
Index Atherectomy Peripheral Vascular Interventions Performed 
for Claudication are Associated with More Reinterventions than 
Non-Atherectomy Interventions R1WC: 380/3505

Qingwen Kawaji, MD, ScM1, Chen Dun, MHS2, Christi Walsh, MSN, CRNP3, Rebecca A. 
Sorber, MD2, David P. Stonko, MD, MS2, Christopher J. Abularrage, MD3, James H. Black 
III, MD3, Bruce Alan Perler, MD, MBA3, Martin A. Makary, MD, MPH2,4, Caitlin W. Hicks, MD, 
MS3

1Department of Plastics and Reconstructive Surgery, Johns Hopkins University School of 
Medicine, Baltimore, MD

2Department of Surgery, Johns Hopkins University School of Medicine, Baltimore, MD

3Division of Vascular Surgery and Endovascular Therapy, Johns Hopkins University School of 
Medicine, Baltimore, MD

4Johns Hopkins Carey Business School, Johns Hopkins University, Baltimore, MD

Abstract

Objective: Despite limited evidence supporting atherectomy alone over stenting/angioplasty as 

the index peripheral vascular intervention (PVI), the use of atherectomy has rapidly increased in 

recent years. We previously identified a wide distribution of atherectomy practice patterns among 

US physicians. The aim of this study was to investigate the association of index atherectomy with 

reintervention.

Methods: 100% Medicare fee-for-service claims were used to identify all beneficiaries 

who underwent elective first-time femoropopliteal peripheral vascular intervention (PVI) for 

claudication between 1/1/2019–12/31/2019. Subsequent PVI reinterventions were examined 

through 6/30/2021. Kaplan-Meier curves were used to compare the rate of PVI reinterventions 

for patients who received index atherectomy vs. non-atherectomy procedures. Reintervention rates 

were also described for physicians by their overall atherectomy use (by quartile). A hierarchical 

Cox proportional hazard model was used to evaluate patient and physician-level characteristics 

associated with reinterventions.
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Results: A total of 15,246 patients underwent index PVI for claudication in 2019, of which 

59.7% were atherectomy. After a median of 603 days (IQR 77, 784) of follow-up, 41.2% of 

patients underwent a PVI reintervention, including 48.9% of patients who underwent index 

atherectomy vs. 29.8% of patients who underwent index non-atherectomy (P<0.001). Patients 

treated by high physician users of atherectomy (quartile 4) received more reinterventions 

than patients treated by standard physician users (quartiles 1–3) (56.8% vs. 39.6%, P<0.001). 

After adjustment, patient factors association with PVI reintervention included receipt of index 

atherectomy (aHR 1.33, 95% CI 1.21–1.46), Black race (vs. White, aHR 1.18, 95% CI 1.03–1.34), 

diabetes (aHR 1.13, 95% CI 1.07–1.21), and urban residence (aHR 1.11, 95% CI 1.01–1.22). 

Physician factors associated with reintervention included male sex (aHR 1.52, 95% CI 1.12–2.04), 

high-volume PVI practices (aHR 1.23, 95% CI 1.10–1.37), and physicians with high use of 

index atherectomy (aHR 1.49, 95% CI 1.27–1.74). Vascular surgeons had a lower risk of PVI 

reintervention than Cardiologists (vs. Vascular, aHR 1.22, 95% CI 1.09–1.38), Radiologists (aHR 

1.55, 95% CI 1.31–1.83), and other specialties (aHR 1.59, 95% CI 1.20–2.11). Location of 

services delivered was not associated with reintervention (P>0.05).

Conclusions: The use of atherectomy as an index PVI for claudication is associated with higher 

PVI reintervention rates compared to non-atherectomy procedures. Similarly, high physician users 

of atherectomy perform more PVI reinterventions than their peers. The appropriateness of using 

atherectomy for initial treatment of claudication needs critical reevaluation.

