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Abstract

Background: Critical limb ischemia (CLI) is diagnosed by the presence of rest pain, tissue 

ulceration, or gangrene due to chronic arterial insufficiency. It is unclear what fraction of patients 

with suspected CLI have severe peripheral artery disease (PAD) on non-invasive functional testing.

Objectives: To describe the distribution of pre-intervention treated limb ankle-brachial indices 

(ABIs) among patients with CLI undergoing percutaneous vascular intervention (PVI) or surgical 

revascularization (SR).

Methods: We included patients who underwent lower extremity revascularization for CLI in a 

multicenter registry in Michigan from January 2012 through June 2015. ABIs were classified as 

normal (0.91–1.40), mild-moderate (0.41–0.90), and severe (≤0.40). Pre- and post-intervention 

Peripheral Artery Questionnaire (PAQ) summary scores were assessed in a subset of patients.

Results: Among 10,756 patients with signs or symptoms of CLI, 9,113 (84.7%) underwent PVI 

and 1,643 (15.3%) underwent SR. ABIs were recorded in 4,972 (54.6%) PVI and 1,012 (61.6%) 

SR patients. Patients undergoing PVI had higher ABIs than those undergoing SR, with substantial 

variation in both groups [mean±SD, PVI: 0.72±0.29 vs. SR: 0.61±0.29; P<0.001]. Nearly a quarter 
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of patients with compressible arteries had normal ABIs (24.0%), whereas severe PAD was 

uncommon (16.5%). A significant improvement in PAQ scores was noted after intervention across 

all ABI categories.

Conclusions: Among patients undergoing revascularization for CLI in contemporary practice, 

we found substantial heterogeneity in pre-intervention ABIs. The disconnect between ABI results 

and clinical diagnosis calls into question the utility of ABIs in this population and suggests the 

need for standardization of functional PAD testing.

Condensed Abstract:

It is unclear what fraction of patients with suspected CLI have severe peripheral artery disease 

(PAD) on non-invasive functional testing. We sought to describe the distribution of pre-

intervention treated limb ankle-brachial indices (ABIs) among patients with CLI undergoing 

percutaneous vascular intervention (PVI) or surgical revascularization (SR) in the state of 

Michigan. Nearly a quarter of patients with compressible arteries had normal ABIs (24.0%), 

whereas severe PAD was uncommon (16.5%). The disconnect between ABI results and clinical 

diagnosis calls into question the utility of ABIs in this population and suggests the need for 

standardization of functional PAD testing.
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peripheral artery disease; critical limb ischemia; ankle-brachial index; percutaneous vascular 
intervention; surgical bypass graft

Introduction

Peripheral artery disease (PAD) affects approximately 8.5 million Americans (1,2), and the 

worldwide prevalence continues to increase (3,4). Critical limb ischemia (CLI), a condition 

characterized by severe chronic arterial insufficiency resulting in rest pain, tissue ulceration, 

or gangrene (5), represents only a minority of patients with PAD (3,6,7); however, it is 

associated with significant morbidity and mortality (5,8). Because the signs and symptoms 

of CLI may be due to non-vascular etiologies (8), current guidelines recommend assessment 

of vascular insufficiency using objective functional testing such as the ankle-brachial index 

(ABI), toe-brachial index (TBI), tissue oxygen pressure (TcPO2), or skin perfusion pressure 

(5).

The ankle-brachial index (ABI) is a cost-effective, non-invasive, office-based assessment of 

arterial perfusion to the lower extremities and is recommended as the first-line investigation 

for assessment of arterial insufficiency. Although clinical practice guidelines have 

recommended the use of ABIs in the diagnosis of CLI (5), recent research from a single-

center tertiary care institution and a secondary analysis of a randomized controlled trial have 

called into question the utility of ABI testing for the diagnosis of PAD among patients with 

suspected CLI (9,10).

