined as duplex peak systolic velocity of > 300 cm/s at the treated site or 

anywhere within the graft or its anastomosis. Assisted primary patency was defined as any 

treatment of a significant stenosis preventing bypass occlusion. Secondary patency was 

defined as bypass patency after occlusion when treated successfully with thrombolytic 

therapy or surgery 14.

Statistical analysis

Data were collected and stored in an online eCRF (Castor edc, Ciwit BV, Amsterdam, 

the Netherlands). SPSS 22 software (IBM, Armonk, NY, USA) was used for data analysis. 

Kaplan-Meier survival analysis was used to estimate patency rates. Differences were con-

sidered significant if the P value was <.05

Results

Patient selection

We identified 69 infrainguinal BARs in 69 patients treated with PTA. In this period no 

primary surgical revision has been performed. In the past decade an average of 63 patients 

per year underwent infrainguinal, autologous bypass surgery in our institution. This results 

in an estimated primary revision rate of 22%. Baseline characteristics are reported in Table 

I and bypass characteristics are reported in Table II. No in situ bypasses were performed. 

Table I. Baseline characteristics

Variables No (%) or Mean ± SD

(N = 69)

Age, years 71 ± 9.1

Male 40 (58)

Diabetes 26 (38)

Hypertension 53 (77)

Dyslipidemia 43 (62)

Coronary artery disease 27 (39)

Cerebral artery disease 14 (20)

Renal failure (GFR<60) 9 (14)

Smoking

  No 3 (4)

  Past 8 (12)

  Current 24 (35)

SD, standard deviation.
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In case of a non-reversed bypass either an expandable or Mills valvulotome was used to 

destruct the valves. The distal anastomosis was infragenicular in 48 bypasses (70%).

Procedure

The median number of days from the bypass operation until the primary PTA of the BAR 

was 233 days (range, 42-6238 days). Fifty patients (72%) had an isolated stenosis in the 

bypass. A stenosis was located at the proximal anastomosis in 13 patients (19%) and 

was located at the distal anastomosis in 38 (55%). Technical success was achieved in 63 

patients (91%). Bailout stenting was performed for a residual stenosis in two patients and 

for a flow-limiting dissection after PTA in two other patients. In one patient a residual 

stenosis was accepted due to unavailability of the appropriate stent. A rupture of the BAR 

occurred in one patient, which was successfully controlled with a covered stent.

A postoperative complication occurred in four patients (6%). Three patients developed 

a hematoma after manual compression of the access site, one of whom needed surgical 

exploration to control the bleeding. A pseudoaneurysm developed at the access site in 

one patient and was treated successfully with an ultrasound-guided thrombin injection. 

Procedural characteristics can be found in Table III.

Table II. Bypass characteristics

Type No. (%)

(N = 69)

Indication

Claudication 31 (45)

Critical limb ischemia 38 (55)

Femoropopliteal bypass

Suprageniculate 21 (30)

Infrageniculate 29 (42)

Femoroanterior tibial bypass 3 (4)

Femoroposterior tibial bypass 11 (16)

Femoroperoneal bypass 5 (7)

Single segment great saphenous vein bypasses

Reversed 12 (17)

Non reversed 49 (71)

Spliced vein bypasses

Great saphenous veins 6 (9)

Arm veins 2 (3)
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Follow-up after primary PTA

Median follow-up was 17 months (range 1-58 months), during which time 30 of the 

69 bypasses (43%) remained free from recurrent stenosis or bypass occlusion (figure 1). 

