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Abstract

Background—Although open surgical bypass remains the standard revascularization strategy for 

patients with critical limb ischemia (CLI), many centers now perform peripheral endovascular 

intervention (PVI) as the first-line treatment for these patients. We sought to determine the effect 

of a prior ipsilateral PVI (iPVI) on the outcome of subsequent lower extremity bypass (LEB) in 

patients with CLI.

Methods—A retrospective cohort analysis of all patients undergoing infrainguinal LEB between 

2003 and 2009 within hospitals comprising the Vascular Study Group of New England (VSGNE) 

was performed. Primary study endpoints were major amputation and graft occlusion at 1 year 

postoperatively. Secondary outcomes included in-hospital major adverse events (MAE), 1-year 

mortality, and composite 1-year major adverse limb events (MALE). Event rates were determined 

using life table analyses and comparisons were performed using the log-rank test. Multivariate 

predictors were determined using a Cox proportional hazards model with multilevel hierarchical 

adjustment.
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Results—Of 1880 LEBs performed, 32% (n = 603) had a prior infrainguinal revascularization 

procedure (iPVI, 7%; ipsilateral bypass, 15%; contralateral PVI, 3%; contralateral bypass, 17%). 

Patients with prior iPVI, compared with those without a prior iPVI, were more likely to be women 

(32 vs 41%; P = .04), less likely to have tissue loss (52% vs 63%; P = .02), more likely to require 

arm vein conduit (16% vs 5%; P = .001), and more likely to be on statin (71% vs 54%; P = .01) 

and beta blocker therapy (92% vs 81%; P = .01) at the time of their bypass procedure. Other 

demographic factors were similar between these groups. Prior PVI or bypass did not alter 30-day 

MAE and 1-year mortality after the index bypass. In contrast, 1-year major amputation and 1-year 

graft occlusion rates were significantly higher in patients who had prior iPVI than those without 

(31% vs 20%; P = .046 and 28% vs 18%; P = .009), similar to patients who had a prior ipsilateral 

bypass (1 year major amputation, 29% vs 20%; P = .022; 1 year graft occlusion, 33% vs 18%; P 
= .001). Independent multivariate predictors of higher 1-year amputation and graft occlusion rates 

were prior iPVI, prior ipsilateral bypass, dialysis dependence, prosthetic conduit and distal (tibial 

and pedal) bypass target.

Conclusions—Prior iPVI is highly predictive for poor outcome in patients undergoing LEB for 

CLI with higher 1-year amputation and graft occlusion rates than those without prior 

revascularization, similar to prior ipsilateral bypass These findings provide information, which 

may help with the complex decisions surrounding revascularization options in patients with CLI.

Although open surgical bypass provides the most durable option for limb salvage in patients 

with critical limb ischemia (CLI),1 it has substantial morbidity and mortality. Thus, many 

centers prefer to initially treat CLI patients with a less-invasive endovascular peripheral 

endovascular intervention (PVI) instead of open bypass. Results of the Bypass versus 

Angioplasty in Severe Ischaemia of the Leg (BASIL) trial suggest that overall differences in 

amputation-free survival (AFS) after PVI vs bypass are insignificant.2,3

Although the potential benefit of less-invasive PVI is clear, the potential negative impact of 

PVI on ultimate limb salvage in CLI patients is unclear. In the BASIL Trial, patients 

undergoing bypass after a failed PVI had worse AFS than those undergoing primary 

bypass.3,4 Additionally, previous studies have suggested that patients who failed PVI and 

went on to require bypass needed longer bypasses to more distal targets.5,6 These findings 

have stimulated debate over PVI vs bypass as the optimal first-line strategy for the treatment 

of CLI.

The outcome of secondary lower extremity bypass after failed primary bypass is known to 

be poor, with significantly higher graft occlusion and amputation rates.7,8 However, the 

outcome of lower extremity bypass after failed ipsilateral PVI (iPVI) is not established. The 

purpose of this study is to assess the effect of a failed prior PVI on the outcome of 

infrainguinal bypass performed for CLI and to compare the magnitude of this effect with the 

impact of a failed previous bypass graft.