It remains unclear what fraction of patients in real-world practice undergoing 

revascularization for CLI have severe PAD by functional testing. Therefore, using a 

multicenter, multispecialty, statewide vascular interventions registry in Michigan, we sought 
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to describe the distribution of pre-intervention ABI results among patients undergoing 

revascularization for CLI.

Methods

Study population

Our study population comprised patients undergoing percutaneous vascular intervention 

(PVI) or surgical revascularization (SR) for lower-extremity CLI between January 1, 2012 

and June 30, 2015 at 47 medical centers in Michigan participating in the Blue Cross Blue 

Shield of Michigan Cardiovascular Consortium Vascular Interventions Collaborative (BMC2 

VIC). Thirty-three sites performed both PVI and SR, thirteen performed PVI only, and one 

performed SR only. Briefly, BMC2 VIC is a statewide, prospective, multicenter, 

multispecialty quality improvement registry founded in October 2007. A more detailed 

description of this registry, including data collection and auditing practices, has been 

previously described (11). PVI was defined as endovascular treatment with angioplasty, 

atherectomy, or stent implantation. SR was defined as vascular bypass graft surgery.

Patients were included if they had symptoms of CLI, defined as rest pain, tissue ulceration, 

or gangrene. We excluded patients who were asymptomatic or experienced claudication 

only; presented with acute limb ischemia, threatened vascular bypass graft(s), or trauma; and 

patients undergoing intervention for other reasons including a failed endovascular procedure, 

high stent or stent graft velocities on surveillance Doppler study, complications from a prior 

procedure, facilitation of a future procedure, and impaired work function. In patients with 

multiple interventions during the study period, we randomly selected one intervention for 

inclusion in the study cohort to avoid violating the statistical assumption of independence. 

Patients without a recorded pre-intervention treated-limb ABI result were excluded from this 

analysis.

Study measures

Baseline demographic, pre-procedural, and procedural variables were collected for all 

patients. Pre-intervention treated limb ABI results were categorized into the following 

groups: severe (≤0.40); mild-moderate (0.41–0.90); and normal (0.91–1.4) (5,12). Although 

ABIs between 0.91 and 1.00 are often classified as “borderline,” for this study we 

considered these values to be “normal” since they are not diagnostic of PAD. For a subset of 

patients, toe-brachial indices (TBIs) were also recorded.

We evaluated changes in disease-specific health status using the Peripheral Artery 

Questionnaire (PAQ). Briefly, the PAQ is a validated 20-item questionnaire developed to 

quantify symptoms, function, and quality of life in patients experiencing claudication related 

to PAD (13,14). A summary score is derived for each patient as the sum of scores from the 

physical limitation, symptom frequency/burden, social function, and quality-of-life domains 

divided by four. Scores range from 0 to 100 with higher scores indicating better health 

status. We attempted to collect pre-intervention PAQs on all patients, and 6-month or 1-year 

post-intervention PAQs on patients undergoing PVI or SR, respectively.
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Finally, we compared rates of post-procedural discharge outcomes including mortality and 

amputation across ABI categories.

Statistical analysis

Differences in baseline demographic, pre-procedural, and procedural variables were 

evaluated across ABI categories. We used ANOVA for continuous variables and a chi-square 

test for categorical variables to identify statistically significant differences across the three 

categories. If a statistically significant difference was found, pairwise comparisons across 

categories was conducted using t-tests for continuous variables and chi-square tests for 

categorical variables with a Bonferroni correction of the p-values for multiple testing. The 

mean ABI and TBI for patients undergoing PVI versus SR were compared using Student t-

test.

Multivariable ordinal logistic regression was used to identify independent predictors of PAD 

severity by ABI testing. As PAD severity was defined by three ranked categories of ABI 

values, the proportional odds model assumes that the effect of the predictors on the odds of 

severity category membership in every subsequent category is the same (15). We assessed 

the proportionality assumption using the graphical technique described by Harrell (16). To 

create a parsimonious model, backward stepwise selection of predictors with Akaike’s 

information criterion was conducted. A detailed description of the candidate predictor 

variables included in the model along and assessment of model performance can be found in 

the Supplementary Appendix. As patients were clustered within hospitals and outpatient 

centers, they could not be assumed to be independent of one another, therefore a “robust” 

Huber-White covariance matrix was utilized for the calculation of confidence intervals and 

statistical tests (17).

