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Abstract

Objective: Because the treatment of intermittent claudication (IC) is elective, good short- and 

long-term outcomes are imperative. The objective of the present study was to examine the 

outcomes of endovascular management of IC reported in the Vascular Quality Initiative and 

compare them with the Society for Vascular Surgery guidelines for IC treatment to determine 

whether real-world results are within the guidelines.

Correspondence: Jonathan Bath, MD, Division of Vascular Surgery, University of Missouri, Columbia, MO 65212 
(bathj@health.missouri.edu).
AUTHOR CONTRIBUTIONS
Conception and design: JB, PL, AB, MC, MS, KW
Analysis and interpretation: JB, PL, DN, YZ, JS, AB, MC, MS, KW
Data collection: JB, DN, YZ, KW
Writing the article: JB, PL, AB, MC, MS, KW
Critical revision of the article: JB, PL, DN, YZ, JS, AB, MC, MS, KW
Final approval of the article: JB, PL, DN, YZ, JS, AB, MC, MS, KW
Statistical analysis: DN, YZ, JS, KW
Obtained funding: Not applicable
Overall responsibility: JB

Author conflict of interest: none.
The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS policy that requires reviewers 
to decline review of any manuscript for which they may have a conflict of interest.

Presented at the Forty-seventh Annual Symposium of the Society for Clinical Vascular Surgery, Boca Raton, Fla, March 17–20, 2019.

Additional material for this article may be found online at www.jvascsurg.org.

HHS Public Access
Author manuscript
J Vasc Surg. Author manuscript; available in PMC 2021 June 09.

Published in final edited form as:
J Vasc Surg. 2021 May ; 73(5): 1693–1700.e3. doi:10.1016/j.jvs.2020.10.067.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.jvascsurg.org/


Methods: Patients undergoing peripheral vascular intervention for IC from 2004 to 2017 with 

complete data and >9 month follow-up were included. The primary outcome measures were IC 

recurrence and repeat procedures performed ≤2 years after the initial treatment.

Results: A total of 16,152 patients met the inclusion criteria, with a mean age of 66 years. Of the 

16,152 patients, 61% were men, 45% were current smokers, and 28% had been discharged without 

antiplatelet or statin medication. Adjusted analyses revealed that treatment of more than two 

arteries was associated with a shorter time to IC recurrence (hazard ratio [HR], 1.19; 95% 

confidence interval [CI], 1.09–1.31) and a shorter time to repeat procedures (HR, 1.25; 95% CI, 

1.09–1.45). The use of atherectomy was also associated with a shorter time to IC recurrence (HR, 

1.29; 95% CI, 1.08–1.33) and a shorter time to repeat procedures (HR, 1.31; 95% CI, 1.13–1.52). 

Discharge with antiplatelet and statin medications was associated with a longer time to IC 

recurrence (HR, 0.84; 95% CI, 0.78–0.91) and a longer time to repeat procedures (HR, 0.77; 95% 

CI, 0.69–0.87). Life-table analysis at 2 years revealed that only 32% of patients were free from IC 

recurrence, although 76% had not undergone repeat procedures. Stratified by anatomic treatment 

level, 37% of isolated aortoiliac interventions, 22% of aortoiliac and femoropopliteal 

interventions, 30% of isolated femoropopliteal interventions, and 20% of femoropopliteal and 

tibial interventions had remained free from IC recurrence at 2 years.

Conclusions: Most patients treated with an endovascular approach to IC did not meet the 

Society for Vascular Surgery guidelines for long-term freedom from recurrent symptoms of >50% 

at 2 years. Many lacked preprocedure optimization of medical management. The use of 

atherectomy and treatment of more than two arteries were associated with poor outcomes after 

peripheral vascular intervention for IC, because only 32% of these patients were free from 

recurrent symptoms at 2 years. Even when risk factor modification is optimized before the 

procedure, vascular specialists should be aware of the association between atherectomy and 

multivessel interventions with poorer long-term outcomes and counsel patients appropriately 

before intervention. (J Vasc Surg 2021;73:1693-700.)