Recurrent stenosis developed in 29 patients (42%) after a median of 214 days (range 

63 to 865), 26 of whom underwent a succesfull second PTA. In one patient, a second 

PTA was not technically successful and the stenosis was successfully treated by creating 

a jump graft from the bypass to the posterior tibial artery. In another patient, recurrent 

significant stenosis was treated with an interposition graft. Another patient was scheduled 

for a second PTA; however, the procedure was terminated due to pectoral angina dur-

ing the procedure. The patient was not scheduled for a reintervention and died several 

months later. Six patients also underwent a third PTA for recurrent stenosis, two patients 

underwent four PTAs, and one patient five PTAs, all successfully. In all but three patients, 

recurrent stenosis occurred at the same site. During secondary revision of stenoses at a 

new site in the bypass, no indication for recurrent stenosis was identified at the site previ-

ously treated. In patients with recurrent stenosis in the bypass, the preoperative duplex 

ultrasound showed diameters of <3.5mm in 4 of the 9 patients, in 3 patients we could not 

retrieve preoperative data.

During follow-up, 10 bypasses (14%) occluded. Four patients were asymptomatic and 

were not scheduled for a reintervention. In one patient the superficial femoral artery was 

succesfully recanalized and the bypass remained occluded. Three patients were treated 

with trombolytic therapy. In one patient this was succesfull, however a re-occlusion 4 

Table III. Treatment and stenosis characteristics

Variables No. (%)

(N = 69)

Distribution

  Solitary 50 (72)

  Multiple 19 (28)

Location

  Proximal anastomosis 13 (19)

  Proximal third of the bypass 9 (13)

  Middle third of the bypass 9 (13)

  Distal third of the bypass 21 (30)

  Distal anastomosis 38 (55)

Technical success 63 (91)

Postoperative complication 4 (6)

Concomitantly treated lesions

  Inflow 6 (9)

  Outflow 11 (16)
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months later resulted in major amputation. In two patients trombolytic therapy was not 

successful and resulted in major amputation. Surgical embolectomy in one patient was 

unsuccessful, resulting in major amputation. Direct major amputation was performed after 

bypass occlusion in one patient due to poor quality of the bypass. Eight bypass occlusions 

occurred within 6 months after primary PTA for BAR. The conduit of nine occluded bypasses 

was the greater saphenous vein, of which eight non reversed. One occluded bypass was a 

composite arm vein bypass. Preoperative duplex ultrasounds showed diameters < 3.5 mm 

in 6 patients. Of the six amputations (8.7%) that were performed, five were major amputa-

tion after bypass failure. Four of those were within 6 months after bypass placement.

No significant difference in the smallest vein graft diameter at duplex ultrasound prior to 

bypass surgery was observed between bypasses developing recurrent stenosis or occlusion 

Figure 1. Freedom from recurrent stenosis or bypass occlusion.

N at risk 69 45 26 16 5

N event 0 24 37 39 39

Kaplan-Meier analysis of freedom from recurrent stenosis or bypass occlusion The number at risk at each 
time interval is shown below each figure. Standard errors exceeding 10% are not shown.
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and bypasses remaining free from recurrent stenosis or occlusions (mean 3.0 mm (range 

2.1 to 4.8mm) vs. 2.9 mm (range 2.0 to 4.4mm) (P=0.205)). No significant difference in 

PSV measurements prior to primary PTA of BAR was observed between bypasses develop-

ing recurrent stenosis or occlusion and bypasses remaining free from recurrent stenosis or 

occlusions (mean 349 cm/s (range 177 to 600cm/s) vs. 379 cm/s (range 178 to 792cm/s) 

(P=0.618)). Bypasses with a PSV < 300 cm/s at the revision site prior to PTA had a PSV ratio 

> 3.0.

Primary assisted, and secondary patency rates at 1 year were 83%, and 86%, respec-

tively. (Figures 2 and 3). A total of 12 patients (17%) died during follow-up. Five died of 

cardiologic causes and seven of unknown causes.