METHODS

Study design, sample, and database

This is a retrospective cohort analysis of 1880 infrainguinal bypass grafts performed 

between January 2003 and December 2009 for CLI (rest pain or tissue loss) in 10 centers 
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participating in the Vascular Study Group of New England (VSGNE). The VSGNE is a 

regional cooperative quality improvement initiative developed by community and academic 

centers in 2002 to study regional outcomes in vascular surgery. Further details on this 

registry have been published previously9 and are available at http://www.vsgne.org. In the 

VSGNE registry, we collect over 70 preoperative, intraoperative, and postoperative 

variables, as well as key outcomes at 1-year follow-up, as described in previous 

publications.9,10

Historical information collected at the time of surgery indicated that 32% (n = 603) of 

patients had undergone an infrainguinal revascularization procedure at some time prior to 

the index bypass procedure being entered into the VSGNE registry. These consisted of 7% 

(n = 132) iPVI, 15% (n = 275) ipsilateral bypass, 3% (n = 62) contralateral PVI, and 17% (n 

= 326) contralateral bypass. One hundred ninety-four patients (10%) underwent multiple 

revascularization procedures. These are shown in the Appendix (online only). The number of 

patients undergoing bypass with a history of a prior ipsilateral PVI varied substantially 

among centers, ranging from 2% to 13% (data not shown) and the observed variation was 

used to adjust for outcomes in our statistical modeling. Details of these previous procedures 

were not further recorded, so timing and precise type of previous bypass or PVI is not 

known.

Study endpoints

To evaluate the outcomes of lower extremity bypass (LEB) following a failed PVI, we chose 

our study endpoints to target safety and efficacy of the procedure as previously described.11 

The principal efficacy outcomes of this study were major amputation (above or below knee) 

and graft occlusion within the first year postoperatively to evaluate efficacy of LEB. The 

safety outcomes included in-hospital major adverse events (myocardial infarction, 

congestive heart failure, dysrhythmia requiring treatment, wound infection, renal 

insufficiency, respiratory failure, pneumonia, graft infection, return to the operating room, 

death, graft occlusion, or major amputation). Additional efficacy outcomes included 1-year 

mortality and 1-year major adverse limb events (major adverse limb events [MALE] – major 

above-knee amputation, new bypass, jump graft/interposition graft, graft occlusion or major 

reintervention requiring thrombectomy or thrombolysis).11

Definitions of patient medical comorbidities in the VSGNE have been defined elsewhere.12 

These include chronic obstructive pulmonary disease (COPD; chart history), congestive 

heart failure (CHF; chart history or documented ejection fraction <50% on preoperative 

testing), coronary artery disease (CAD; any history of angina, myocardial infarction [MI], 

prior coronary intervention, or electrocardiogram [EKG] changes consistent with previous 

MI), chronic renal insufficiency (CRI; Cr ≥1.8 mg/dL), end-stage renal disease (ESRD; on 

dialysis), diabetes mellitus (DM; chart history, designated as diet-controlled, on oral 

hypoglycemic agents, or on insulin), and hypertension (HTN; chart history or blood pressure 

≥140/90), hyperlipidemia (HLIP; chart history). For our analysis, distal bypass included 

tibial and pedal targets.
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Analysis

Demographic data were compared using a t test for continuous variables and χ2 with Fischer 

exact correction for categorical or dichotomous variables. Rates were determined using 

Kaplan–Meier life table analyses. Comparisons of rates were made using the log-rank test. 

Multivariate predictors of major amputation and graft occlusion were determined using Cox 

proportional hazards models. Univariate predictors for outcomes identified in Table I were 

tested in our multivariate model and those that were significant were included in the 

multivariate model, including graft type and target vessel. Multilevel (hierarchical) modeling 

was performed to account for differences in outcomes across centers. All analyses were 

performed using Microsoft Excel (Redmond, Wash) and Stata (College Station, Tex). The 

Institutional Review Board at Dartmouth Medical School approved the analysis of 

deidentified data from our registry for this study.