To evaluate the change in PAQ scores in patients across each ABI category, a generalized 

least-squares model (GLS) was used as it allows for correlation of pre- and post-intervention 

PAQ scores within subjects (18). Separate GLS models were created for PVI and SR 

patients. Initially models included all potential confounders but we ultimately simplified 

them to include only ABI severity category and pre-/post-intervention time, as additional 

confounders did not improve model fit. A Huber-White covariance matrix was utilized for 

the calculation of confidence intervals and statistical tests to account for clustering. 

Comparisons across ABI categories or across time in the GLS models were adjusted for 

multiple comparisons with the Bonferroni correction. All analyses were conducted with the 

R statistical program, version 3.3.1 (19).

Results

Study population

Between January 1, 2012 and June 30, 2015, 32,846 lower extremity interventions were 

performed at 47 sites. In total, 18,469 (56.2%) interventions were excluded from analysis, 

many of which were performed for symptoms of intermittent claudication (n=14,551; 

44.3%) or in patients with acute limb ischemia (n=3,010; 9.2%). Of the remaining 14,377 

lower extremity interventions performed for symptoms of rest pain or signs of tissue 
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ulceration or gangrene, 3,621 interventions were randomly removed from 2,454 patients 

who had multiple interventions during the study period to avoid violating the statistical 

assumption of independence. Of the remaining 10,756 patients, 9,113 (84.7%) underwent 

PVI and 1,643 (15.3%) underwent SR. Pre-intervention ABIs were recorded in 4,972 

(54.6%) patients who underwent PVI and in 1,012 (61.6%) patients who underwent SR 

forming the two study groups of interest.

Patients with ABIs recorded were more frequently white, female, and current tobacco users 

than patients who did not have ABIs recorded. They also less frequently had a history of 

diabetes mellitus, renal failure requiring dialysis, and cardiovascular comorbidities 

(Supplementary Table S1). There was substantial site-level variation in the rate of recorded 

pre-intervention ABIs (Supplementary Figure S1). Among sites performing PVI, the mean 

rate of pre-intervention documented ABIs was 50.5% (range: 13.3% to 83.3%), whereas 

among sites performing SR, the mean rate of ABI documentation was 52.2% (range: 11.3% 

to 90.0%).

Ankle-brachial indices

Patients undergoing PVI had higher ABIs compared with patients undergoing SR (mean

±SD: 0.72±0.29 vs. 0.61±0.29, respectively; P<0.001; Figure 1). Among patients with 

recorded pre-intervention ABIs, 581 (11.7%) PVI patients and 72 (7.1%) SR patients had 

ABIs >1.4, indicative of non-compressible arteries. The demographic, clinical, and 

procedural characteristics of patients with non-compressible ABIs are shown in Tables 1 and 

2. These subjects were excluded from further analyses as our primary objective was to 

evaluate the heterogeneity of diagnostic results, thus leaving 4,391 PVI patients and 940 SR 

patients in the two study groups. There was substantial heterogeneity in ABI results 

regardless of the mode of revascularization (Central Illustration). Overall, nearly a quarter of 

patients (24.0%) had normal ABIs, whereas a small fraction (16.5%) had severe ABIs.

Demographic and clinical characteristics across ABI categories are shown in Table 1. 

Patients with normal ABIs were more likely to be younger and male, and less likely to have 

chronic lung disease and have undergone prior SR compared with patients with mild-

moderate or severe ABIs. As ABI severity increased, there was a clear ordering across the 

ABI categories in terms of decreased body mass index and increased likelihood of being a 

current smoker.