Table of Contents Summary:

Atherectomy was associated with more reinterventions in this retrospective analysis of 15,246 

patients who underwent index femoropopliteal peripheral vascular interventions for treatment of 

claudication. These findings suggest the critical need for re-evaluation of atherectomy use for 

claudication.
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Introduction

Current professional guidelines recommend that intermittent claudication be managed 

initially with antiplatelet therapy, statin therapy, smoking cessation, optimization of 

comorbid medical conditions, and supervised exercise therapy1. With optimal medical 

therapy, less than 5% of patients with claudication eventually progress to chronic limb 

threatening ischemia1. However, a subset of patients with claudication experience lifestyle-

limiting symptoms that can severely impede their quality of life. When intervention is 

needed, endovascular therapy is widely accepted as the initial intervention of choice, and 

may include balloon angioplasty, stenting or atherectomy1.

Although some studies have shown that atherectomy decreases rates of bail-out stenting 

after balloon angioplasty2–5, there have been no data showing a significant advantage in 

patency or limb salvage outcome for atherectomy compared to other peripheral vascular 
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interventions (PVI) alone5–10. Furthermore, use of atherectomy is associated with distal 

embolization with varying reported rates and clinical significance8,11. Current guidelines 

regard atherectomy as non-superior to other PVI technologies for definitive therapy of most 

femoropopliteal lesions (Grade C level of evidence) with the exception of in-stent restenosis 

treatment (Grade B level of evidence)12,13.

Atherectomy has contributed to the rising rate of PVIs in the US, particularly in outpatient 

settings14. We have previously described a wide distribution of physician practice patterns 

for the use of atherectomy during index femoropopliteal PVI among Medicare beneficiaries 

in 2019, ranging from 0% to 100%15. $240.6 million (90%) of 2019 Medicare spending for 

PVI was for atherectomy, which comprised only 54% of PVI cases15. Given these data, there 

is a critical need for comparative effective analyses evaluating the efficacy of atherectomy 

vs. non-atherectomy PVI therapies for the treatment in PAD in specific subsets of patients16.

The aim of this study was to investigate the association of index femoropopliteal 

atherectomy performed for claudication with subsequent PVI reintervention among 

Medicare beneficiaries. We used the same Medicare patient cohort from our initial 

atherectomy analysis and analyzed data for up to 30 months post-intervention15.

Methods

Study Cohort

We used 100% Medicare fee-for-service claims to identify Medicare beneficiaries who 

underwent index PVI (balloon angioplasty, stenting or atherectomy) for claudication 

between January 1, 2019, to December 31, 2019, using Current Procedural Terminology 

codes (Supplementary Table 1). Patients who had prior femoropopliteal PVI, prior diagnosis 

of acute limb ischemia within one year prior to intervention, less than 12 months enrollment, 

missing demographic information were excluded15. We also excluded patients with chronic 

limb-threatening ischemia at the time of index reintervention to reduce the heterogeneity of 

our longitudinal study cohort (Supplementary Table 2).

The Johns Hopkins University School of Medicine Institutional Review Board approved the 

study. Informed consent was waived as this was a retrospective analysis of claims data.

Outcomes

All patients’ data were captured from the time of their index PVI until the first repeat PVI 

date, patient death date, or end of study follow-up period (06/30/2021), whichever came 

first. The primary outcome of the study was any repeat PVI performed after the index PVI 

(termed reintervention; Supplementary Table 3). Secondary outcomes included subsequent 

open surgical bypass and subsequent major amputation (Supplementary Table 4).

Main Exposure of Interest

Patients were stratified based on their index femoropopliteal intervention procedure 

into index atherectomy and index non-atherectomy groups. Patients who underwent any 

atherectomy during their procedure (alone or with concomitant balloon angioplasty or stent) 

were defined as receiving an atherectomy PVI. Otherwise, the procedure was classified as a 
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non-atherectomy PVI. This definition was applied for both index procedures (Supplementary 

Table 1) as well as reintervention procedures, although reintervention CPT codes were 

expanded to include both femoropopliteal and tibial PVI (Supplementary Table 3).