RESULTS

Most demographic factors were similar when compared between those who underwent prior 

iPVI and those who did not (Table I). However, patients who had been treated with prior 

iPVI were less likely to have tissue loss, were more likely to be women, were more likely to 

be on statin therapy and beta blocker therapy at the time of their index bypass, and were 

more likely to require arm vein for conduit (P < .05). Although there was a tendency for 

these patients to require more distal, tibial bypass targets, this finding was not statistically 

significant and their subsequent outcome was not changes.

Overall, in-hospital major adverse events occurred in 27% of patients after bypass for CLI in 

VSGNE with no prior revascularization procedures. This event rate was not affected by 

whether or not a patient had undergone previous iPVI or bypass (Table II). Similarly, 1-year 

mortality (12%) was not different among these groups (Table II).

Major amputation by 1 year postoperatively, however, was significantly more likely after 

infrainguinal bypass if patients had a prior iPVI, at 31% (P = .046), or prior bypass, at 29% 

(P = .022), compared with 20% in patients without prior revascularization procedures (Fig 

1). Prior contralateral procedures (PVI or bypass) were not associated with a higher rate of 

amputation (Fig 1). Similarly, the 1-year graft occlusion rate was significantly higher in 

patients who had prior iPVI, at 28% (P = .009), or prior bypass at 33% (P < .001), compared 

with only 18% in patients without prior ipsilateral revascularization (Fig 2). As a combined 

endpoint, MALE were significantly more likely in patients with prior iPVI, or bypass (Fig 

3).

By multivariate analysis, predictors of 1-year major amputation rate were prior ipsilateral 

PVI or bypass, dialysis dependence, prosthetic conduit, and tibial level bypass target. 

Aspirin was found to be protective. Prior ipsilateral PVI or bypass similarly increased the 

risk of major amputation by approximately 50% in addition to dialysis dependence, 

prosthetic conduit, and tibial level target. Aspirin use was protective of amputation at 1 year 

(Table III). Finally, prior ipsilateral PVI and bypass also increased the risk of 1-year graft 

occlusion by 50% (Table IV). Dialysis dependence, prosthetic conduit, arm vein conduit, a 
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tibial level bypass target, and female gender also increased the risk of graft occlusion by 

multivariate analysis (Table IV).

DISCUSSION

Our study shows that a prior ipsilateral infrainguinal PVI is an important predictor of poor 

outcomes after lower extremity bypass for CLI. According to multivariate analysis, a prior 

iPVI increased both the risk of limb loss and the risk of occlusion of a subsequent 

infrainguinal bypass by approximately 50% at 1 year. This magnitude of effect was very 

similar to the negative predictive effect of a prior ipsilateral bypass that has reported patency 

rates of only 50% to 60% and limb salvage rates of 80% at 1 year.13 Other factors identified 

in our risk-prediction model have been previously reported to confer a negative effect on 

lower extremity bypass outcomes. These factors include dialysis dependence, prosthetic 

conduit, tibial (as opposed to popliteal) target and female gender,14-16 lending face validity 

to the risk prediction model. Aspirin was found to be protective as previously noted by 

others.17 These findings lend support to the general applicability of the VSGNE findings. In 

contrast to the impact of prior ipsilateral PVI or bypass, contralateral PVI or bypass did not 

affect the risk of either amputation or graft occlusion. Thus, systemic factors such as a 

hypercoagulable state are less likely to have been responsible for the negative impact of a 

prior ipsilateral procedure. Further, there were no differences in postoperative major adverse 

events or 1-year mortality between patients having primary bypass vs those who had prior 

ipsilateral revascularization, suggesting that prior ipsilateral revascularization primarily 

impacts graft-related events, rather than global patient-related outcomes such as medical, 

graft, or wound complications.

The BASIL trial is the only large-scale randomized control trial to evaluate the outcomes of 

PVI vs bypass in patients eligible for both. The results of our study regarding the impact of 

prior PVI on AFS are similar to those published in the BASIL Trial,3 which reported AFS at 

1 year of only 40% for bypass after failed angioplasty vs 70% after initial bypass. Though 

not an endpoint of our study, corresponding 1-year results for AFS in VSGNE were 53% for 

bypass after failed angioplasty vs 76% after initial bypass (P = .03), very similar to the 

BASIL results.

