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INTRODUCTION 

 

 Lower Extremity Revascularization for Critical Limb Ischemia (CLI) has undergone 

significant change over the past 20 years. During the latter half of the twentieth century the 

majority of patients presenting with CLI underwent some type of open surgical bypass with 

either autogenous vein or prosthetic graft as a conduit.  Today, almost all patients receive some 

attempt at endovascular repair prior to proceeding to lower extremity bypass (LEB).  As a result, 

the patients who are undergoing LEB today have changed considerably.  While this is not 

problematic in and of itself, it does make using older data regarding the outcomes of LEB 

concerning. 

 As our healthcare system has moved increasingly towards a pay-for-performance model, 

it has become essential to assess the quality of surgical outcomes.  Because of this, there have 

been efforts to create and identify metrics of lower extremity revascularization. This is a difficult 

task given the heterogeneity of the patient population and the heterogeneity of procedures 

offered to such patients (endovascular and open bypass).  One proposed set of quality metrics is 

the Society for Vascular Surgery’s Objective Performance Goals (OPG) for Lower Extremity 

Revascularization created in 2009.  These OPG were created from the pooled data from three 

randomized controlled trials evaluating a variety of therapies from CLI.  These OPG were 

initially developed as a historical control against which to compare future technologies for lower 

extremity revascularization.  However, over the past five years they have been suggested as a 

potential metric for contemporary lower extremity bypass outcomes.  This is problematic, in 

particular, because all patients with end stage renal disease and prosthetic conduit were excluded 

from the SVS OPG cohort.  The two following papers are an examination of the use of the SVS 

OPG as a quality metric.  The first paper looks at a contemporary series of patients undergoing 
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LEB for CLI at a major teaching hospital and assesses whether these patients are different from 

the patients who were used to develop the SVS OPG.  The second paper is looking at a larger 

population of patients undergoing LEB for CLI from the Vascular Study Group of New England 

(VSGNE).  We asked the same question: “which patients would have been OPG eligible?”  

Finding that more than half would have been ineligible at a single major teaching hospital and 

nearly 35% would be ineligible in the large regional database, we developed new OPG for the 

ESRD and the prosthetic conduit populations using the data from the regional database. 
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Applicability of the Society for Vascular Surgery’s Objective Performance Goals for 
Critical Limb Ischemia to Current Practice of Lower Extremity Bypass 

ABSTRACT 

Objective:  In 2009, the SVS established objective performance goals (OPG) for critical limb 

ischemia (CLI) based on data from previous, randomized, controlled trials of lower extremity 

bypass (LEB).  These OPG sought to establish a benchmark of outcomes to which one could 

compare future endovascular therapy.  However, the cohort used to develop the OPG excluded 

all patients who required prosthetic conduit and those with end stage renal disease (ESRD), 

possibly limiting the generalizability of these results and the subsequent guidelines.  The goal of 

this study was to determine if the SVS OPG are applicable to the current population of patients 

undergoing LEB. 

Methods:  All patients who underwent infra-inguinal LEB for CLI from January 2010 to 

December 2013 were identified in a prospectively maintained database.  Patients were stratified 

into OPG eligible and ineligible (non-OPG) groups based on their demographic and operative 

characteristics.  OPG eligible patients were further stratified into high risk and average risk.  

Outcomes included 30 day major adverse limb events (MALE), 30 day major adverse 

cardiovascular events (MACE), 1-year survival, and 1-year freedom from amputation.  

Results:  89 individual patients were identified.  Only 43 (48%) patients met OPG inclusion 

criteria and 46 (52%) were not OPG eligible (non-OPG).  The 30-day MALE was 8.7% (13.0% 

non-OPG versus 7.0% OPG, P=0.34).  The 30 day MACE was 11.2% (13.0% non-OPG versus 

9.3% OPG, P=.58). One year survival was 80.3%+/-4.5% (71.2% non-OPG versus 90.0% OPG, 

P=0.21).  One year freedom from amputation was 71.7%+/-5.5% (58.8% non-OPG versus 84.0% 

OPG, P=0.03). 
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 Conclusions:  The SVS OPG for LEB are likely not generalizable to current practice as 51% of 

patients would have been excluded from the SVS cohort due to ESRD and prosthetic conduit.  

Most SVS OPG (30 day MALE, 1 year survival, and 1 year limb salvage) were attainable in 

patients who met SVS OPG inclusion criteria; but for the patients who are not OPG eligible, new 

benchmarks are needed.   
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INTRODUCTION 

 Critical Limb Ischemia (CLI) is estimated to affect 500 to 1,000 individuals per 1 million 

in the United States per year.
1
  The majority of these patients receive some attempt at limb 

salvage be it endovascular or open surgery.  Over the last twenty years, the paradigm for treating 

critical limb ischemia has shifted from one favoring open surgical lower extremity bypass to an 

endovascular first approach.  However, there have been few randomized, controlled trials 

comparing these two treatment modalities because it would be difficult to randomize between the 

two groups.
2
  Given this lack of evidence and in an effort to provide a benchmark of outcomes 

for lower extremity revascularization procedures against which investigators could compare 

future endovascular therapies, the Society for Vascular Surgery developed a set of Objective 

Performance Goals (OPG) for CLI in 2009.
3
  These OPG were derived from data pooled from 

the open surgical bypass arms of three randomized controlled trials (RCTs) evaluating therapies 

for CLI including the Project of Ex Vivo vein graft Engineering Via Transfection III (PREVENT III) 

trial 
4
, the Circulase II trial 

5
, and the Bypass Versus Angioplasty in Severe Ischemia of the Leg (BASIL) 

trial.
2
    While these three RCTS included a variety of patients, the cohort used to develop the 

SVS OPG excluded all patients with ESRD and prosthetic conduit.  These exclusions raise 

concerns about the generalizability of the SVS OPG to contemporary vascular surgical practice.  

 While the SVS OPG were initially developed as a research tool to facilitate the evaluation 

of new endovascular therapies, some have suggested that they could be used as a metric for 

lower extremity bypass outcomes.  However, as most surgeons have adopted an endovascular 

first approach to the treatment of CLI, it is unlikely that the patients undergoing LEB in 

contemporary practice are similar to the cohort used to develop the SVS OPG.  At this time, 

because patients who undergo LEB are usually those with no viable endovascular option, there is 
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an increased likelihood that they will have ESRD or require a prosthetic conduit.  Therefore the 

aims of this study were threefold.  First, to evaluate a contemporary population of patients 

undergoing lower extremity bypass in the endovascular era.  Second, to determine what 

percentage of these patients would be SVS OPG eligible.  And, third, to delineate the outcomes 

of the patients who were SVS OPG eligible and those who were not OPG eligible (non-OPG 

group) and assess whether these patients could realistically achieve the SVS OPG benchmarks.  

METHODS 

Patients: This was a retrospective analysis of all patients who underwent infra-inguinal LEB for 

CLI from January 2010 to December 2013 at a single institution.   Data was obtained from a 

prospectively collected database and further information was obtained from the electronic 

medical record.  127 patients had 139 operations.  Only the initial bypass procedure performed 

during the study period was counted: all additional procedures (re-do procedure on the ipsilateral 

limb or additional procedure on the contralateral limb were excluded).   All patients who had 

procedures performed for claudication (33), acute limb ischemia (2), and aneurismal disease (5) 

were removed from the study group.  This left 89 patients in the study population.  Critical limb 

ischemia was defined as rest pain or tissue loss (corresponding to Rutherford Category 4-6 levels 

of chronic leg ischemia).
6
  The decision to proceed with open surgical LEB versus other 

treatment modality was based on disease severity, anatomic criteria, and surgeon judgment.  The 

Institutional Review Board of the Massachusetts General Hospital provided their approval for 

this study.   