As a secondary analysis, patients were also stratified based on whether or not their 

index PVI was performed by a high atherectomy physician user vs. standard atherectomy 

physician user. We previously reported the national distribution of the physician-level 

atherectomy metric in a histogram and divided physicians into quartiles on the basis of their 

proportion of atherectomy use15. Physicians who fell in quartile 4 (performed atherectomy 

in ≥87.5% of cases) were classified as high atherectomy physician users. Physicians who fell 

in quartiles 1–3 (performed atherectomy in 0–87.4% of cases) were classified as standard 

atherectomy physician users.

Other Patient and Physician Covariates

We have previously described our classification of patient demographics and comorbidities 

and physician practice patterns in detail15. All patient and physician characteristics in 

the current analysis were derived from 2019 claims data to be consistent with our initial 

analysis.

In brief, patient demographic data including age, sex, race and ZIP code were collected 

from 2019 Medicare Master Beneficiary Summary File17. State, census region of residence, 

and population density of residence were determined using Federal Information Processing 

Standard (FIPS) code and core-based statistical area (CBSA) codes with the aid of the 

CBSA to FIPS County Crosswalk18,19. Patient comorbidities were identified using patients’ 

claims within one year prior to their index PVI.

Physicians were identified using the National Provider Identification (NPI) number. Only 

physicians who performed greater than 10 index PVI procedures during the study period 

were included in the analysis according to our data use agreement with the Centers for 

Medicare and Medicaid. Physician characteristics including sex, years since graduation from 

medical school, primary specialty, region of practice, population density of practice, number 

of patients treated with index PVI, and settings of services delivered were obtained from 

Medicare Data on Provider Practice and Specialty (MD-PPAS) and the Medicare Physician 

National Downloadable File17,20. Medicare Data on Provider Practice and Specialty data 

reports summary statistics on each physician’s number of service line items rendered for 

Medicare beneficiaries by setting each year, which we used for estimating a physician’s 

percentage of services delivered in a freestanding ambulatory surgical center (ASC) or 

office-based laboratory (OBL).

Statistical Analysis

We performed two levels of analysis for this study. The first was a patient-level analysis, 

which included all patients who underwent index femoropopliteal PVI for claudication in 

2019. The second was a physician-level analysis, which analyzed reintervention rates for 

patients treated by high atherectomy physician users (quartile 4) vs. standard atherectomy 

physician users (quartiles 1–3). The physician-level analysis was limited by our data user 
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agreement; physicians who performed ≤10 femoropopliteal PVI during the study period 

were excluded from the analysis.

For both analyses, descriptive statistics were used to describe patient demographic, 

comorbidity, residency characteristics, and physician characteristics. We used Kaplan-Meier 

curves to estimate the cumulative incidence of reinterventions for patients who received 

index atherectomy PVI vs. index non-atherectomy PVI (patient-level analysis); and for 

patients treated by high atherectomy physician users vs. standard atherectomy physician 

users (physician-level analysis). We compared the incidence of reintervention for each 

group using log-rank tests. We compared the overall proportion of patients who underwent 

subsequent open interventions and major amputation between groups using Chi-squared 

tests.

We then used hierarchical cox proportional hazard models to assess patient- and physician-

level characteristics associated with reintervention. Patient characteristics were included 

as the first level in the model and included receipt of index atherectomy PVI (vs. index 

non-atherectomy PVI), age, sex, race, comorbidities, population density of residence, and 

census region of residence. Physician level characteristics were included as the second 

level in the model and included sex, years since medical school graduation, census region 

of practice location, population density of practice location, primary specialty, number of 

patients treated with index femoropopliteal PVI, overall percentage of services delivered in 

ASC or OBL, and physician quartile for index atherectomy use. We used robust standard 

error estimates to account for patient clustering within a given physician.

Notably, intervention laterality is coded in the Medicare database, but there is a large amount 

of missing data around this. We therefore performed a sensitivity analysis limited to patients 

who had intervention laterality coded at the time of their index intervention and follow-

up reinterventions. Cumulative ipsilateral reintervention rates were compared for patients 

who underwent index atherectomy vs. non-atherectomy PVI, and for high atherectomy vs. 

standard atherectomy physician users, using Kaplan-Meier curves and log-rank tests.