The outcomes of prior failed PVI have been described in other studies,4-6,18 but few evaluate 

the impact of the PVI on subsequent bypass, as most are treated with a repeat PVI.6,18 In a 

review of failed PVI, five of 46 patients with failed PVI required subsequent bypass with a 

20% amputation rate. Similarly, of 39 early (<30 day) PVI failures, Galaria et al reported 

that 19 required subsequent bypass with a similar 17% rate of amputation.18 In a study of 25 

bypasses after failed PVI, Böckler et al demonstrated similar outcomes to the present study 

with a bypass failure rate of 50% and an amputation rate of 44% over a median of 6 

months.4

The effect of a failed PVI on a distal anastomotic site is less well understood. Joels et al 

reported that a failed PVI resulted in a more distal target for bypass in 28% of cases and half 

of these patients had compromised runoff as a result of PVI failure.5 Conversely, others have 

reported the opposite. One study of 46 failed PVIs reported no change in distal anastomosis 
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site over a mean follow-up of 8.7 months.6 Another reported that of 39 PVI failures, there 

was no change in distal anastomotic site. This discrepancy in the literature may be due to the 

small number of cases in each study where a failed PVI required a subsequent bypass. While 

the present study is the largest to date to report on bypass outcome after a prior PVI, we are 

unable to determine if the PVI failure affected the distal target since information of the index 

procedure is not tracked in our database.

Why is prior ipsilateral PVI or bypass associated with worse results for infrainguinal 

bypass? Several possible explanations exist. First, failure of prior PVI or bypass could be a 

surrogate for patient-specific risk factors such as hypercoagulability15 that are not measured 

in our registry. However, this seems unlikely given that a previous failed contralateral 

revascularization procedure was not associated with any negative effects. Second, a prior 

failed PVI or bypass could compromise runoff for a future bypass by embolization or 

thrombosis. While this has been demonstrated in previous reports,5 we were only able to 

identify a trend (P = .15) in this cohort for secondary bypasses to require a more distal target 

artery than primary bypasses. Finally, marginal vein quality may have dictated the initial 

choice of PVI or the type of previous bypass (for example, initial use of prosthetic graft if 

vein quality was marginal). If marginal vein was then resorted to for the subsequent bypass, 

this could negatively influence graft outcome.19 Vein quality used for bypass is not recorded 

in our registry beyond the use of arm vein or spliced veins, which were included in our 

analyses. In our multivariate models, arm vein was significantly associated with graft 

occlusion at 1 year but not with major amputation.

Our study has several limitations. Most notably, we know only that patients in our registry 

had undergone a prior bypass or PVI, but we do not have data on the type of procedure or 

when it occurred. Others reporting on similar complications after PVI note that patients with 

failure present within 4 to 6 months after their procedure.4,5 Additionally, we do not have 

data on the total number of PVI procedures previously performed, which might provide a 

better understanding of the association between a failed PVI and later bypass. The VSGNE 

is now tracking all PVIs prospectively to assist in answering these questions. Finally, 

without a randomized trial, the effect of unknown confounders exists. Yet, we have 

attempted to minimize the effect of this with sound statistical methods in our multivariate 

model and adjust for potential confounders such as differences across centers or distal target 

vessels. When controlling for all of these known factors, a prior PVI still appears to be 

associated with a risk of major graft events at 1 year.

In conclusion, while it is well known that a prior failed ipsilateral infrainguinal bypass is a 

negative predictor for future LEB success, this study demonstrates that a prior failed 

infrainguinal ipsilateral PVI has a similar negative prognostic effect on subsequent LEB. 