Keywords

Claudication; Peripheral arterial disease; Endovascular; Peripheral vascular interventions

Peripheral arterial disease (PAD) affects 8 to 12 million patients in the United States.1 The 

most common symptom of PAD is intermittent claudication (IC),2 which has been defined in 

the Society for Vascular Surgery (SVS) practice guidelines for atherosclerotic occlusive 

disease of the lower extremities as “reproducible discomfort in a specific muscle group that 

is induced by exercise and then relieved with rest.”3 Patients with IC can present with a wide 

range of symptoms and varying degrees of limitations in daily function.4 The current data 

have suggested that the management of IC should be individualized, with risk factor 

modification, including smoking cessation,5 medical therapy,6 and a supervised exercise 

program,7 before consideration of invasive treatment.8

IC will progress to rest pain, tissue loss, and amputation in <5% of patients.9,10 Thus, any 

invasive treatment for this lifestyle-limiting condition should primarily be considered for 

patients with disabling symptoms who have complied with medical management and for 

whom the potential benefits of a procedure outweigh the risks.
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The SVS practice guidelines have recommended that any treatment modality offered for IC 

should provide a reasonable likelihood of a sustained benefit to the patient (>50% likelihood 

of clinical efficacy for ≥2 years).8 Given these recommendations, we analyzed the real-world 

practice patterns and outcomes of endovascular procedures to treat IC in the Vascular 

Quality Initiative (VQI) to determine whether they met the SVS IC guidelines.

METHODS

Dataset.

The VQI peripheral vascular intervention (PVI) module was queried for all unique patients 

who had undergone endovascular interventions for the indication of IC from 2004 to 2017. 

The VQI is a national quality improvement registry designed to improve the quality, safety, 

effectiveness, and cost of vascular healthcare (available at: 

www.vascularqualityinitiative.org/). All data are self-reported by the participating 

institutions. The VQI requires at least one entry of follow-up data between 9 and 21 months 

after a procedure. The primary outcome measures were IC recurrence in the ipsilateral limb 

(assessed with a yes vs no data entry in the VQI PVI follow-up module) and the 

performance of repeat procedures on the ipsilateral limb during follow-up.

Patient cohort and variables.

Patients were excluded from the analysis if they had undergone an emergency procedure or 

had had an indication for intervention other than IC. Only patients with complete data and 

follow-up data for >9 months were included. Patients with incomplete data were omitted 

from the analysis. Patient demographics, comorbidities, medications, and procedure details 

were recorded according to the VQI data definitions.

Statistical analysis.

Cox proportional hazards models were used to examine the factors independently associated 

with time to IC recurrence and repeat procedures and account for the different follow-up 

periods among the patients. We selected covariates for inclusion in the multivariable models 

that were significant on univariate analysis and clinically relevant to the outcomes examined. 

Factors that correlated highly with each other were not included in the same model to 

preserve model stability. Thus, age, sex, race, and comorbidities were used as covariates in 

all models. Smoking, the number of arteries treated, use of angioplasty, stenting, and/or 

atherectomy (Appendix; Supplementary Table I, online only), and discharge antiplatelet 

agents and statins were included as covariates that might be associated with the outcomes. 

Kaplan-Meier survival curves were used to assess the freedom from IC recurrence and time 

to repeat procedure (Supplementary Figs 1 and 2, online only). In the case of patients who 

had not reached the endpoint of IC recurrence or repeat procedure, they were censored at the 

last entry.

To evaluate the effect of the different lengths of patient follow-up on the overall results, we 

performed a sensitivity analysis (Supplementary Tables II to IV, online only) by repeating all 

analyses with the inclusion of only those centers that had reported follow-up data for ≥9 
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months for ≥70% of patients treated. All analyses were performed using SAS, version 9.4 

(SAS Institute, Cary, NC).