When comparing patients between ABI severity categories (Table 2), patients with severe 

ABIs were more likely to undergo SR, have the current procedure treat a previously treated 

site, and have lower hemoglobin levels than patients in the mild-moderate or normal ABIs. 

The anatomic level of the targeted lesion also differed across ABI categories, as patients 

with severe ABIs were more likely to have a procedure treating the aorto-iliac level while 

patients with normal ABIs were more likely to have a procedure treating a lesion below the 

knee. There was no difference in the frequency of rest pain only and tissue ulceration or 

gangrene among patients with normal, mild-moderate, or severe ABIs; however, patient 

quality of life, as measured by the pre-intervention PAQ summary score, was significantly 

lower as ABI severity increased (Figure 2).
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Toe-brachial indices

Among patients undergoing revascularization for CLI, 20.7% (n/N=2,225/10,756) had 

documented TBIs prior to revascularization. Like the ABI findings above, patients 

undergoing PVI had less severe PAD compared with patients undergoing SR as 

demonstrated by higher TBIs (mean±SD; PVI: 0.41±0.26 vs. SR: 0.34±0.25; P <0.001). 

Most patients who underwent TBI testing had evidence of PAD with a TBI <0.7 (PVI 

87.5%; SR 91.5%).

Independent Predictors of ABI severity

Using multivariable ordinal logistic regression, we found eight patient characteristics that 

were independent predictors of increased ABI severity (Table 3). Characteristics that 

increased the odds of ABI severity included increasing age, past or current smoking, history 

of transient ischemic attack or cerebrovascular accident, previous SR, and decreased pre-

intervention hemoglobin levels. For example, a patient with a pre-intervention hemoglobin 

of 11 mg/dL has 1.20 times the odds (95% CI 1.10–1.34; P<0.001) of a more severe ABI 

category compared with a patient with a pre-intervention hemoglobin of 14 mg/dL, after 

adjusting for other factors.

Characteristics that decreased the odds of a more severe ABI category included male gender, 

increased body mass index, and a more distal anatomic level of treatment. In fact, the 

strongest predictor of ABI severity was the anatomic level of treatment, where having a 

targeted lesion in a more distal vascular bed significantly decreased the odds of increased 

ABI severity. For instance, compared with patients whose targeted lesion was in the aorto-

iliac vascular bed, patients with a treated lesion in the femoral-popliteal vascular bed has 

0.70 the odds of increased ABI severity (95% CI 0.58–0.84; P<0.001), while patients with 

the targeted lesion below the knee has 0.48 the odds of increased PAD severity (95% CI 

0.41–0.57; P<0.001). This relationship holds when comparing patients with a targeted lesion 

location below the knee compared with patients with a targeted lesion location in the 

femoral-popliteal region (odds ratio 0.69; 95% CI 0.60–0.79; P<0.001).

Outcomes

Of 4,391 patients with pre-intervention compressible ABIs who underwent PVI, 1,060 

(24.1%) had pre-intervention and 6-month post-intervention PAQ summary scores 

documented. Pre-intervention PAQ summary scores, shown in Figure 2A, were significantly 

different across all ABI categories (Wald test, P<0.001). Baseline PAQ summary scores 

among patients with severe ABIs were, on average, 4.6 points lower than those with mild-

moderate ABIs (Bonferroni corrected Wald test, P=0.004) and 11.07 points lower than those 

with normal ABIs (P<0.001). Baseline PAQ summary scores were 6.47 points lower among 

those with mild-moderate ABIs as compared with those with normal ABIs (P<0.001). 

Importantly, there were significant increases in PAQ scores after intervention across all three 

ABI categories (P<0.001; Figure 2A). There were no significant differences in the degree of 

improvement when comparing the three ABI groups (P=0.137).