While we are unable to definitively prove causation, prior failed ipsilateral PVI is associated 

with 1-year major amputation or graft occlusion in the same manner that other established 

factors such as dialysis dependence, synthetic conduit and distal target arteries are. While 

some patients may benefit from an initial PVI, those who are eligible for either procedure 

may benefit from bypass given our findings and those of the BASIL trial. Further work is 

necessary to clarify the durability, utility, and cost-effectiveness of a PVI-first approach for 

patients presenting with CLI.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
One-year major amputation rates in patients undergoing lower extremity bypass who have 

undergone prior revascularization procedure. P values compared with patients with no prior 

revascularization procedure. PVI, Peripheral vascular intervention.
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Fig 2. 
One-year graft occlusion rates in patients undergoing lower extremity bypass who have 

undergone prior revascularization procedure. P values compared with patients with no prior 

revascularization procedure. PVI, Peripheral vascular intervention.
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Fig 3. 
Freedom from major adverse limb events after lower extremity bypass. Major adverse limb 

event includes amputation, graft occlusion, or reintervention. PVI, Peripheral vascular 

intervention.
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Table I

Patient characteristics

No prior revasc
a 

(n=1277)

Ipsilateral PVI (n=134) Bypass (n=275) Contralateral PVI (n=62) Bypass (n=326)

Age 70 68 68 67 70

Male 68%
59%

b 64% 65% 70%

Tobacco use 80% 82%
88%

b 84% 82%

Hypertension 86% 90% 89% 95%
94%

b

Diabetes 56% 58% 57%
66%

b
68%

b

CAD 40% 42%
47%

b 47% 44%

CHF 23% 24%
16%

b 19% 21%

COPD 31% 34% 34% 39% 29%

Dialysis 10%
5%

b
5%

b 15% 9%

Renal insufficiency 20% 13%
12%

b 17% 19%

Tissue loss 63%
52%

b
49%

b 53% 63%

Pre-op beta blocker 81%
92%

b 84%
94%

b 88%

ASA 68% 73% 66% 76% 69%

Statin 54%
71%

b 59%
69%

b
61%

b

Prosthetic conduit 24% 29%
46%

b
39%

b
32%

b

Arm vein conduit 5%
16%

b
17%

b
11%

b
15%

b

Crural distal target 47% 53% 54%
29%

b 49%

ASA, Aspirin; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; PVI, peripheral vascular intervention.

Renal insufficiency defines as creatinine >1.8. Coronary artery disease (CAD), congestive heart failure (CHF), and chronic obstructive pulmonary 
disease (COPD) defined by chart history.

a
Revasc, revascularization procedure (PVI or bypass).

b
P <.05 (compared with no prior revascularization group).
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Table II

Major adverse events (MAE) and 1-year mortality based on prior revascularization

Type of prior revascularization In hospital MAE
P

a
One-year mortality (P value

b
) P

b

No prior revascularization
a 27% 12%

Ipsilateral

    Prior PVI 30% .54 13% .95

    Prior bypass 28% .83 13% .51

Contralateral

    Prior PVI 34% .22 13% .85

    Prior bypass 35% .54 12% .36

PVI, Peripheral vascular intervention.

Major adverse events include myocardial infection, congestive heart failure, dysrhythmia requiring treatment, wound infection, renal insufficiency, 
respiratory failure, pneumonia, graft infection, return to the operating room, death, graft occlusion, or major amputation.

a
Comparison by χ2 statistic.

b
Comparison by log-rank statistic.
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Table III

Independent predictors of major amputation at 1 year

HR 95% CI

Dialysis 2.7 2.2 3.3

Prosthetic conduit 2.1 1.3 3.4

Prior ipsilateral PVI 1.5 1.1 2

Prior ipsilateral bypass 1.4 1.1 1.7

Tibial target 1.4 1.2 1.7

Aspirin 0.8 0.7 0.9

CI, Confidence interval; HR, hazard ratio; PVI, peripheral vascular intervention.
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Table IV

Independent predictors of graft occlusion at 1 year

HR 95% CI

Tibial target 1.9 1.6 2.4

Dialysis 1.8 1.3 2.5

Arm vein conduit 1.7 1.3 2.1

Prosthetic conduit 1.6 1.3 1.8

Prior ipsilateral PVI 1.5 1.1 2.1

Prior ipsilateral bypass 1.4 1.2 1.6

Female gender 1.3 1.1 1.5

CI, Confidence interval; HR, hazard ratio; PVI, peripheral vascular intervention.
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