RESULTS

Demographics

A total of 54,849 unique patients who had undergone an index limb-first endovascular 

intervention for the indication of IC were identified. Of these patients, 29,068 were excluded 

because of previous aneurysm repair, previous bypass, endarterectomy, or PVI, previous 

open or endovascular inflow treatment, or previous open or endovascular infrainguinal 

treatment. After these exclusions, 25,781 patients were available for inclusion, of whom 

16,152 patients had long-term follow-up data. Of this final cohort, 79% of these patients had 

had complete follow-up data entered at 18 months. The lower extremity treated during the 

index operation was considered the ipsilateral limb, and any contralateral limb interventions 

were not captured on the follow-up form and were excluded.

Most patients were men (61%) and white (85%). Preoperatively, 60.4% of the patients were 

taking antiplatelet agents and a statin. Regarding preoperative statin use, 2% of the patients 

were reported to not be taking a statin medication for “medical reasons.” In addition, 28% of 

the patients were discharged without an antiplatelet or a statin agent, and 45% of the patients 

were current smokers at the time of intervention (Table I). The mean follow-up for the 

overall cohort was 11.4 months (range, 3–65 months). During the study period, 6.2% of the 

patients had progressed to tissue loss, with 2.7% of the patients progressing to rest pain. 

Balloon angioplasty was used as the sole treatment modality in 16.7% of patients, stenting 

only in 17.9%, atherectomy alone in 0.49%, with the most frequent pattern being balloon 

angioplasty and stenting in 52.8% of the cohort (Supplementary Table I, online only). 

Atherectomy was used in 12% of the cohort (2021 patients), with the following anatomic 

distribution. Of the 2021 patients, 59 (2.9%) had undergone aortoiliac atherectomy, 1435 

(71%) had undergone femoropopliteal atherectomy only, 258 (12.8%) had undergone 

aortoiliac and femoropopliteal atherectomy, 189 (9.4%) had undergone femoropopliteal and 

tibial atherectomy, and 67 patients (3.32%) had undergone tibial atherectomy only.

Outcomes by multivariable analysis

IC recurrence.—The Kaplan-Meier estimate demonstrated that 32% of patients were free 

from recurrent symptoms at 2 years (Fig 1). The Kaplan-Meier estimates of freedom from 

IC (Supplementary Fig 1, online only) at 2 years of follow-up stratified by anatomic level of 

treatment were as follows: 5595 (43.8%), isolated aortoiliac intervention with 37% freedom 

from IC; 1110 (8.7%), aortoiliac and femoropopliteal intervention with 22% freedom; 5358 

(41.9%), isolated femoropopliteal intervention with 30% freedom; and 554 (4.3%), 

femoropopliteal and tibial intervention with 20% freedom (Fig 2).

A multivariable model for the time to IC recurrence demonstrated that treatment of more 

than two arteries (hazard ratio [HR], 1.19; 95% confidence interval [CI], 1.09–1.31) and 

atherectomy use (HR, 1.29; 95% CI, 1.08–1.33; Table II) were associated with a decreased 

time to IC recurrence. The use of antiplatelet agents and a statin on discharge was associated 
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with an increased time to IC recurrence (HR, 0.84; 95% CI, 0.78–0.91), as was any use of 

stenting (HR, 0.82; 95% CI, 0.75–0.88).

Repeat procedures.—The Kaplan-Meier estimates demonstrated that 76% of patients 

treated with endovascular procedures for IC were free from repeat procedures at 2 years (Fig 

3). The Kaplan-Meier estimates of freedom from repeat procedures (Supplementary Fig 2, 

online only) at 2 years of follow-up, stratified by the anatomic level of treatment, were as 

follows: 5796 (43.7%), isolated aortoiliac intervention with 86% freedom from repeat 

procedures; 1126 (8.5%), aortoiliac and femoropopliteal intervention with 71% freedom; 

5607 (42.3%), isolated femoropopliteal intervention with 67% freedom; 565 (4.3%); and 

femoropopliteal and tibial intervention with 50% freedom (Fig 4; Supplementary Fig 2, 

online only). During the postoperative period, three patients had required an ipsilateral major 

amputation.

Of the repeat procedures, these had occurred most commonly to the same anatomic segment 

in 40.2%, more proximal arteries in 6.7%, more distal arteries in 3.1%, and both proximal 

and distal arteries in 0.03%.