 Demographic information including preoperative medical conditions, preoperative 

medications, and previous lower extremity interventions were gleaned from the medical record.  
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A number of potential confounders were identified including hypertension, coronary artery 

disease (CAD), congestive heart failure (CHF), diabetes mellitus, end stage renal disease 

(ESRD), chronic obstructive pulmonary disease (COPD), smoking status, preoperative beta 

blocker usage, preoperative statin usage, preoperative aspirin usage, previous inflow bypass, 

previous infra-inguinal bypass, and previous peripheral vascular intervention (PVI).  Coronary 

artery disease was defined as ha history of previous myocardial infarction regardless of 

revascularization status.   Diabetes was defined by the need for diet-control, oral hypoglycemics, 

or insulin therapy. ESRD was defined by the need for hemodialysis or a functioning renal 

transplant.  Smoking status was stratified as previous, current, and never.   

Procedure: All lower extremity bypass procedures performed during this time frame were 

accounted for.  Operative details including the level of the proximal (external iliac artery, 

common femoral artery, profunda artery, superficial femoral artery, above the knee popliteal 

artery, below the knee popliteal artery) and distal (above the knee popliteal artery, below the 

knee popliteal artery, tibio-peroneal trunk, anterior tibial artery, posterior tibial artery, peroneal 

artery, dorsalis pedis ankle, posterior tibial ankle, tarsal/plantar arteries) anastomoses were 

recorded.  Conduit was characterized as either prosthetic or vein.  Prosthetic conduit was further 

described as either PTFE or non-autologous biologic.  Vein was further described by type 

(reversed greater saphenous vein (GSV), in situ GSV, non-reversed transposed GSV, lesser 

saphenous vein, cephalic vein, basilic vein, and composite vein) and number of vein segments 

(0-3).    

Post-operative Follow-up: Post-operative information was gleaned from the medical record and 

social security death index.  At least one follow-up visit or other evidence of post-procedural 

clinical documentation was required for patient inclusion in the study.  30-day death, 
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perioperative myocardial infarction, and perioperative stroke were recorded.  Patient’s last 

follow-up date with a vascular surgeon was recorded providing length of follow-up time.  

Primary patency was defined through a combination of physician reported physical examination 

and review of imaging studies in the hospital record.  Any additional peripheral vascular 

procedures (both endovascular and open surgical) were recorded.   Patency was judged to be 

either primary, primary-assisted, secondary, or occluded.  Survival follow-up was obtained from 

the Social Security Death Index.   

OPG versus non-OPG: Patients were stratified into OPG eligible and OPG-ineligible (non-OPG) 

cohorts.  All patients with ESRD (hemodialysis or functioning renal transplant) and those with 

prosthetic conduit were placed in the non-OPG cohort while all other patients were considered 

OPG eligible.   

Study Endpoints: Endpoints as dictated by the Society of Vascular Surgery Objective 

Performance Goal writing group were used.  These endpoints consisted of 30 day safety 

measures and one year efficacy measures.  The safety measures included 30 day major adverse 

limb event (MALE) defined as any above ankle amputation of the index limb or major 

reintervention (re-do LEB, jump/interposition graft, graft revision, graft 

thrombectomy/thrombolysis) within 30 days of the index procedure, 30 day major adverse 

cardiovascular event (MACE) defined as any myocardial infarction, stroke, or death (any cause) 

within 30 days of the index procedure, 30 day amputation, and 30 day peri-operative death.  The 

one year efficacy measures included one year survival and one year freedom from amputation.   

High Risk Criteria: Patients from the OPG cohort were further stratified into average and high-

risk using the same variables identified in the SVS OPG in 2009.
3
  These criteria were identified 
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in their model as being predictive of worse outcomes and subsequently these groups received 

elevated objective performance goals consistent with their risk profile.   The high risk criteria 

included clinical high risk defined as an age greater than 80 and a procedure performed for tissue 

loss, anatomic high risk defined as an infra-popliteal target, or a conduit high risk group defined 

as those patients who had venous conduit other than a single segment of GSV. 

Statistical Analysis: All statistical analysis was performed with Stata (College Station, Texas).  

Univariate analysis was performed using the student’s t test for continuous variables and the chi 

square test for categorical variables.  Differences in 1-year efficacy outcomes were assessed 

using Kaplan Meier survival analysis and the log-rank test.  Because of the small numbers in this 

case series, multivariate logistic regression and cox proportional hazards models were not 

created due to concerns for overfitting.  Statistical significance was defined at a p<.05.   

RESULTS 

Patient Cohort: 89 individual patients underwent LEB for CLI during 2010-2013.  Ten patients 

(11.2%) had ESRD with 9 requiring hemodialysis and 1 with a functioning renal transplant.  36 

patients required a prosthetic conduit (40.4%).  These two patient groups were combined to form 

the non-OPG group and accounted for 46 patients or 51.7% of the total cohort.  All other patients 

were considered OPG eligible and numbered 43 (48.3%).  Within the OPG group, 8 patients 

(18.6% of the OPG group) were considered clinical high risk, 24 (55.8% of the OPG group) were 

considered anatomic high risk, and 9 (20.9%) were considered conduit high risk.  Altogether, 26 

(60.5%) of the OPG eligible patients were considered high risk for one or more reasons. Only 17 

(19.1%) of the total cohort was considered low risk OPG eligible.  
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Non-OPG versus OPG group: There was no difference in age (mean 69.7 years), sex, or race 

between the three groups.  There were equal proportions of smoking, hypertension, diabetes, 

CAD, CHF, and COPD.  However, due to small sample size, there may have been a type 2 error 

in regards to the CAD and CHF between groups.  Patients in the OPG group were more likely 

statistically to have had a previous PVI (55.8% OPG versus 30.4% non-OPG, p=.016).  

However, the most notable thing about the demographics of the entire cohort is 39% of the non-

OPG group were a re-do bypass and 65% of the total cohort had a previous intervention.  This 

indicates that most of these patients (in both the non-OPG and OPG group) were undergoing a 

second attempt at limb salvage. (Table 1). 

 Taken as a whole, our entire cohort failed to meet the 30 day safety SVS OPG 

benchmarks.  The cohort had a 10.1% incidence of 30 day MALE comparing unfavorably to the 

SVS OPG of <8%.  Stratification into non-OPG and OPG groups demonstrated a large but non-

significant difference in outcomes between the non-OPG (13.0%) and OPG (7.0%) cohorts 

(p=0.34).  This difference is non-significant, but there is a high likelihood that this was a type 2 

error given the overall small sample size.  The overall 30 day MACE was 11.2%.  Neither the 

non-OPG (13.0%) nor the OPG group (9.3%) achieved the SVS OPG benchmark of <8% 

(p=0.58).  The 30 day death rate was 6.7% (8.7% non-OPG versus 4.7% OPG, p=0.45) and the 

30 day amputation rate was 7.9% (10.9% non-OPG versus 4.7% OPG, p=0.28) with both groups 

failing to realize the SVS OPG of <3%.  Overall, this cohort could not meet the SVS OPGs for 

30 day safety, and the non-OPG group fared worse than the OPG eligible group in all measures.  

(Table 2). 

 With regards to 1-year efficacy measures, the total cohort met the survival SVS OPG but 

not the freedom from amputation OPG.   In both efficacy measures, the non-OPG group did 
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worse than the OPG group.  The overall 1-year survival for the cohort was 80.3% (SE 4.5%), 

which meets the SVS OPG benchmark of >80%.  The non-OPG group was 71.2% (SE 4.6%) 

versus 90.0% in the OPG group (p=0.21).  This difference was not significant, but again there is 

a trend towards the non-OPG group having worse survival at 1-year (Figure 1).  Within the non-

OPG group, ESRD appeared to be the driver of poor survival.  Comparing 1-year survival 

between the ESRD patients and those patients who were not on HD or status post renal transplant 

there was a significant difference (47.0% ESRD versus 85% non-ESRD; p=0.005).   

Overall 1-year freedom from amputation for the total cohort was 71.7% (SE 5.5%) failing 

to reach the SVS OPG of >84%.  The non-OPG group 1 year freedom from amputation was 

58.8% (SE 8.8%) versus 84.0% (SE 6.0%) for the OPG group (p=.03) (Figure 2).  This 

significantly worse limb salvage in the non-OPG group was driven by patients with prosthetic 

conduit who had a 55% limb salvage rate at 1 year versus 84.0% for those who had autogenous 

conduit (p=.01).  Overall, it is clear that at one year, the non-OPG cohort had worse performance 

than the OPG group with ESRD being the major predictor of death and prosthetic conduit the 

predictor of limb loss (Table 2).  