Figure 2. Primary assisted patency

N at risk 69 60 44 29 16

N event 0 8 12 13 13

Kaplan-Meier analysis of primary assisted patency. The number at risk at each time interval is shown 
below each figure. Standard errors exceeding 10% are not shown.
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Discussion

Autologous bypass grafting is still the treatment resulting in the best long-term patency 

rates. However, autologous bypasses may develop stenoses, which may result in bypass 

failure. PTA has become an established treatment in vascular surgery and is also increasingly 

used in the treatment of BAR, 15-17. We have shown that secondary interventions after PTA 

of a BAR are common. However, repeated interventions will result in primary-assisted and 

secondary patency rates of >80%. Other studies support the concept of PTA as a safe and 

durable treatment for BAR. A recent study assessing PTA treatment of anastomotic lesions 

in infrainguinal autologous and prosthetic grafts bypasses described primary assisted, and 

secondary patency rates of 85%, and 88%, respectively at 2 years 17. In patients with in-

graft stenosis, overall assisted patency rates up to 65% at 5 years have been described 18.

Figure 3. Secondary patency

N at risk 69 60 46 32 18

N event 0 8 10 10 10

Kaplan-Meier analysis of secondary patency. The number at risk at each time interval is shown below 
each figure. Standard errors exceeding 10% are not shown.

10 Erasmus Medical Center Rotterdam



The value of duplex surveillance after bypass surgery still may be questionable 10-13, 19-22. 

Randomized controlled trials and meta-analyses comparing duplex surveillance and wait-

and-see follow-up showed an increase in detected significant stenosis and even an 

improvement in assisted patency 20 and secondary patency 11. However, an increase in 

freedom from amputation has not been reported 19. Also, early postoperative duplex 

ultrasound may tend to overestimate clinical relevance of stenoses while 38% may resolve 

spontaneously in time 23. Remarkebly in the present study, all major amputations were 

associated with bypass occlusion. In 8 patients bypass occlusions occurred within 6 months 

after primary PTA of BAR. The Kaplan-Meier curves (Figure 2 and 3) flatten after 1 year. 

While most events take place during first year after the initial PTA, duplex surveillance for 

at least 1 year after PTA of a BAR seems justified.

The great saphenous vein is considered the optimal conduit for in infrainguinal bypass 

grafting. A diameter of <3.5 mm or a spliced vein graft are associated with early graft fail-

ure 24, 25; In our series no significant difference in the smallest vein graft diameter at duplex 

ultrasound prior to bypass surgery was observed between bypasses developing recurrent 

stenosis or occlusion and bypasses remaining free from recurrent stenosis or occlusions.

Technical innovations are continuously changing the field of endovascular therapy. Drug-

eluting balloons (DEBs) and drug-eluting stents are increasingly used in the treatment of 

peripheral arterial occlusive disease. Multiple randomized controlled trials show a reduction 

in late lumen loss and improved patency rates in femoropopliteal atherosclerotic lesions 

treated with DEBs compared with conventional PTA 26, 27. Stenoses in autologous bypass 

grafts, however, are different from atherosclerotic stenoses. Lesions in venous bypasses 

develop as a result of technical reasons, such as improper suturing and instrument trauma, 

and because of intrinsic tissue changes, including subendothelial hypertrophy, layering of 

intimal thrombi, fibrosis of venous valves, and atherosclerosis 28. The outcome of treatment 

of autologous bypass stenoses with DEBs may differ from the use in an arterial lesion. A 

recently published series of 43 patients with prosthetic or autologous infrainguinal BAR 

showed promising secondary patency rates at 1 year of 90%,, after treatment with DEBs 29. 

Airoldi et al 30 described a 1-year patency of 91% in 11 patients with drug-eluting stents 

implanted in infrainguinal bypasses. Because of the fibrotic nature of the lesions in venous 

bypasses, the use of a cutting balloon may improve the technical success and patency 

rates. Two different studies on the use of cutting balloons in the treatment of bypass 

stenoses reported improvement of patency rates 31, 32. In the future, randomized controlled 

trials should be conducted to prove whether these innovative techniques can improve the 

patency rates of endovascular treatment of BAR.

Secondary interventions of BAR strongly improve patency rates 11



Conclusions

Secondary interventions after PTA of a BAR are common. However, repeated secondary 

interventions of autologous infrainguinal BAR result in patency rates of >80% at 1 year.
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