All statistical analysis was performed using SAS Enterprise version 7.1 (SAS Institute, 

Cary, North Carolina). All analyses were two-sided, and P<0.05 was defined as statistically 

significant.

Results

Patient-Level Analysis

There were 15,246 patients who underwent index PVI for claudication included in the 

analysis, 9,100 (59.7%) of whom received index atherectomy. After a median of 603 days 

(IQR 77, 784) of follow-up, 41.2% of patients underwent a PVI reintervention, including 

48.9% of patients who underwent index atherectomy vs. 29.8% of patients who underwent 

index non-atherectomy (P<0.001). The estimated 2.5-year incidence of reintervention was 

51.4% (95% CI 49.7%, 53.1%) in the index atherectomy group vs. 32.7% (95% CI 30.9%–

34.5%) in the index non-atherectomy PVI group (P<0.001; Figure 1) Baseline demographic, 
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comorbidity, and residency characteristics of patients who underwent a reintervention vs. 

those who did not are shown in Table 1.

Of the patients who underwent reintervention, 69.7% received atherectomy for their 

reintervention. 85.7% of patients who received index atherectomy also received a 

reintervention atherectomy, whereas 30.9% of patients who received index non-atherectomy 

PVI received subsequent reintervention atherectomy (Figure 2A; P<0.001). The median 

time to first reintervention overall was 56 days (IQR 24, 240 days), including 48 days 

(IQR 21, 201 days) in the index atherectomy group vs. 105 days (IQR 29, 316) in the 

index non-atherectomy PVI group (P<0.001; Table 2). The mean number of reinterventions 

performed during the study period was higher for patients who received index atherectomy 

vs. those who did not (2.54±2.42 vs. 1.95±1.67; P<0.001).

The frequency of open surgical interventions after index PVI for claudication was low 

overall (N=289, 1.9%), and did not significantly differ between the index atherectomy 

vs. Non-atherectomy PVI groups (P=0.86). Major amputation occurred in 0.22% of index 

atherectomy patients and 0.37% of index non-atherectomy patients (P=0.65).

Physician-Level Analysis

There were 9,414 patients treated by physicians who performed >10 PVI procedures during 

the study years. 62.4% patients were treated with index PVI for claudication by standard 

atherectomy use physicians and 37.7% were treated by high atherectomy use physicians. 

The estimated 2.5-year incidence of reintervention was 60.0% (95% CI 56.7%–63.6%) in 

the high atherectomy use physician group vs. 42.4% (95% CI 40.5%–44.3%) in the standard 

atherectomy physician use group (P<0.001; Figure 3). Of those patients who underwent 

reintervention, reintervention with atherectomy was more common for patients who were 

treated by a high atherectomy physician user compared to those treated by a standard 

atherectomy physician user (94.3% vs. 61.3%; P<0.001; Figure 2B).

Hierarchical Regression Analysis

The crude (unadjusted) hazard ratio (HR) for reintervention was higher for patients who 

received index atherectomy vs. those who received index non-atherectomy PVI (HR 1.85, 

95% CI 1.72, 1.99). The crude HR for reintervention for highest quartile of atherectomy 

use physicians vs. lowest quartile of atherectomy use physicians was 2.37 (95% CI 2.15, 

2.61). After adjusting for patient- and physician-level characteristics (Table 3), the HR for 

reintervention was persistently higher for patients who received index atherectomy vs. those 

who received index non-atherectomy PVI (adjusted HR 1.33, 95% CI 1.21, 1.46) and for 

highest quartile of atherectomy physician user vs. lowest quartile of atherectomy physician 

user (aHR 1.49, 95% CI 1.27, 1.74). Other patient factors associated with reintervention 

included Black race (vs. White, aHR 1.18, 95% CI 1.03, 1.34), urban residence (aHR 