OPG High Risk versus OPG Low Risk:  

 Stratifying the OPG cohort into high and low risk categories demonstrated that the low 

risk patients met all of the 30 day safety benchmarks except for 30 day amputation.  In 30 day 

MALE, the high risk group OPG group measured 7.7% versus 5.9% for the low risk group 

(p=0.82).  For 30 day MACE, the high risk group was 11.6% versus 5.9% (p=0.53).  For 30 day 

survival, the high risk group was 7.7% versus 0% in the low risk group (p=0.24).  Finally, for 30 

day amputation, the high risk group was 3.8% versus 5.9% (p=0.76).  In all categories except 30-



Saraidaridis et al. 15 

 

day amputation, the low risk OPG group met the SVS goals indicating that the SVS OPG can be 

met in certain low risk populations.   

 For 1-year efficacy results, the low risk OPG group did similarly well.  In 1-year survival, 

the low risk group measured 100% versus 83.9% (SE 7.4%) p=0.02 with both groups making the 

SVS OPG benchmark of greater than 80%.  For one year freedom from amputation the low risk 

OPG group measured 87.4% (SE 8.4%) versus 81.5% (SE 8.4%) in the high risk group (p=0.65).  

While this difference was non-significant, the high risk group failed to make the SVS OPG of 

>84% freedom from amputation at 1 year.  Overall the high risk group performed worse than the 

low risk group in both 1-year efficacy measures. 

DISCUSSION 

 Patients in the non-OPG cohort failed to achieve any of the SVS OPG benchmarks in 30-

day safety or 1 year efficacy.  Even our OPG eligible group failed to make a number of the SVS 

OPG.  In fact, the only group who consistently met the SVS standards were the OPG low risk 

group.  With 51.7% of the total cohort not OPG eligible, and only 19% of the total cohort OPG 

low risk, the SVS OPG are perhaps not suited to assess outcomes in patient cohorts of similar 

composition.   

 As the focus on surgical care shifts to a quality based system, the search continues for 

appropriate metrics by which to judge surgical outcomes.  At first glance, guidelines such as the 

SVS OPG appear to be easy metrics to apply to assess quality in surgical populations, but care 

must be taken to ensure that the populations being assessed are comparable to the patients from 

the initial cohort. In 2011, Goodney et al. validated the SVS OPG in a large regional 

administrative database (the Vascular Study Group of New England) with the conclusion that the 
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OPG are generalizable to everyday vascular surgery practice.
7
  However, in order to mirror the 

SVS OPG study population, they excluded all patients with ESRD and prosthetic conduit (6% 

and 21% of their patients who underwent lower extremity bypass procedures) making it unclear 

if the SVS OPG were even generalizable to the whole VSGNE population.  In the current series, 

more than half of the patients would have been excluded by SVS OPG criteria. So while the SVS 

OPG may be appropriate for many patient populations, for practices in which there are large 

proportions of patients with prosthetic conduit or ESRD, there needs to be an alternate way of 

measuring outcomes.  Finally, because the SVS OPG are a flat guideline, there is no opportunity 

to risk adjust them; therefore if these metrics are to be considered for use, additional OPG for the 

ESRD and prosthetic conduit groups will need to be created. 

It is well documented in the literature that patients with ESRD and prosthetic conduit 

have worse outcomes following lower extremity revascularization for CLI.  The use of prosthetic 

conduit has been shown to be associated with a decrease in long-term overall graft patency and 

successful limb salvage (especially when the distal target is below the knee).
8, 9

  ESRD has been 

shown repeatedly to be associated with worse lower extremity revascularization outcomes 

including poor 30 day mortality,
10-12

 long term survival, and long term limb salvage.
13, 14

  For 

patients with ESRD, these adverse outcomes are seen not only in open surgical bypass but also in 

peripheral endovascular interventions as well.
15

  An increase in the prevalence of both ESRD and 

prosthetic conduit in a study population would likely affect both safety and efficacy outcomes, 

therefore impinging on the ability of a center to meet the SVS objective performance goals.  For 

the cohort of patients detailed herein whose demographics are likely common to many tertiary 

referral centers, the need for these additional OPG is particularly pressing.      
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In addition to providing new guidelines for the ESRD and prosthetic groups, special 

attention must be paid to other demographic criteria that place patients at high risk for poor 

outcomes.  In an effort to determine why this total cohort (both OPG and nonOPG) did so poorly 

in both safety and efficacy measures, there are some important characteristics of this group that 

must be highlighted.  In addition to having a higher percentage of patients who were OPG 

ineligible, 33.7% (30 out of 89) had undergone a previous ipsilateral infra-inguinal LEB prior to 

inclusion in the study (39.1% nonOPG versus 27.9% OPG, p=0.26) and 38 out of 89 (42.7%) 

had undergone a previous PVI.  Altogether 65% of patients had undergone any previous 

ipsilateral infra-inguinal intervention (either endovascular or surgical).  This is more than double 

the SVS OPG cohort which had 11.9% previous ipsilateral LEB and 16.2% any ipsilateral 

intervention, and the VSGNE cohort which had 14.3% previous ipsilateral LEB and 29.0% any 

ipsilateral intervention.
7
  From this data it is clear that for many patients in our cohort, their 

bypass was a second or third line attempt at limb salvage.  This is not the same for the SVS OPG 

and VSGNE cohorts.  In previous literature, it has been shown that redo LEB and LEB following 

PVI have high rates of graft failure and amputation
16-18

, no doubt explaining some of inferior 

outcomes seen in our cohort.   

This study was limited by its small number of 89 patients undergoing LEB for CLI.  A 

larger cohort would have more power to demonstrate the non-generalizability of the SVS OPG.  

Many of our 30-day outcomes showed a trend towards difference between the non-OPG and 

OPG groups, but the study appeared to be underpowered to detect this difference.  Future 

directions for research would be to investigate larger modern cohorts of patients undergoing LEB 

for CLI.  However, despite these limitations, this study does provide an interesting delineation of 

the patients undergoing LEB at a major tertiary care center in the endovascular era.  These 
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patients are more likely to have ESRD, more likely to have prosthetic conduit, and more likely to 

have had a previous LEB.  Their outcomes (in particular 1 year efficacy outcomes) will also 

likely be worse than those predicted by the SVS OPG.   

In conclusion, this study demonstrates that in high risk patients (those with ESRD, lack of 

conduit, or repeat bypass), the SVS OPG are not obtainable.  This failure to meet these 

guidelines should be confirmed in a larger cohort of patients.  Overall, it is clear that while the 

SVS OPG provide an excellent outcomes metric for selected patients, further development of 

separate OPG for the ESRD and prosthetic conduit patients is necessary.   