Of 940 patients with pre-intervention compressible ABI results who underwent SR, 134 

(14.3%) had pre-intervention and 1-year post-intervention PAQ summary scores recorded 
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(Figure 2B). Among patients with severe ABIs, baseline PAQ scores were 7.88 points lower 

than patients with mild-moderate ABIs (P=0.001), and 8.65 points lower than patients with 

normal ABIs (P=0.011). Significant improvements in PAQ scores were seen across all three 

ABI categories (P<0.001; Figure 2B). As above, there were no significant differences in the 

magnitude of improvement in PAQ scores between the three categories (Wald test, P=0.32).

Lastly, we compared discharge outcomes across ABI categories for patients treated with PVI 

and SR. We found no significant differences in the rates of amputation or death across both 

modes of revascularization (Supplementary Table S2).

Discussion

To our knowledge, this is the largest multicenter and multispecialty assessment of ABI 

results in patients undergoing revascularization for CLI. The present study has 2 principal 

findings. First, there was remarkable heterogeneity in pre-intervention ABI results in these 

patients, regardless of the mode of revascularization or the patient’s presenting signs and 

symptoms. Remarkably, nearly a quarter of patients undergoing revascularization for CLI 

had normal ABIs, whereas only 16% of patients had severe PAD by ABI testing. Second, 

despite this variation in ABI results, significant symptomatic improvement after intervention 

was seen across all levels of PAD severity, suggesting that a component of patients’ poor 

baseline health status assessments was due to vascular insufficiency despite the pre-

intervention ABI results. These findings raise concerns regarding the role of ABI testing in 

this population.

In fact, recent studies have called into question the diagnostic utility of ABI testing in the 

diagnosis of PAD among patients presenting with CLI (9,10). In a single-center study of 89 

patients, Bunte and colleagues found 29% of patients with CLI to have near-normal or 

normal ABIs despite significant infrapopliteal arterial disease on angiography (9). 

Furthermore, there was a paradoxical relationship between ABI results and infrapopliteal 

arterial runoff, with the highest ABI results in those with the fewest patent infrapopliteal 

arteries. Also, in a recent secondary analysis of the IN.PACT DEEP trial, Shishehbor et al 

discovered that among 237 patients with angiographically-confirmed isolated infrapopliteal 

disease, only 6% had severe PAD by pre-intervention ABI testing (10).

The present study confirms and extends these findings by demonstrating substantial 

heterogeneity in pre-intervention ABIs among a large, multicenter, real-world population of 

patients undergoing revascularization. Similar to prior work, we found that more distal PAD 

was independently associated with less severe ABIs (i.e. higher ABI values). Furthermore, 

male gender and elevated body mass index were also independently associated with less 

severe ABIs. Previous research demonstrated that increased baseline obesity was associated 

with mean increases in ABI over time and the development of new-onset high-ABI 

measurements (ABI≥1.3) (20). Aboyans and colleagues also found that female gender was 

associated with lower baseline ABI values. The mechanisms underlying these findings 

remains incompletely understood (21).
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Prior studies have demonstrated that ABI testing does not correlate well with arterial disease 

determined by angiographic assessment among patients with suspected CLI (9,10). 

However, angiographic imaging may only point to an anatomic obstruction, and not 

necessarily functional hypoperfusion. The current study goes a step beyond solely 

demonstrating that a substantial proportion of patients with anatomic PAD undergoing 

revascularization had normal ABIs; we also found a similar improvement in the PAQ 

summary score after intervention across all ABI categories. This suggests that some degree 

of the patient’s improved health status was likely due to treatment directed at their 

underlying vascular insufficiency regardless of their pre-intervention ABI. Of note, the 

improvement in PAQ scores was not solely a reflection of the benefits of revascularization, 

but also incorporates benefits derived from being under the care of vascular specialists who 

are likely providing optimal non-procedural treatment including medical therapy, 

management of comorbid illnesses (i.e. diabetes mellitus), wound care, and exercise therapy.