1.11, 95% CI 1.01, 1.22), and diabetes (aHR 1.13, 95% CI 1.07, 1.21). Other physician 

factors associated with reintervention included male sex (aHR 1.52, 95% CI 1.12, 2.04) and 

high-volume PVI practices (aHR 1.23, 95% CI 1.10–1.37). Vascular surgeons had a lower 

risk of PVI reintervention than Cardiologists (vs. Vascular, aHR 1.22, 95% CI 1.09–1.38), 
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Radiologists (aHR 1.55, 95% CI 1.31–1.83), Cardiothoracic Surgery (aHR 1.51, 95% CI 

1.08, 2.13), and other specialties (aHR 1.59, 95% CI 1.20–2.11).

Cost Analysis

Overall, $129,209,234 USD was reimbursed by Medicare for initial claudication PVI 

and subsequent reinterventions during the study period. Of this, $118,745,943 USD was 

reimbursed for index femoropopliteal atherectomy and $10,463,291 USD was reimbursed 

for index non-atherectomy PVI. Medicare reimbursement was significantly higher for 

reinterventions after index atherectomy vs. non-atherectomy PVI, both overall ($41,932,458 

vs. $2,840,478) and on a per-patient basis ($9,427 per patient vs. $1,551 per patient) (both, 

P<0.001; Table 4)

Sensitivity Analysis

A sensitivity analysis limited to patients who had intervention laterality coded at the time 

of their index PVI was similar to the overall analysis. Patients who underwent index 

atherectomy had a higher estimated 2.5-year incidence of ipsilateral reintervention compared 

to the index non-atherectomy PVI group (24.7% vs. 16.6%, P<0.001; Supplementary Figure 

1A). The estimated 2.5-year incidence of ipsilateral reintervention was also persistently 

higher in the high atherectomy use physician group vs. the standard atherectomy physician 

use group (30.4% vs, 20.5%; P<0.001; Supplementary Figure 1B).

Discussion

Despite limited evidence supporting atherectomy over balloon angioplasty/stenting alone 

during index PVI2–4,6–10, the use of atherectomy has rapidly increased in recent years21–24. 

We previously identified a wide distribution of atherectomy practice patterns among 

US physicians15. The aim of this study was to investigate the association of index 

femoropopliteal atherectomy with reintervention among patients with claudication. We 

found that, compared to claudication patients who received an index non-atherectomy PVI, 

claudication patients who received an index atherectomy are more likely to undergo another 

PVI and their first reintervention is more likely to be a repeat atherectomy. Furthermore, 

claudication patients treated by high atherectomy physician users were more likely to require 

a reintervention, and that reintervention was also more likely to be atherectomy. Overall, 

our data suggest that the efficacy and appropriateness of using atherectomy for index 

femoropopliteal interventions for the treatment of claudication needs critical reevaluation.

Our finding that index atherectomy was associated with more frequent reinterventions than 

other index PVI therapies is concerning, but consistent with recent literature showing a non-

superior effect of atherectomy on patency compared to balloon angioplasty with or without 

stenting5,10,25. In a 2020 Cochrane review evaluating the effectiveness of atherectomy 

compared to other PVI therapies, Wardle et al. found no significant difference in six-month 

and twelve-month primary patency or mortality rates between atherectomy and balloon 

angioplasty or stenting, with or without drug-eluting therapy10. Atherectomy was associated 

with a slightly lower risk of dissection and need for bailout stenting, although this was based 

on very low-certainty evidence10. These findings are supported by a 2021 meta-analysis by 
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Wu et al., which evaluated the efficacy and safety of atherectomy for patients with de novo 

femoropopliteal lesions. This more recent meta-analysis found that atherectomy did not 

improve primary patency, target lesion revascularization, mortality, or ankle brachial index 

compared to plain balloon angioplasty alone5.