On multivariable analysis, the treatment of more than two arteries (HR, 1.25; 95% CI, 1.09–

1.45) and atherectomy use (HR, 1.31; 95% CI, 1.13–1.52) were associated with a decreased 

time to a repeat procedure. The prescription of antiplatelet agents and a statin at discharge 

was associated with an increased time to a repeat procedure (HR, 0.77; 95% CI, 0.69–0.87), 

as was the use of any stenting during the index procedure (HR, 0.79; 95% CI, 0.70–0.89; 

Table III).

Sensitivity analysis (long-term follow-up group)

Restricting the overall dataset to centers with >70% follow-up at ≥9 months identified 4607 

patients. The demographics for these 4607 patients were similar to those of the overall group 

(Supplementary Table II, online only).

Cox proportional hazards modeling demonstrated that treatment of more than two arteries 

(HR, 1.31; 95% CI, 1.10–1.59; P = .002) led to a reduced time to IC recurrence, with 

antiplatelet and statin therapy on discharge increasing the time to IC recurrence (HR, 0.84; 

95% CI, 0.72–0.97; P = .02). Similarly, the point estimates for smoking and atherectomy use 

were in a direction and magnitude similar to those for the overall group. The Kaplan-Meier 

estimates of freedom from IC recurrence at 2 years for the long-term follow-up group, 

stratified by the anatomic level of treatment, were similar to the estimates for the overall 

cohort (Supplementary Fig 1, online only).

Cox proportional hazards modeling demonstrated that treatment of more than two arteries 

was associated with a reduced time to repeat procedures (HR, 1.61; 95% CI, 1.26–2.06; P 
= .0001), again with similar direction and magnitude of the point estimates for atherectomy 

use and discharge prescription of antiplatelet agents and statins.
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The Kaplan-Meier estimates of freedom from repeat procedures at 2 years for the long-term 

follow-up group, stratified by anatomic level of treatment, were also similar to the estimates 

for the overall group.

DISCUSSION

In the present large VQI-based registry study of patients who had undergone PVI for IC, 

compliance with guideline-based optimal medical management was moderate and symptom 

recurrence in the treated limb was soberingly high (68% reporting ipsilateral recurrent IC 

within 2 years of treatment). Medical therapy, level of disease treated, number of arteries 

treated, and use of atherectomy were all significant predictors of both symptom recurrence 

and limb reintervention. These data are cause for concern, given the increasing number of 

interventions for IC and the limited comparative effectiveness evidence existing in the field. 

Recent data from both the EUCLID trial (a study comparing cardiovascular effects of 

ticagrelor and clopidogrel in patients with peripheral artery disease)11 and a regional 

longitudinal cohort study12 have also highlighted the potential down-stream risks of early 

revascularization for IC in terms of acute limb ischemia and major amputation. These 

contemporary VQI results suggest significant opportunities for improvement in 

preprocedural care, patient selection, and durability of the chosen intervention for IC.

The findings from the present study support the importance of medical management of IC 

before and after intervention. Good evidence has shown that antiplatelet agents and statin 

medications improve the outcomes from a primary and secondary stroke, myocardial 

infarction, and death standpoint for patients with atherosclerotic disease.13–18 These same 

medications have also been shown to have beneficial effects on patency after peripheral 

interventions.19–21 Despite the well-recognized benefits, 28% of patients undergoing PVIs 

for IC in the VQI had not been prescribed antiplatelet agents or statin medications at 

discharge. Although the stain intolerance rate has been an estimated at 10% to 20% in the 

general population22,23 and patients might have declined these medications on discharge, it 

is more likely that antiplatelet agents and statins were simply not prescribed after PVI. Given 

that 2% of the patients were classified as not taking statin medications for medical reasons 

suggests that statin intolerance in this population is low. These data highlight a significant 

opportunity for optimization of modifiable risk factors before elective intervention for IC. 