Saraidaridis et al. 19 

 

Table I: Demographics (Non-OPG versus OPG) 

Demographic Non-OPG (N=46) OPG (N=43) P value 

Age 69.7 years 67.4 years 0.37 

Female 21.7% 30.2% 0.36 

White race  91.3% 97.7% 0.19 

Current smoking 34.8% 25.6% 0.35 

Any Smoking 92.7% 84.2% 0.24 

Hypertension 89.1% 90.7% 0.81 

Diabetes 52.2% 628% 0.31 

Coronary Artery 

Disease 

32.6% 18.% 0.13 

Congestive Heart 

Failure 

23.9% 20.9% 0.74 

Chronic Obstructive 

Pulmonary Disorder 

23.9% 11.6% 0.13 

Previous ipsilateral 

bypass 

39.1% 27.9% 0.26 

Previous ipsilateral PVI 30.4% 55.8% 0.02 

Any previous ipsilateral 

intervention 

60.9% 69.8% 0.38 

Indication for tissue loss 71.7% 65.1% 0.50 

Infrapopliteal Target 43.5% 55.8% 0.25 

Age>80  21.7% 20.9% 0.93 

Postop ASA 89.1% 81.4% 0.30 
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Table II: 30 day Safety and 1-year Efficacy Outcomes Stratified by Non-OPG and OPG 

Groups 

 Non-OPG (N=46) OPG (N=43)  P value SVS OPG 

30 day events: 

--MACE 13.0% 9.3% 0.58 <8% 

--MALE 13.0% 7.0% 0.34 <8% 

--amputation 10.9% 4.7% 0.28 <3% 

--death 8.7% 4.7% 0.45  

1 year events 

--survival 71.2% (54.8-82.6%) 90% (76.1-96.2%) 0.21 >80% 

--limb salvage 58.8% (39.7%-73.6%) 84% (67.7-92.5%) 0.027 >84% 
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Table III: 30 day Safety Outcomes Stratified by OPG high risk and OPG low risk groups 

 

 High Risk (N=26) Low Risk (N=17) P value SVS OPG 

30 day events: 

--MACE 11.6% 5.9% 0.53 <8% 

--MALE 7.7% 5.9% 0.82 <8% 

--amputation 3.8% 5.9% 0.76 <3% 

--death 7.7% 0% 0.24  

1 year events 

--survival 83.9% (SE 7.4%) 100%  0.02 >80% 

--limb salvage 81.5% (SE 8.4%) 87.4% (SE 8.4%) 0.65 >84% 
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Figure 1: Kaplan Meier Survival stratified by Non-OPG versus OPG groups 
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Figure 2: Freedom from Amputation stratified by Non-OPG versus OPG groups
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ABSTRACT 

 

Objective:  In 2009, the  Society for Vascular Surgery established objective performance goals (OPG) for 

lower extremity bypass (LEB) in patients with critical limb ischemia (CLI) based on pooled data from 

previously performed, prospective studies in an effort to provide a benchmark and historical control for 

future trials.  However, patients with prosthetic conduit and end stage renal disease (ESRD) were 

excluded from this cohort.  In contemporary practice, many patients do not meet the criteria for SVS 

OPG inclusion, making generalization of the SVS OPG difficult.  The goal of this study was to establish 

safety and efficacy measures for patients who were excluded from the original SVS OPG analysis.   

 

Methods:  All patients who underwent LEB for CLI in the Vascular Study Group of New England (VSGNE) 

from 2003-2013 were identified.  Patients were stratified into OPG eligible and non-OPG cohorts.  

Outcomes included 30-day Major Adverse Limb Event (MALE), 30-day Major Adverse Cardiovascular 

Event (MACE), 1-year survival, and 1-year freedom from amputation.  Using the SVS OPG methodology, 

new performance goals were created for the non-OPG eligible patients.  

 

Results:  3609 patients were identified: 2360 (65%) OPG versus 1249 (35%) non-OPG and overall results 

were stratified as a function of OPG status.  The 30-day MALE was 5.0% (5.5% non-OPG versus 4.4% 

OPG; p=0.34), and the 30-day MACE was 7.3% (9.2% non-OPG versus 6.2% OPG; p=0.001).  1-year 

survival was 84% (75.9% non-OPG versus 88.3% OPG; p<.001). 1-year freedom from amputation was 

86.9% (80.9% non-OPG versus 90.1% OPG; p<.001).   
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Conclusions: The SVS OPG were attainable in New England for the population of patients who would 

have met SVS OPG study cohort inclusion criteria.  However, 35% of the patients who underwent LEB for 

CLI in the last ten years fell outside of these criteria by having either ESRD or requiring a prosthetic 

conduit.  Therefore, we suggest new benchmarks for these high risk populations.   
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INTRODUCTION 

It is estimated that 3-10% of the United States population over age 40 has peripheral artery 

disease,
1, 2

 and approximately 0.2-0.4% per year will develop critical limb ischemia.
3
  Over the last ten 

years, the treatment paradigm for CLI has transitioned from open surgical lower extremity bypass (LEB) 

to an endovascular first approach in many patients.  However, there are few randomized clinical trials 

that directly compare endovascular therapy to traditional LEB.
4
  Therefore, in an effort to provide a 

benchmark and historical control for future studies evaluating lower extremity revascularization, the 

Society for Vascular Surgery (SVS) developed the lower extremity bypass Objective Performance Goals 

(OPGs) in 2009. (Table I).
5
   The SVS OPG were created by pooling the data from the open surgical bypass 

arms of three randomized controlled trials evaluating a variety of therapies for CLI including: the Project 

of Ex Vivo vein graft Engineering Via Transfection III (PREVENT III) trial 
6
, the Circulase II trial 

7
, and the 

Bypass Versus Angioplasty in Severe Ischemia of the Leg (BASIL) trial.
4
  Using non-inferiority principles, 

the outcomes from this pooled data set were used to develop the SVS OPG.  However, in an effort to 

more closely mirror the population of patients who would be included in future trials evaluating 

endovascular therapy, the cohort used to derive the SVS OPG excluded all patients who required 

prosthetic conduit or who had End Stage Renal Disease (ESRD).   

 While the SVS OPG were initially designed to provide an outcomes benchmark against which 

one could compare the efficacy of future therapies for CLI, it has been suggested that they could also be 

used as a metric for surgical quality of care.  However, it is unlikely that the SVS OPG guidelines alone 

will be able to provide a comprehensive LEB outcomes metric for the CLI population as a large number 

of patients were barred from the initial SVS OPG cohort.   With this in mind, the aims of this study were 

threefold.  First, to describe the outcomes of infra-inguinal bypass for CLI in the population of patients 

who were excluded from the SVS OPG analysis.  Second, to compare safety and efficacy outcomes 
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between patients who were SVS OPG eligible and those who were not SVS OPG eligible.  Third, to 

develop new outcomes guidelines for the excluded non-OPG eligible patients commensurate with real 

world experience.   

 

 

METHODS 

 

Study Population: This was a retrospective analysis of all patients who underwent LEB in hospitals 

participating in the Vascular Study Group of New England (VSGNE) from 2003-2013. The VSGNE 

maintains a prospective registry of all patients undergoing a variety of vascular procedures across New 

England.  The group currently consists of a consortium of 30 hospitals (both community and academic 

centers) which covers a large cachement area including most large hospitals in New England.  Further 

details regarding the VSGNE and the involved hospitals can be found on http://www.vsgne.org.   

Application was made to the VSGNE for their compiled data and permission was granted from the 

research advisory council to perform this analysis; consent was waived.  Institutional Review Board (IRB) 

approval was not required for this study as the VSGNE is an AHRQ certified patient safety organization 

wherein de-identified patient data can be used from the registry for appropriate quality improvement 

and academic projects. 

 

Creation of the OPG/non-OPG cohorts: 3609 patients were identified who underwent LEB for CLI in the 

VSGNE database from 2003 to 2013.  Patients were stratified into OPG and non-OPG cohorts.  The non-

OPG group included all patients with ESRD or any type of prosthetic conduit.  ESRD was defined as 
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requiring hemodialysis or possessing a functioning renal transplant.   All other patients were considered 

part of the OPG cohort. 

 

Study Endpoints: Outcome measures were as defined by the SVS OPG working group and included both 

safety measures (30 day) and efficacy measures (1 year).  The safety measures were 30-day MALE, 

which included any major amputation or major re-intervention including thrombectomy or bypass 

revision, and 30-day MACE, which included myocardial infarction (MI), stroke, or death.  Also included 

were the 30-day limb loss and the 30-day mortality.  Efficacy measures included 1-year survival and 1-

year freedom from amputation.  Long-term follow-up was based on office visits recorded in the 

database and survival was provided via periodic updates with the social security death index.  Mean 

long-term follow-up by return to clinic was 305 days.  Mean long-term follow-up for survival calculations 

using the social security death index was 963 days.   