In our study, we found no significant differences in open surgery or major amputation risk 

for index atherectomy vs. non-atherectomy PVI, but higher rates of reintervention with 

atherectomy. Our data suggests that not only is atherectomy not superior to alternative 

PVI therapies, but when applied to femoropopliteal lesions for claudication it is associated 

with a 33% higher risk of reintervention. Bath et al. showed similar results in an 

analysis of Vascular Quality Initiative Data; among patients who underwent index PVI 

for claudication between 2004 to 2017, use of atherectomy was associated with shorter 

time to claudication recurrence and more repeat procedures compared to non-atherectomy 

therapies26. Mukherjee et al. have also documented that 42.7% of office-based and 

36.9% of hospital outpatient-based patients who underwent femoropopliteal atherectomy 

for claudication had a repeat PVI within 18 months27, which is aligned with the 51.4% 

reintervention rate at 2.5 years that we report. Overall, there is limited evidence endorsing 

the benefits of atherectomy over other endovascular therapies for femoropopliteal disease, 

and the high reintervention rates relative the historically low risk of disease progression 

associated with claudication raises questions about its application in non-limb threatening 

disease1.

Although there is lack of evidence indicating superiority of atherectomy compared to other 

endovascular treatments for peripheral artery disease, current practice patterns continue 

to show an increase in atherectomy procedures, especially in the outpatient setting15. 

Several studies have also reported on the trend of early PVI in claudicants15,21,28. In 

a study by Siracuse et al. using commercial insurance from 2007 to 2016, atherectomy 

use in the ambulatory setting increased from 0.7% in 2007 to 29% in 2016, with a 

reported 57.5% atherectomy use in ASC/OBLs in 201621. In the current study, we found 

that 59.6% of patients received atherectomy as their index intervention for claudication, 

which is similar to the prevalence reported by Siracuse et al21. While physicians working 

primarily at ASCs or OBLs were associated with a higher risk of reintervention after PVI 

on unadjusted analysis, this association was attenuated after risk adjustment. Outpatient 

settings have previously come under scrutiny for overuse of high-paying technologies 

including atherectomy15,23,24. The current data suggest that post-atherectomy outcomes for 

claudication are not significantly related to site of service.

Our study identified an increasing risk for reintervention among physicians with high 

index atherectomy use. Risk of reintervention in patients who were treated by the highest 

atherectomy users was 49% higher than patients treated by first quartile atherectomy 

physician users. Furthermore, high atherectomy physician users were more likely to employ 

atherectomy during reinterventions than standard users. There are a number of prior reports 

documenting outlier behavior in PVI. Sheaffer et al. have shown that one percent of vascular 

surgeons received an inordinate amount of total Medicare payments to the specialty in 2016, 

largely due to disproportionate use of atherectomy29. We have previously shown that a 

small subgroup of physicians received disproportionately higher payments from Medicare 
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for PVI in 2019 than their peers, also largely as a result of seemingly high atherectomy 

use practices15. Whether these observations reflect a higher or more complex burden of 

disease, a difference in specialty representation, or non-efficacious or inappropriate use of 

atherectomy by a small subset of physicians is unclear.

In addition to index treatment modality and physician atherectomy use patterns, we also 

found a significant association of physician specialty with reinterventions for claudication. 

It is well documented that a wide variety of physician specialists perform PVIs for 

claudication21,30. Our analysis found that vascular surgeons had a lower risk of PVI 

reintervention compared to cardiologists, radiologists, and other specialties. The reasons 

behind this are likely multifactorial. We previously found that radiologists and cardiologists 

are more likely to be high atherectomy users than vascular surgeons, indicating a 

specialty preference associated with atherectomy15. Cardiologists are trained in the use of 

atherectomy for percutaneous coronary interventions, as vessel preparation with atherectomy 

is known to be associated with better outcomes in the setting of severely calcified coronary 

lesions31–33. As a result, cardiologists may have more of a training bias toward the use 

of atherectomy than vascular surgeons16. It is also possible that other specialties are not 

as aware of the treatment algorithm for claudication as vascular surgeons; while the use 

of medical management as the first-line treatment for claudication is a core component of 

vascular curriculum34, it may not be as prominent in the fields of radiology or cardiology. 