Furthermore, the treatment of these patients is not consistent with the grade IA 

recommendations from the SVS practice guidelines for antiplatelet and statin therapy for 

patients with symptomatic PAD.8

In the present study population, 86% of patients were free from repeat procedures after 

aortoiliac intervention at 2 years. However, the proportion of patients undergoing isolated 

aortoiliac intervention who were free from IC at 2 years was much lower at only 37%. The 

rate of freedom from repeat procedures was similar to the rate of patients who had lost 

primary patency in the COBEST (covered vs balloon expandable stent trial) for aortoiliac 

occlusive disease.24 However, the rate of symptom recurrence was in contrast to much of the 

literature on isolated aortoiliac interventions for IC, which have been described as providing 

excellent results, even for TASC (TransAtlantic Inter-Society Consensus) D lesions, at ≤5 

years of follow-up.24–28 We believe that IC recurrence is a much more clinically relevant 
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outcome than patency, given that the ultimate goal of treatment is the durable relief of 

symptoms from the patient’s perspective. Therefore, that only 32% of the patient cohort 

reported being free from IC recurrence at 2 years is very suggestive of poor patient-centered 

outcomes after PVI for IC. This is arguably more clinically important than target lesion 

revascularization, patency, and lesion recurrence, which are all, essentially, proxy measures 

for a perceived benefit for the patient at a specific time point. Any outcome related to 

improving the quality of life of a patient should be measured by a validated quality of life 

questionnaire, such as the peripheral artery questionnaire,29 which at present, is not captured 

in a validated manner in the VQI.

Tsai et al30 reported data on PVI outcomes from a community-based integrated healthcare 

system. They estimated the incidence of target limb reintervention after PVI for IC (n = 934) 

at 16.1% and 24.4% at 1 and 3 years, respectively, notably similar to the data from our study. 

However, they did not report outcomes specific to the level of disease treated, nor did they 

report on IC symptom recurrence or functional outcomes. Our data highlight the large 

discrepancy between symptom recurrence and repeat intervention for IC and expose the 

limited relevance of outcomes such as target lesion and target limb reintervention, which 

have been commonly used in clinical device studies. Moreover, the lack of data on anatomic 

patency of the index intervention meant that we could not discern whether the symptom 

recurrence was related to anatomic failure at the treated artery or other unrelated causes. 

More robust longitudinal registry data, incorporating anatomic patency, reintervention, and 

functional and patient-reported outcomes, are sorely needed to better characterize the true 

effectiveness of interventions for IC.

Atherectomy use was associated with an increased incidence of IC recurrence and repeat 

procedures in the present study. The CONFIRM (coronary CT angiography evaluation for 

clinical outcomes: an international multi-center registry) I, II, and III Registries, which were 

a series of prospectively maintained registries of orbital atherectomy from 2009 to 2011 

reported the pooled experience of 62 iliac atherectomies and 1570 superficial femoral artery 

atherectomies in a total cohort of 3135 patients.31 This corresponded to a rate of 1.9% for 

iliac atherectomy and 50% for superficial femoral artery atherectomy, similar to the data 

reported in the present study of 2.9% for aortoiliac atherectomy and 61% for 

femoropopliteal atherectomy.

A Cochrane review comparing atherectomy vs angioplasty for both IC and critical limb 

ischemia indications demonstrated inferior results with atherectomy.32 This was postulated 

to be due to distal embolization. The initial wave of enthusiasm for debulking plaque and 

attaining similar long-term patency without the need for adjunctive stenting led to a surge in 

atherectomy procedures.33,34 More recently, atherectomy has been used in combination with 

drug-coated balloon angioplasty.33,35–37 Nonetheless, evidence for the clinical effectiveness 

of atherectomy is lacking compared with existing balloon angioplasty and stenting. 

Investigators have suggested that the greater reimbursement for atherectomy procedures 

might be associated with the increased use.33,34,38 The VQI lacks robust data, however, 

regarding specific known associated risk factors such as severe calcification, length and 

degree of stenosis or occlusion, and other vessel features. Therefore, confounding factors 

could have been present that led to the use of atherectomy, in particular, unfavorable lesions, 
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and should be remembered when evaluating these data. A targeted evaluation of atherectomy 

and IC outcomes is very challenging to study in a retrospective cohort and a randomized 

prospective trial would be best, which is a consideration for future study.