 

Statistical Analysis: Statistical Analysis was performed using Microsoft Excel (Redmond, Washington) 

ĂŶĚ “ƚĂƚĂ ;CŽůůĞŐĞ “ƚĂƚŝŽŶ͕ TĞǆĂƐͿ͘  UŶŝǀĂƌŝĂƚĞ ĂŶĂůǇƐŝƐ ǁĂƐ ƉĞƌĨŽƌŵĞĚ ƵƐŝŶŐ ƚŚĞ ƐƚƵĚĞŶƚ͛Ɛ ƚ ƚĞƐƚ ĂŶĚ 

Pearson chi square test.  Multivariate analysis was performed using a backwards selection logistic 

regression model.  Kaplan Meier survival analysis was performed to assess difference in one year 

outcomes using the log rank test.  A Cox proportional hazards model was used assess multivariate 

predictors of long term survival and limb salvage.  Statistical significance was defined at a P <.05.    

 

New Objective Performance Goals: New Objective Performance Goals were created for the non-OPG 

group, the ESRD group, and the prosthetic group using the same standards as the SVS OPG working 
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group in 2009.  For the 30-day safety outcomes (MALE, MACE, post-operative death, and amputation) 

the upper bound of the 95% confidence interval for each measure was used.  For the 1-year efficacy 

measures of survival and limb salvage, a benchmark of 3% below the lower limit of the 95% confidence 

interval was used.   

 

RESULTS 

Patient Cohort: There were 3609 patients who underwent LEB for CLI during the study period.  

There were 296 (8.2%) who required hemodialysis and 47 (1.3%) patients status post renal transplant 

for a total of 343 (9.4%) patients with ESRD.  The prosthetic conduit cohort included 998 (27.7%) 

patients.  When combined, the total non-OPG cohort consisted of 1249 (34.6%) patients with all other 

patients in the OPG cohort, 2360 (65.4%).  

Non-OPG Group versus OPG Group: While in many aspects the OPG and non-OPG groups were 

similar, overall the non-OPG group showed an increased frequency of co-morbid conditions and an 

increased severity of illness.   The non-OPG group had an increased incidence of hypertension (91.4% 

non-OPG versus 87.0% OPG; p<.001), coronary artery disease (CAD: defined as a history of prior 

myocardial infarction, current stable angina, or current unstable angina) (44.8% non-OPG versus 33.2% 

OPG, p<.001), insulin requiring diabetes mellitus (38.7% non-OPG versus 29.3% OPG; p<.001), 

congestive heart failure (CHF: defined as at least one prior episode of congestive heart failure) (25.9% 

non-OPG versus 17.5% OPG; <.001), and were less likely to be current smokers (33.9% non-OPG vs. 

37.6% OPG, p=.03).  The non-OPG group was also more likely to have had a prior ipsilateral bypass 

(17.6% non-OPG versus 10.2% OPG; p<.001) indicating long-standing peripheral arterial disease.   

However, their level of distal target was more likely to be an above the knee popliteal artery (35.3% 

non-OPG versus 9.9% OPG; p<.001) than their OPG counterparts.  Except for distal target and smoking 
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status, the non-OPG group demonstrated a worse risk factor profile than their OPG eligible 

counterparts.  (Table II).  

30-day MALE: In 30-day MALE there was no difference between OPG and non-OPG groups (5.5% 

non-OPG versus 4.8% OPG; p=.34).  However, the 30-day amputation rate was higher for the non-OPG 

group (2.6% non-OPG versus 0.9% OPG; p<.001). (Table III). Using univariate and multivariate analysis, it 

is clear that certain demographic factors were predictive of a poor 30-day MALE outcome.  Univariate 

analysis of 30-day MALE showed that a history of a previous ipsilateral bypass and an infra-popliteal 

target were associated with an increased incidence of MALE at 30 days (Table IV).  Female sex and 

previous ipsilateral PVI were borderline significant as well.  Using a multivariate model, female sex (OR 

1.46; p=.02), an infra-popliteal target (OR=2.75; p<.001), and a history of a previous ipsilateral bypass 

(OR 1.65; p=.01) were predictive of worse outcomes.  (Table V)   

30-day MACE: The 30-day MACE in the non-OPG cohort was significantly worse than the OPG 

group (9.2% non-OPG versus 6.2% OPG; p=.001) as was the 30 day post-operative death (5.2% non-OPG 

versus 2.0% OPG; p=.002).  (Table III).  Univariate analysis of risk factors for 30-day MACE showed that 

an age greater than 80 years, diabetes, hypertension, CAD, ESRD, clinical high risk, and an infra-popliteal 

target were associated with an increased likelihood of a major adverse cardiovascular event at 30 days.  

Prosthetic conduit was borderline significant as well.  Interestingly, a history of current smoking was 

protective.  (Table IV).   Multivariate analysis of 30-day MACE showed that ESRD (OR 1.70; p=.004), CAD 

(OR 2.17; p<.001), diabetes (1.42; p=.02), and an infra-popliteal target (OR=1.35; 0.03) were predictive 

of worse outcomes.  (Table V).  Given the preponderance of negative risk factors for 30 day MACE 

(including ESRD, CAD, and diabetes) in the non-OPG group, it is no surprise that their 30 day MACE was 

significantly worse than the OPG group. 
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1-year Efficacy Measures: In 1-year efficacy endpoints, the non-OPG group again fared worse 

than the OPG group.  One-year survival was significantly lower in the non-OPG group (75.9% non-OPG 

versus 88.3% OPG; p<.001).  (Figure 1).  This was also true for the 1-year freedom from amputation 

(80.9% non-OPG versus 90.1% OPG; p<.001).  (Figure 2).  Cox Proportional Hazards analysis was 

performed on the long-term efficacy outcomes of death and amputation.  Controlling for age, sex, race, 

and other risk factors, ESRD had a hazard ratio of 3.41 for death and 2.94 for amputation.  Prosthetic 

conduit had a hazard ratio of 1.26 for death and 2.15 for amputation.  (Table VI).  It is clear that the two 

risk factors that divide the OPG and non-OPG groups carry an increased risk of adverse outcomes in 1-

year efficacy measures.  

ESRD:  Patients with ESRD performed particularly poorly in all 30-day safety and 1-year efficacy 

measures except 30-day MALE.  There were 343 patients with ESRD and 3266 with renal function that 

did not require hemodialysis or renal transplant.  Patients with ESRD had an increased incidence of 30-

day MACE (12.5% ESRD versus 6.7% normal renal function; p<.001) and an increased incidence of post-

operative death (7.6% ESRD versus 2.6% normal renal function, p<.001).  There was no difference in 30-

day MALE between patients with ESRD and those without (5.2% ESRD versus 5.0% normal renal 

function, p=.86).   However, patients with ESRD did have a higher incidence of amputation at 30 days 

(3.2% ESRD versus 1.3% normal renal function; p=.005).   The ESRD group did worse in both measures of 

1- year efficacy: survival (61.0% ESRD versus 86.4% normal renal function, p<0.001) (Figure 3) and limb 

salvage (68.1% versus 88.5%, p<.001).  (Figure 4).  Overall, patients with ESRD did markedly worse than 

those with normal renal function in all outcomes except 30-day MALE.  (Table VII).   

Prosthetic conduit: For those with prosthetic conduit both of the composite safety measures of 

30-day MACE and 30-day MALE were similar to those with autogenous conduit.  However, those with 

prosthetic conduit did have an increased incidence of amputation at 30 days (2.3% prosthetic versus 
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1.2% autogenous; p=.01) and post-operative death (4.7% prosthetic versus 2.5% autogenous; p=.001).  

In addition, the prosthetic group did significantly worse than those with autogenous conduit in 1-year 

efficacy outcomes: survival (79.3% prosthetic versus 85.8% autogenous; p<.001) and limb salvage (81.9% 

prosthetic versus 88.6% autogenous; p<.001).   (Table VIII).  These differences occurred despite the 

prosthetic group having a higher likelihood of an above the knee target than those with autogenous 

conduit (43% prosthetic versus 9% autogenous; p<.001) and much less likely to have a pedal distal target 

(4% prosthetic versus 16% autogenous; p<.001).   