The higher rates of reintervention PVIs for claudication among non-vascular specialties is 

concerning, and deserves additional, dedicated investigation.

Limitations to our study include the inherent limitations of Medicare fee-for-service claim 

data, which does not include data on symptom severity, indication for intervention, or 

vascular anatomy (lesions location, length, severity of calcification). Due to lack of anatomic 

data, our study cannot address the possibility that more severe patient disease, rather 

than atherectomy use, drove the differences in PVI technology selection and need for 

reintervention. The database also does not have information on indication for reintervention; 

we captured endovascular and open reinterventions using claims codes, but specific patient 

data such as symptom recurrence, restenosis, or other indications for reintervention are not 

captured. It is possible that not all reinterventions occurred on the ipsilateral side from 

the index PVI. We performed a sensitivity analysis that showed consistent results in a 

subgroup of patients with intervention laterality, but there is a large amount of laterality 

data missing in the claims database. We used CPT does to identify procedures; we do not 

have further information regarding specific technologies used (plain balloon angioplasty 

versus drug coated balloon, bare metal stent versus drug eluting stent). We are also unable 

to comment on medication management prior to or after initial intervention. Aspirin is 

frequently not prescribed and therefore not reliably available in claims database, and if we 

were to limit our analysis to patients with Medicare Part D (medication claims), our sample 

size would drop by more than half35. Finally, the data we report is specific to patients who 

underwent index femoropopliteal interventions for claudication; we focused our analysis 

on this population to decrease study heterogeneity. We did not evaluate reinterventions 

following index tibial interventions for claudication or among patients receiving index PVI 

for chronic limb-threatening ischemia. The strengths of our study include our use of a 

national database with a large sample size, our use of very contemporary data (2019 through 
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June 2021), and our ability to track patients longitudinally from their index atherectomy 

through follow-up.

Conclusions

The use of atherectomy during index PVI performed for claudication is associated with more 

reintervention rates compared to other non-atherectomy technologies. High physician users 

of atherectomy and non-vascular surgeons also perform more PVI reinterventions than their 

peers. The appropriateness of using atherectomy for initial treatment of claudication needs 

critical reevaluation.
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Article Highlights:

Type of Research:

Retrospective analysis of Medicare fee-for-service claims data.

Key Findings:

9100 patients treated with atherectomy during their index femoropopliteal peripheral 

vascular intervention for claudication were at 33% higher risk for reintervention 

compared to 6146 patients who received non-atherectomy index femoropopliteal 

peripheral vascular interventions.

Take home Message:

Atherectomy use in index femoropopliteal peripheral vascular interventions for the 

treatment of claudication needs critical re-evaluation.
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Figure 1. 
Kaplan-Meier Curve Showing Cumulative PVI Reinterventions for Patients Who Underwent 

Index Femoropopliteal Atherectomy vs. Non-Atherectomy Peripheral Vascular Intervention
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Figure 2. 
Proportion of Patients Undergoing Reintervention after Index PVI who Received an 

Atherectomy vs. Non-Atherectomy Reintervention Stratified By Index Intervention Type 

(Panel A) and Index Physician Atherectomy Use (Panel B)
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Figure 3. 
Kaplan-Meier Curve Showing Cumulative Reinterventions for Patients Who Underwent 

Index Femoropopliteal Peripheral Vascular Intervention by High Atherectomy Physician 

Users (High) vs. Standard Atherectomy Physician Users (Standard)
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Table 3.