From a population health perspective, we do not know the number of patients who present 

with signs or symptoms of CLI and are found to have normal ABIs, ultimately leading to 

delayed diagnosis or misdiagnosis. Given that prompt revascularization is the cornerstone of 

treatment in CLI with the aim of preventing amputation and improving symptoms, if 25% of 

patients suspected of having CLI do not undergo revascularization because of normal ABIs, 

we are likely to find an alarming number of patients undergoing preventable amputation – 

making this issue a priority for further research and evaluation. Indeed, the most recent 

American Heart Association/American College of Cardiology Lower Extremity PAD 

guidelines state that it is reasonable to diagnose CLI by using TBI with waveforms, TcPO2, 

or skin perfusion pressure among patients with nonhealing wounds or gangrene who have 

normal or borderline ABI results (5). We found a similar proportion of normal ABI results 

among patients with rest pain only compared with those with evidence of tissue necrosis, 

suggesting that there may be utility in further perfusion assessment among patients with rest 

pain only as well.

Previous research has demonstrated that the TBI may be a more sensitive test in diagnosing 

PAD than the ABI, particularly among patients with diabetes and calcified vessels (22). 

Similarly, in a small subset of patients with recorded TBIs, we discovered a lower mean 

value for TBIs than ABIs, and a larger proportion of patients having a diagnosis of PAD by 

TBI testing.

Finally, with increasing interest in the wound-directed angiosome revascularization approach 

for CLI (6,23,24), substantial promise may lie in the clinical application of technologies 

focused on assessing microcirculatory perfusion such as blood oxygenation level-dependent 

cardiovascular magnetic resonance (25), TcPO2 (26), laser Doppler (27), and indocyanine 

green angiography (28,29). Also, newer classification schemes, such as the wound, 

ischemia, and foot infection classification system (WIfI) may generate new diagnostic and 

treatment paradigms (30). Although the WIfI criteria still relies on ABI testing in assessing 

the domain of “ischemia,” it is clearly noted that if arterial calcification precludes reliable 

hemodynamic assessment, TcPO2, skin perfusion pressure, or pulse volume recordings 

should be used. We hope that the process of creating and evaluating these classification 
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schemes will ultimately result in important innovations and advances in the field of vascular 

medicine and better outcomes for patients with CLI.

This study should be interpreted in the context of several important limitations. First, these 

are patients undergoing revascularization for signs and symptoms of CLI, therefore, despite 

normal ABIs, the treating physicians believed that revascularization would be beneficial. 

Exactly how each physician arrived at this conclusion is beyond the scope of this study. 

Second, nearly 50% of patients undergoing revascularization for CLI did not have ABIs 

recorded in our registry, thus potentially making our findings susceptible to selection bias. 

The specific reasons why a patient may not have had an ABI performed or did not have it 

recorded in the registry are unknown. Despite attempts to obtain office-based records 

including ABIs, it is possible that these were not received for several patients. Furthermore, 

patients with CLI may not have had ABIs performed due to the presence of wounds or limb 

pain limiting the ability to physically perform the diagnostic test. Third, the PAQ was 

validated in patients experiencing intermittent claudication (i.e. Rutherford class 2 and 3), 

not CLI (14). To our knowledge, there is a paucity of quality-of-life assessment tools for 

patients with CLI (31), therefore we believe that using the PAQ in an exploratory manner 

may still provide important information in this population. Lastly, the exact method or 

technique used to perform ABIs at each site was not collected, therefore we could not 

account for the effect of operator variability on our results. Although prior work has 

demonstrated a relationship between examiner experience and ABI reproducibility (12), our 

results represent ABIs that are obtained and used in real-world practice to inform clinical 

decisions, not a controlled research setting, and are thus more generalizable.

Conclusion

A small fraction of patients undergoing revascularization for CLI in contemporary practice 

had severe PAD by ABI testing. Despite this heterogeneity in ABIs, symptomatic 

improvement after intervention was seen across all levels of PAD severity. Notably, patients 

who had more distal anatomic sites of treatment were less likely to have severe ABIs. 