The SVS practice guidelines espouse grade IA recommendations for multidisciplinary 

comprehensive smoking cessation interventions for patients with IC.8 Despite this 

recommendation, 45% of the cohort were active smokers at the time of intervention. It is 

possible that this was related to the unclear effect of smoking cessation on IC in reported 

studies. Smoking cessation has been shown to improve IC and ankle pressures after exercise 

compared with active smoking.39 Active smoking has also been associated with more severe 

IC pain that occurred sooner during exercise and required longer to subside compared with 

nonsmokers.40 However, a meta-analysis of physical training, smoking cessation, and 

pharmacologic adjuncts for IC concluded that the evidence was weak regarding the 

usefulness of smoking cessation on pain-free and total walking distances.41

A positive correlation between the level of invasiveness of the procedure and smoking 

cessation has been described previously.42,43 The perioperative period is a “window of 

opportunity” to improve the rates of smoking cessation. Patients undergoing endovascular 

approaches are most at risk of continued smoking owing to the minimally invasive nature of 

the procedure. As such, the onus falls on the physician considering an elective procedure for 

IC to ensure that every attempt to facilitate smoking cessation has been exhausted, including 

withholding the intervention until enrollment in a smoking cessation program has been 

pursued.

Study limitations.

VQI data are self-reported and subject to reporting bias. The effects of IC and the treatment 

are not objectively scored, and no validated measures of symptoms or quality of life, such as 

the peripheral artery questionnaire, are included.29 Given that the interventions for IC treat a 

lifestyle limitation, it is important that future studies include an objective measure of the 

degree of lifestyle limitation and the effect of the interventions. Furthermore, regarding 

nonoperative interventions for IC, such as medical therapy, supervised exercise therapy, and 

smoking cessation programs, these are not captured in the VQI PVI module in the present 

iteration and would be of clinical interest in further editions of the PVI module.

Additionally, focusing on the patient-centered outcome of recurrent IC does not allow for 

differentiation between a de novo lesion causing IC vs failure of the treated index vascular 

territory. Thus, a patient could have undergone an iliac intervention only to develop a new 

superficial femoral artery lesion within 2 years that led to the development of symptoms of 

IC recurrence in the face of a patent iliac intervention. Participation in the VQI is voluntary 

and might not be representative of the general population. Patients could also have 

undergone reintervention at another institution outside the VQI and thus not have been 

included in the PVI module. Finally, the PVI dataset captures only the PVIs in the VQI. A 

matched comparison with open peripheral vascular procedures is planned in the future to 

attempt to compare the durability of these two approaches for IC.
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The lack of robust follow-up data is an issue that could have the affected the results by 

skewing data toward patients with poor outcomes. Patients with recurrent symptoms might 

have been more likely to return for follow-up care. Thus, it is possible that centers with low 

follow-up rates were overrepresented by patients with symptom recurrence. This might 

result in falsely elevated rates of repeat procedures and symptom recurrence. The time to IC 

recurrence is a reflection of when the patient returned to the provider because of symptoms. 

Some patients might have delayed their return to the provider, which would have resulted in 

a bias toward a longer time to symptom recurrence. In contrast, the limited length of follow-

up time is likely to have significantly underestimated the recurrence and reintervention rates 

actually experienced by patients.

This possible bias was investigated by performing a sensitivity analysis using only centers 

with >70% follow-up rates at >9 months after intervention. We reanalyzed this cohort, with 

more robust follow-up, using the same criteria as for the overall cohort. Although the results 

of the sensitivity analysis did not meet statistical significance compared with the overall 

cohort, that might have been related to the significantly smaller sample size of the sensitivity 

analysis relative to the overall sample.

CONCLUSIONS

In the VQI database, PVIs for IC were associated with poor 2-year relief of symptoms. 