ESRD and Prosthetic Conduit: Patients with both ESRD and prosthetic conduit did particularly 

poorly in regards to 1 year efficacy measures.  There were 95 patients who had both ESRD and 

prosthetic conduit and 248 patients with ESRD and autogenous venous conduit.  Comparing ESRD 

patients with and without prosthetic conduit did not show significant differences in 30 day safety 

measures.  Examination of this group at 1 year showed a 1-year survival of 57.6% (SE 5.4) and a 1-year 

limb salvage of 58.0% (SE 8.3).  There was no significant difference between the groups (prosthetic 

versus autogenous conduit) although there was a trend towards statistical significance for limb salvage 

favoring autogenous conduit (p=.09).   

New Benchmarks: Overall, the non-OPG patients only met one SVS OPG benchmark: 30-day 

MALE at 5.5% (SVS OPG <8%).  For 30 day-MACE the non-OPG group measured 9.2% (SVS OPG 

benchmark <8%).  The 1-year survival in the non-OPG cohort was 75.9% (SVS OPG benchmark >80%), 

and, finally, in one year freedom from amputation the non-OPG group was 80.9% (SVS OPG benchmark 

>84%).  It is clear that more realistic outcomes benchmarks need to be established for this high risk 

patient population.  Based on the data contained herein, new benchmarks for the non-OPG group are as 

follows.  For the entire non-OPG group: a 30-day MALE of <8%, a 30-day MACE of <11%, a 30-day 

amputation of <4%, a 1-year survival >70%, and a 1-year limb salvage >73%.  For the ESRD cohort: a 30-
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day MALE <8%, a 30-day MACE  <16%, a 30-day amputation <6%, a 1-year survival  >52%, and a 1-year 

limb salvage >56%.  Finally, for the prosthetic group: the suggested 30-day safety benchmarks are a 30-

day MALE of <8%, a 30-day MACE <11%, and a 30-day amputation <4%, a 1-year survival >73%, and a 1-

year limb salvage >75%.  (Table IX). 

 

DISCUSSION 

Since the passage of the Affordable Care Act in 2010 and the subsequent creation of 

Accountable Care Organizations, there has been an increasing need for appropriate metrics to assess 

surgical outcomes.  While the SVS OPG were initially created as a historical control for industry 

sponsored trials, they have since been considered a lower extremity revascularization outcomes metric.  

This idea was supported in 2011, when Goodney et al. validated the SVS OPG in 1039 patients from the 

Vascular Study Group of New England (VSGNE) database spanning the years 2003 to 2009.
8
  They 

ĐŽŶĐůƵĚĞĚ ƚŚĂƚ ƚŚĞ “V“ OPG ǁĞƌĞ ĂƚƚĂŝŶĂďůĞ ŝŶ ͞ĞǀĞƌǇĚĂǇ ƉƌĂĐƚŝĐĞ͘͟  AĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ ŽƌŝŐŝŶĂl SVS OPG 

methodology, Goodney et al. excluded all patients with prosthetic conduit (n=564, 32% of total) and 

E“RD ;Ŷсϭϴϭ͕ ϭϬй ƚŽƚĂůͿ͘  OǀĞƌĂůů͕ ƚŚĞ V“GNE ĐŽŚŽƌƚ͛Ɛ ŽƵƚĐŽŵĞƐ ĞĐŚŽĞĚ ƚŚĞ “V“ ůĞĂĚŝŶŐ ƚŽ ƚŚĞ 

conclusion that the SVS OPG were attainable in everyday vascular surgery practice.  However, as with 

ƚŚĞ “V“ OPG ĐŽŚŽƌƚ͕ Ă ůĂƌŐĞ ƉĞƌĐĞŶƚĂŐĞ ŽĨ ͞ĞǀĞƌǇĚĂǇ͟ ǀĂƐĐƵůĂƌ ƐƵƌŐĞƌǇ ƉĂƚŝĞŶƚƐ ;ƚŚŽƐĞ ǁŝƚŚ E“RD ĂŶĚ 

prosthetic conduit) were excluded from the analysis, which makes application of such results to the 

general population difficult.  Indeed, in the current study, patients who met OPG criteria showed 

outcomes within the SVS OPG standards while those who did not meet OPG criteria fell below the 

standards for 30-day MACE and both 1-year efficacy outcomes.  Short of excluding these patients from 

follow-up, it would be difficult to risk adjust such patients to the mean. 
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In an effort to control for higher risk patients in the initial 2009 study, the SVS OPG working 

group stratified the SVS OPG patient cohort into high and low risk populations. The high risk groups 

were created based on model-based criteria that were shown to provide an increased likelihood of 

adverse outcomes and included age>80 years, procedure performed for tissue loss, an infra-popliteal 

target, and the use of venous conduit other than a single segment of Great Saphenous Vein.   For these 

high risk patients they provided alternative OPG that were more appropriate for their surgical outcomes.  

The SVS OPG group did not, however, address the non-OPG eligible patients.  While other groups have 

validated the SVS OPG in large population cohorts,
8
 they also excluded these high risk populations.   

Using the VSGNE database of LEB, the current study demonstrates that the non-OPG group is a 

significant portion of the population of patients undergoing LEB in New England; 34.6% of the total 

cohort over ten years.  We have also demonstrated that these OPG ineligible patients fail to meet the 

SVS OPG benchmarks.  Therefore, if the SVS OPG are to be used as a performance metric then patients 

with ESRD and prosthetic bypass will need to be excluded from that analysis with their respective 

outcomes judged by a different and more reasonable standard.   

According to previously published estimates and our own point estimate of 9.3%, approximately 

8-12% of patients presenting with CLI will have ESRD.
9
  The prevalence of ESRD in the United States and 

the proportion of CLI patients with ESRD show no signs of decreasing given the aging population.
10

  

While the ESRD cohort does not represent the majority of patients with CLI, it is a sizable population of 

patients who routinely require lower extremity revascularization.  Also, ESRD does not just have a 

detrimental effect upon open LEB outcomes.  Patients with ESRD who undergo endovascular 

interventions for CLI have similar decreased outcomes in comparison to their counterparts with normal 

renal function.
11

  Indeed, it is clear that there is a need for separate performance benchmarks for lower 

extremity revascularization of ESRD patients with CLI.   
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ESRD appears to be the driver of poor outcomes for the non-OPG group.  Over the past thirty 

years, in multiple single center and large cohort studies, patients with ESRD have significantly worse 

outcomes after lower extremity revascularization than their counterparts with normal renal function.
12-

15
  There have been several proposed mechanisms for these poor outcomes including: increased 

prevalence of co-morbid conditions, malnutrition, increased baseline inflammation, and frequent 

relative hypotension during hemodialysis.  Regardless, of the underlying mechanism, the results of LEB 

in patients with ESRD should be considered separately from patients with normal renal function or 

stages 1-4 CKD.  When 30 day outcomes are considered individually there has not been a robust 

difference in MALE attributable to ESRD
12, 16

.  However, 30-day survival is regularly poor in ESRD patients 

undergoing LEB.    Albers et al. performed a meta-analysis of over 28 articles and showed a 30-day peri-

operative death rate in patients with ESRD undergoing LEB (all indications) of 4.8%. 
17

  In addition, when 

larger, population-based data were reviewed, the 30 day mortality for LEB in ESRD patients was even 

higher.   In the United States Renal Data System data, 30-day post-operative death was 12.6% in HD 

patients after LEB (all indications), 
18

 and data from the 2004-2008 NSQIP reported a 30 day mortality of 

10.8% for ESRD after LEB. 
19

  The results of the current series are comparable to these studies with a 

post-operative mortality of 7.6% for patients with ESRD versus 2.6% for all others (p<.0001).  In the 

current series, patients with ESRD had a MACE of 12.5% versus 6.7% in those without ESRD (p=.0001).  