Although the ABI remains an easily administered, non-invasive, functional assessment of 

PAD, the disconnect between ABI severity and the clinical diagnosis of CLI calls into 

question the utility of ABIs in this population and suggests the need for standardization of 

functional PAD testing in patients with signs or symptoms concerning for CLI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives: Core Clinical Competencies and Translational 
Outlook implications

What’s known?

The ankle-brachial index (ABI) is recommended as the first-line investigation for 

assessment of arterial insufficiency among patients with signs and symptoms of critical 

limb ischemia (CLI).

What’s new?

Among patients with compressible arteries undergoing revascularization for signs or 

symptoms of critical limb ischemia with recorded pre-intervention ABIs, nearly a quarter 

of the ABI results were normal (ABI: 0.91–1.4).

What’s next?

With the development of newer technologies and imaging modalities to assess functional 

limb perfusion, further research is needed to evaluate the diagnostic performance of these 

tests. This should ultimately lead to standardization of functional peripheral artery 

disease testing among patients with suspected critical limb ischemia.
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Figure 1: Distribution of ankle-brachial indices by mode of revascularization.
The probability density function for ABI results for patients undergoing percutaneous 

vascular intervention or surgical revascularization for critical limb ischemia are 

demonstrated by the solid black and dashed red lines, respectively. The dashed vertical red 

line indicates the mean ABI for surgical revascularization (mean±SD: 0.61±0.29), whereas 

the solid black line indicates the mean ABI for PVI (0.72±0.29).

Abbreviations: ABI = ankle-brachial index; PVI = peripheral vascular intervention.
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Figure 2: Pre- and post-intervention peripheral artery questionnaire summary scores by mode of 
revascularization.
Pre-intervention and post-intervention Peripheral Artery Questionnaire (PAQ) summary 

scores are demonstrated for patients undergoing percutaneous vascular intervention (A) and 

surgical revascularization (B). Patients who underwent percutaneous vascular intervention 

had 6-month post-intervention PAQ scores collected, whereas those who underwent surgical 

revascularization had 1-year post-intervention PAQ scores collected.

Abbreviations: PAQ = Peripheral Artery Questionnaire.

* All pre- and post-intervention differences are statistically significant at P<0.001.
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Central Illustration: Heterogeneity of pre-intervention ankle-brachial indices among patients 
undergoing revascularization for critical limb ischemia.
Frequency of normal, mild-moderate, and severe pre-intervention treated limb ankle-brachial 

index results among patients with compressible arteries undergoing percutaneous vascular 

intervention or surgical revascularization for treatment of critical limb ischemia.
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Table 3:

Reduced ordinal logistic regression of patient characteristics and anatomic level of treatment on increased 

ankle-brachial index severity.*

Odds Ratio (95% Confidence Interval) P-value

Male gender 0.85 (0.78–0.94) < 0.001

Age (change from age 60 to 70) 1.17 (1.11–1.23) < 0.001

ZIP population density

 Urban Reference

 Suburban 1.22 (0.96–1.43) 0.119

 Rural 1.18 (0.95–1.52) 0.130

Body mass index (change from 25 to 30 kg/m2) 0.95 (0.92–0.99) 0.004

Smoking status

 Never Reference

 Past 1.31 (1.15–1.49) < 0.001

 Current 1.58 (1.31–1.93) < 0.001

History of TIA/CVA 1.22 (1.08–1.39) 0.002

Prior surgical revascularization 1.33 (1.11–1.62) 0.002

Anatomic level of treatment:

 Aorto-iliac Reference

 Femoral-popliteal 0.70 (0.58–0.84) < 0.001

 Below the knee 0.48 (0.41–0.57) < 0.001

Hemoglobin (change from 14 to 11 mg/dL) 1.20 (1.10–1.34) < 0.001

*
Models odds of increased ABI severity category: normal to mild-moderate to severe.

Model performance measures: Concordance statistic 0.589; calibration intercept 0.091; calibration slope 0.914.

Abbreviations: CVA = cerebrovascular accident; TIA = transient ischemic attack
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