Furthermore, most patients who had undergone intervention for IC had not been medically 

optimized before the intervention, with high rates of smoking and poor use of antiplatelet 

agents and statins. In the present study, we have demonstrated that PVIs for IC frequently 

fail to meet the recommendations from the SVS guidelines from a patient symptom 

recurrence and medical treatment perspective. These findings suggest areas for 

improvement, including in medical and lifestyle management, patient selection, and the 

technical and anatomic durability outcomes of the procedures. Given the financial incentives 

to treat patients, with particular emphasis on reimbursement for using technologies such as 

atherectomy, we must ensure that clinical decision-making for elective procedures for IC is 

evidence-based and undertaken only once risk factor modification has been aggressively 

pursued.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ARTICLE HIGHLIGHTS

Type of Research:

A retrospective analysis of prospectively collected data from the Vascular Quality 

Initiative of intermittent claudication (IC)

Key Findings:

In a cohort of 16,152 patients who had undergone elective endovascular procedures for 

IC, a large proportion of patients were poorly optimized before undergoing an invasive 

procedure. Furthermore, symptom recurrence was seen in 78% of patients at 2 years and 

was more likely with treatment of more than two arteries (odds ratio [OR], 1.19) and 

atherectomy (OR, 1.29). The use of antiplatelet medications and statins was associated 

with a decreased odds of recurrent symptoms (OR, 0.85) and repeat procedures (OR, 

0.77).

Take Home Message:

Patients undergoing elective procedures for IC should receive aggressive risk factor 

modification before invasive treatment, because symptom recurrence is high and 

associated with poor medical optimization.
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Fig 1. 
Kaplan-Meier estimates for freedom from intermittent claudication (IC) recurrence over 

time. Standard error did not exceed 10%.
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Fig 2. 
Kaplan-Meier estimates for freedom from intermittent claudication (IC) recurrence over 

time. Standard error of 10% for each group: aortoiliac only, 1161 days; aortoiliac/

femoropopliteal, 718 days; femoropopliteal only, 954 days; femoropopliteal/tibial, 614 days; 

tibial only, 426 days.
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Fig 3. 
Kaplan-Meier estimates for freedom from repeat procedures over time. Standard error did 

not exceed 10%.
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Fig 4. 
Kaplan-Meier estimates for freedom from repeat procedures over time. Standard error of 

10% for each group: aortoiliac only, 1650 days; aortoiliac/femoropopliteal, 1006 days; 

femoropopliteal only, 1129 days; femoropopliteal/tibial, 650 days; tibial only, 450 days.

Bath et al. Page 17

J Vasc Surg. Author manuscript; available in PMC 2021 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bath et al. Page 18

Table I.

Demographics and preoperative comorbidities

Variable Mean ± SD or No. (%)

Age, years 66 ± 10.4

Gender

 Male 9852 (61)

 Female 6299 (39)

Race

 White 13,729 (85)

 Black/other 2422 (15)

Coronary artery disease 4361 (27)

Current smoking 7268 (45)

Diabetes 5976 (37)

Discharge without antiplatelet/statin 4522 (28)

Hypertension 13,567 (84)

More than two arteries treated 2261 (14)

Atherectomy 1938 (12)

SD, Standard deviation.
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Table II.

Adjusted analysis for claudication recurrence

Survival model results

P valueVariable HR 95% CI

Smoking 1.06 0.98–1.13 .15

More than two arteries treated 1.19 1.09–1.31 .0001

Atherectomy 1.29 1.08–1.33 .0003

Antiplatelet/statin combined 0.84 0.78–0.91 .0001

Stenting 0.82 0.75–0.88 <.0001

CI, Confidence interval; HR, hazard ratio.
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Table III.

Adjusted analysis for repeat procedures

Variable

Survival model results

P valueHR 95% CI

Smoking 1.05 0.93–1.17 .39

More than two arteries treated 1.25 1.09–1.45 .001

Atherectomy 1.31 1.13–1.52 .0003

Antiplatelet/statin combined 0.77 0.69–0.87 <.0001

Stenting 0.79 0.70–0.89 .0002

CI, Confidence interval; HR, hazard ratio.
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