Given the high mortality seen in this population nationwide, the proposed new guidelines of a MACE 

фϭϲй ĨŽƌ ƉĂƚŝĞŶƚƐ ǁŝƚŚ E“RD ŝƐ ŵŽƌĞ ĂƚƚĂŝŶĂďůĞ ŝŶ ƉƌĂĐƚŝĐĞ ĂŶĚ ǁŽƵůĚ ŶŽƚ ͞ƉƵŶŝƐŚ͟ ƐƵƌŐĞŽŶƐ ĨŽƌ 

attempting limb salvage in patients with ESRD.   

The 1-year efficacy results of LEB for CLI in patients with ESRD were also below SVS OPG 

standards and inferior to the cohort of patients not on hemodialysis or status post renal transplant.  The 

1-year survival of 61% in patients with ESRD and limb salvage of 68% are clearly below the SVS OPG 

recommendation of >80% and >84% respectively.  However, these results are similar to previously 
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published data.  In the Albers et al. meta-analysis of ESRD in LEB (all indications) the 1-year survival was 

71.6% and 1-year limb salvage was 78.6% which are again below OPG recommendations.
17

  In addition, 

Ramdev et al. reported a 1-year survival of 60% and limb salvage of 80% in a single center series of LEB 

for CLI in patients with ESRD.
20

  Owens et al. showed that the long-term outcomes are no better with a 

5-year survival of 9% and a 5 year limb salvage of 50% in patients with CKD 5. 
16

  Since the current series 

is commensurate with the literature, it is clear that the 1-year SVS OPG goals are not attainable in the 

ESRD population and the new recommended goals of survival >52% and limb salvage of >56% are more 

ĂƉƉƌŽƉƌŝĂƚĞ ĨŽƌ ƚŚŝƐ ŚŝŐŚ ƌŝƐŬ ƉŽƉƵůĂƚŝŽŶ͘   WŚŝůĞ ƚŚĞƐĞ ϭ ǇĞĂƌ ƐƵƌǀŝǀĂů ͞ŐŽĂůƐ͟ ĨŽƌ ƉĂƚŝĞŶƚƐ ǁŝƚŚ E“RD ĂƌĞ 

quite low, they are in line with accepted survival of patients with this particular co-morbidity.  As long as 

surgeons continue to revascularize patients with ESRD, appropriate metrics for this population are 

necessary both for assessing surgeon outcomes and also for providing realistic expectations for patients 

in this sub-group.   

The early series of LEB for CLI showed that the use of prosthetic conduit is associated with 

inferior patency; especially when using an infra-geniculate distal target.
21

  In contemporary practice, this 

has been born out in numerous case series and large meta-analyses.
22-25

  Klinkert et al. performed a 

systemic review of 25 studies investigating LEB to an above the knee target and demonstrated a 

significantly lower 2-year patency rate for PTFE (67%) when compared to those patients with saphenous 

vein (81%). 
26

  Similar results were seen with a below the knee popliteal target where the 1-year primary 

patency was 59% and the limb salvage rate was 77.7% for those with prosthetic conduit.
27

  In this 

current study, the peri-operative mortality of those with prosthetic conduit was nearly twice that of vein 

(4.7% versus 2.5%; p<.001).  One-year survival (85.8% versus 79.27%, p<.0001) and 1 year limb salvage 

(88.6% versus 81.9%, p<.0001) were also significantly worse in the prosthetic group despite a 

significantly higher percentage of above knee popliteal targets when compared to the autogenous vein 

cohort.  Although the differences in outcome are not as dramatic as those for ESRD the proposed 
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benchmarks of >73% for 1-year survival and >75% 1-year limb salvage are reasonable for this high risk 

group. 

One issue that complicates the current prosthetic data and suggested benchmarks for prosthetic 

bypass is that the patients who received prosthetic conduit had a much higher proportion of above the 

knee distal targets than those with venous conduit.  This may be secondary to a general belief that the 

patency rates of any bypass conduit to an above-knee target are acceptable and therefore the use of a 

prosthetic conduit is not prohibitive even when acceptable vein is available.
26

  As shown in previous 

work, prosthetic conduit to an above the knee target has primary patency and limb salvage rates close 

to those of saphenous vein conduit with perceived lesser morbidity secondary to smaller incisions and 

less tissue trauma.  On the other hand, prosthetic conduit to an infra-popliteal target has significantly 

worse outcomes both in regards to primary patency and limb salvage when compared to autogenous 

conduit.
21, 28

  The current study confirms that patients with prosthetic conduit have slightly worse 

outcomes than their non-prosthetic counterparts for post-operative death, 30 day amputation, 1 year 

survival, and 1 year limb salvage.  However, the strength of this association is likely diluted by the high 

incidence of more proximal targets.   

One of the weaknesses of this study is the derivation of objective performance goals from the 

VSGNE dataset.  The VSGNE is a self-reported and non-independently adjudicated dataset making it less 

reliable than the data used to develop the initial SVS OPG, which was obtained from pooled data from 

three randomized controlled trials.  However, the overarching goal of this work was to provide more 

ƌĞĂůŝƐƚŝĐ ŽƵƚĐŽŵĞƐ ŵĞƚƌŝĐƐ ĨŽƌ ƚŚĞ ůŽǁĞƌ ĞǆƚƌĞŵŝƚǇ ďǇƉĂƐƐ ƉŽƉƵůĂƚŝŽŶ͕ ƚŚĞƌĞĨŽƌĞ ƚŚĞ ƵƐĞ ŽĨ ƚŚŝƐ ͞ƌĞĂů-

ǁŽƌůĚ͟ ĚĂƚĂƐĞt for this task is appropriate.  In conclusion, nearly 35% of patients in this large multi-

center prospectively maintained cohort of contemporary LEB for CLI would have been excluded from the 

“V“ OPG͘  TŚŝƐ ĐŽŚŽƌƚ͛Ɛ ŵĞĂƐƵƌĞĚ ŽƵƚĐŽŵĞƐ ŽĨ ϯϬ-day MACE, 1-year survival, and 1-year freedom from 
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amputation were considerably worse than their OPG eligible counterparts.  Given this high proportion of 

non-OPG patients in a regional population, it would be difficult to encourage the application of the SVS 

OPG to standard practices across the United States.  Rather, patients should be stratified into three 

groups for the purpose of outcomes analysis: those that meet SVS OPG criteria, those with ESRD, and 

those with prosthetic conduit.  The SVS OPG have already provided risk stratified OPG for high and low 

risk patients that meet the SVS OPG criteria.  Our benchmarks established herein for the ESRD and 

prosthetic conduit populations coupled with the original SVS OPG guidelines provide a reasonable 

method of assessing quality of care without encouraging surgeons to deny limb salvage bypass to high 

risk populations for fear of failure to meet unattainable metrics.  These data should be validated in a 

larger population to ensure generalizability, but represent a good starting point for defining reasonable 

outcome expectations for LEB for CLI in patients with ESRD and prosthetic conduit.  
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Table I: Society for Vascular Surgery Objective Performance Goals 

 

Outcome Safety and Efficacy OPG 

Major Adverse Cardiovascular Event (30 days) <8% 

Major Adverse Limb Event (30 days) <8% 

Amputation (30 days) <3% 

Survival (1 year) >80% 

Limb Salvage >84% 
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Table II: Demographics between Non-OPG and OPG groups 

Demographic Non-OPG (N=1249) OPG (N=2360) P-value 

Age 69.2 years 68.8 years 0.34 

Female Sex 502 (40.2%) 788 (33.4%) <0.001 

Non-white 99 (7.9%) 159 (6.4%) 0.19 

Any Smoking 1030 (82.5%) 1915 (81.0%) 0.33 

Current Smoking 423 (33.9%) 887 (37.6%) 0.03 

Hypertension 1142 (91.4%) 2054 (87.0%) <.001 

Diabetes 771 (61.7%) 1328 (56.3%) 0.002 

Insulin Requiring Diabetes 483 (38.7%) 691 (29.3%) <.001 

Coronary Artery Disease 560 (44.8%) 783 (33.2%) <.001 

History of Coronary Artery 

Bypass Graft Surgery 

73 (5.8%) 68 (2.9%) <.001 

Congestive Heart Failure 323 (25.9%) 414 (17.5%) <.001 

Chronic Obstructive 

Pulmonary Disease 

372 (29.8%) 593 (25.1%) 0.003 

History of previous ipsilateral 

bypass 

220 (17.6%) 240 (10.2%) <.001 

History of  previous ipsilateral 

Peripheral Vascular 

Intervention(PVI) 

171 (13.7%) 358 (15.2%) 0.23 

History of  previous Carotid 

Endarterectomy/Carotid 

Artery Stenting 

147 (11.8%) 209 (8.9%) 0.005 

History previous major 

amputation 

86 (6.9%) 104 (4.4%) 0.002 

Preoperative Aspirin 930 (74.5%) 1779 (75.4%) 0.54 

Preoperative Statin 865 (69.3%) 1601 (67.8%) 0.38 

Above the knee popliteal 

distal target 

441 (35.3%) 233 (9.9%) <.001 

Below the knee popliteal 323 (25.9%) 768 (32.5%) <.001 
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distal target 

Tibial distal target  328 (26.3%) 991 (42.0%) <.001 

Pedal distal target 117 (9.4%) 349 (14.8%) <.001 

Prosthetic Conduit 1001 (80.1%) ---   --- 

End Stage Renal Disease 343 (27.5%)   --- --- 
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Table III: Safety and Efficacy Outcomes for Non-OPG vs. OPG group 

Outcome Measures Non-OPG group 

(N=1249) 

OPG group 

(N=2360) 

P-value SVS OPG 

Safety outcomes at 30 days 

       MALE 69 (5.5%) 113 (4.8%) 0.34 <8% 

       MACE 115 (9.2%) 147 (6.2%) 0.001 <8% 

         myocardial 

infarction 

67 (5.4%) 110 (4.7%) 0.35  

        death 65 (5.2%) 46 (2.0%) <.001  

     Amputation 32 (2.6%) 21 (0.9%) <.001 <3% 

Efficacy outcomes at 1 year  

       Survival 75.9% (SE  1.3) 88.3% (SE .7) <.001 >80% 

       Freedom from 

Amputation 

80.9% (SE 1.6) 90.1% (SE .8) <.001 >84% 
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Table IV: Univariate Analysis of Risk Factors (total cohort).  (+)MACE30 are patients who did have a 

MACE at 30 days. 

Risk Factor +MALE30 -MALE30 P-value +MACE30 -MACE30 P-value 

Female 42.3% 35.4% 0.06 38.5% 35.6% 0.34 

Age>80 17.0% 18.4% 0.64 31.3% 17.3% <.001 

White race 91.2% 92.9% 0.38 95% 92.7% 0.15 

Current smoking 31.3% 36.6% 0.15 18.7% 37.7% <.001 

Coronary 

Artery 

Disease 

38.5% 37.1% 0.72 58.8% 35.5% <.001 

Hypertension 86.8% 88.6% 0.45 92.7% 88.2% 0.03 

Diabetes 56.0% 58.3% 0.55 69.5% 57.3% <.001 

Prosthetic 30.2% 27.6% 0.44 32.4% 27.3% 0.08 

End Stage 

Renal 

Disease 

9.9% 9.5% 0.86 16.4% 8.9% <.001 

Ipsilateral bypass 21.4% 12.3% <.001 13.0% 12.7% 0.91 

Ipsilateral  

Peripheral 

Vascular 

Intervention 

19.2% 14.4% 0.07 13.4% 14.8% 0.54 

Clincial high risk 15.9% 16.4% 0.87 25.6% 13.4% <.001 

Infra-popliteal 

target 

69.2% 47.6% <.001 56.5% 48.1% 0.009 
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Table V: Multivariate Logistic Regression Analysis of Risk Factors for Safety Outcomes 

MALE30: 

Risk Factor 

OR P-value MACE30: Risk 

Factor 

OR P-value 

Age 0.98 0.01 Age 1.03 <.001 

Female 1.46 0.02 Female 1.21 0.17 

Non-White  0.96 0.87 Non-white  1.57 0.13 

End Stage 

Renal Disease 

0.98 0.94 End Stage 

Renal Disease 

1.70 0.004 

Smoking 0.77 0.16 Smoking 0.64 0.01 

Diabetes 0.80 0.16 Diabetes 1.42 0.02 

Ipsilateral 

bypass 

1.65 0.01 Prosthetic 1.28 0.10 

Infra-popliteal 

Target 

2.75 <.001 Infra-popliteal 

target 

1.35 0.03 

   Coronary 

Artery Disease 

2.17 <.001 
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Table VI: Cox Proportional Hazards Analysis of 1-year Efficacy Outcomes  

Survival:      

Risk Factor         

HR P-value Amputation: 

Risk Factor 

HR P-value 

Age 1.05 <.001 Age 0.99 0.10 

Female 0.87 0.02 Female 1.08 0.54 

Non-white  1.72 0.002 Non-white  1.13 0.57 

End Stage 

Renal Disease 

3.41 <.001 End Stage 

Renal Disease 

2.94 <.001 

Diabetes 1.26 <.001 Diabetes 1.16 0.28 

Prosthetic 1.26 <.001 Prosthetic 2.15 <.001 

Smoking 1.20 0.01 Infra-popliteal 

target 

2.17 <.001 

Coronary 

Artery Disease 

1.40 <.001 Previous 

Ipsilateral 

Bypass 

1.54 0.004 

   Previous 

Peripheral 

Vascular 

Intervention 

1.69 <.001 
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Table VII: Safety and Efficacy Outcomes for ESRD versus Normal renal function patients 

Outcome Measures ESRD group 

(N=343) 

Normal Renal 

(N=3266) 

P-value SVS OPG 

Safety outcomes at 30 days 

       MALE 18 (5.2%) 164 (5.0%) 0.86 <8% 

       MACE 43 (12.5%) 219 (6.7%) <.001 <8% 

        myocardial 

infarction 

21 (6.1%) 156 (4.8%) 0.27  

        death 26 (7.6%) 85 (2.6%) <.001  

     Amputation 11 (3.2%) 42 (1.3%) 0.005 <3% 

Efficacy outcomes at 1 year  

       Survival 61.0% (SE 2.8) 86.4% (SE .6) <.001 >80% 

       Freedom    

from Amputation 

68.1% (SE 3.9) 88.5% (SE .8) <.001 >84% 
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Table VIII: Safety and Efficacy Outcomes for Prosthetic versus Autogenous conduit 

Outcome Measures Prosthetic (N=998) Autogenous 

(N=2611) 

P-value SVS OPG 

Safety outcomes at 30 days 

       MALE 55 (5.5%) 127 (4.9%) 0.44 <8% 

       MACE 85 (8.5%) 177 (6.8%) 0.08 <8% 

        myocardial 

infarction 

52 (5.2%) 125 (4.8%) 0.62  

        death 47 (4.7%) 65 (2.5%) <.001  

     Amputation 23 (2.3%) 30 (1.2%) 0.01 <3% 

Efficacy outcomes at 1 year  

       Survival 79.3% (SE 1.4%) 85.8% (SE 0.7%) <.001 >80% 

       Freedom    

from Amputation 

81.9% (SE 1.7%) 88.6% (SE 0.8%) <.001 >84% 
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Table IX: Suggested Non-OPG benchmarks 

End Point SVS OPG Non-OPG ESRD Prosthetic 

Safety outcomes at 30 days 

   MALE <8% <8% <8% <8% 

   MACE <8% <11% <16% <11% 

   Amputation <3% <4% <6% <4% 

Efficacy outcomes at 1 year    

  Survival >80% >70% >52% >73% 

  Limb Salvage >84% >73% >56% >75% 
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Figure 1: Kaplan Meier Survival (OPG vs. NonOPG) 
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Figure 2: Kaplan Meier Freedom from Amputation (OPG vs. NonOPG) 
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Figure 3: Kaplan Meier Survival (ESRD vs. Normal renal function) 
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Figure 4: Kaplan Meier Freedom from Amputation (ESRD vs. Normal Renal Function) 
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