Hierarchical Cox Proportional Hazards Model Assessing Patient- and Physician-Level Characteristics 

Associated with PVI Reinterventions after Femoropopliteal PVI in the Medicare Population, 2019–2021

Covariate Unadjusted Hazard Ratio (95% CI) Adjusted Hazard Ratio (95% CI)

Patient-Level Characteristics

Index PVI

 Atherectomy 1.85 (1.72, 1.99) 1.33 (1.21, 1.46)

 Non-Atherectomy Ref Ref

Age (years)

 ≤64 1.05 (0.94, 1.18) 1.01 (0.90, 1.14)

 65–74 Ref Ref

 75–84 1.08 (1.01, 1.16) 1.06 (0.99, 1.14)

 ≥85 0.99 (0.87, 1.10) 0.92 (0.82, 1.04)

Sex

 Female 1.00 (0.94, 1.06) 0.96 (0.91, 1.03)

 Male Ref Ref

Race

 White Ref Ref

 Black 1.33 (1.22, 1.45) 1.18 (1.03, 1.34)

 Asian 1.20 (0.89, 1.62) 0.91 (0.67, 1.23)

 Hispanic 1.65 (1.42, 1.93) 1.04 (0.87, 1.23)

 Other 1.31 (1.10, 1.56) 1.20 (1.00, 1.44)

Comorbidities

 ESRD 1.13 (1.05, 1.21) 1.03 (0.95, 1.12)

 Diabetes 1.21 (1.14, 1.28) 1.13 (1.07, 1.21)

 Hypertension 1.04 (0.94, 1.14) 1.01 (0.92, 1.11)

 Smoking 0.92 (0.86, 0.98) 0.96 (0.90, 1.03)

Population density of residence

 Urban 1.16 (1.09, 1.27) 1.11 (1.01, 1.22)

 Rural Ref Ref

Census region of residence

 Midwest 0.89 (0.82, 0.97) 0.92 (0.69, 1.23)

 Northeast 0.84 (0.76, 0.93) 0.87 (0.59, 1.28)

 South Ref Ref

 West 1.31 (1.21, 1.42) 1.44 (1.03, 2.01)

 Other 1.72 (0.55, 5.34) 9.50 (2.44, 36.99)

Physician-Level Characteristics

Sex

 Male 1.79 (1.33, 2.38) 1.52 (1.12–2.04)

 Female Ref Ref

Years since medical school graduation

 ≤10 0.92 (0.76, 1.12) 1.04 (0.83, 1.30)
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Covariate Unadjusted Hazard Ratio (95% CI) Adjusted Hazard Ratio (95% CI)

 11–20 1.16 (1.07, 1.25) 1.05 (0.93, 1.20)

 21–30 1.08 (0.99, 1.17) 1.02 (0.91, 1.14)

 ≥31 Ref Ref

Census region of practice location

 Midwest 0.90 (0.83, 0.98) 1.11 (0.83, 1.50)

 Northeast 0.85 (0.76, 0.94) 1.06 (0.73, 1.55)

 South Ref Ref

 West 1.28 (1.19, 1.39) 0.82 (0.58, 1.17)

 Other 0.63 (0.09, 4.43) 0.08 (0.02, 0.32)

Population density of practice location

 Urban Ref Ref

 Rural 0.94 (0.83, 1.06) 0.97 (0.82, 1.15)

Primary specialty

 Vascular surgery Ref Ref

 Cardiology 1.26 (1.18, 1.35) 1.22 (1.09, 1.38)

 General surgery 0.90 (0.76, 1.06) 0.99 (0.80, 1.23)

 Radiology 1.82 (1.64, 2.02) 1.55 (1.31, 1.83)

 Cardiothoracic surgery 1.44 (1.16, 1.79) 1.51 (1.08, 2.13)

 Other 1.81 (1.51, 2.17) 1.59 (1.20, 2.11)

Number of patients treated with index femoropopliteal PVI

 11–14 Ref Ref

 15–22 1.17 (1.06, 1.28) 1.11 (0.99, 1.24)

 23–189 1.49 (1.37, 1.62) 1.23 (1.10, 1.37)

Overall percentage of services delivered in ASC or OBL

 0–39% Ref Ref

 40–70% 1.12 (1.03, 1.21) 1.07 (0.96, 1.20)

 71–100% 1.43 (1.32, 1.54) 1.10 (0.96, 1.24)

Physician quartile for index atherectomy use

 Q1 Ref Ref

 Q2 1.31 (1.17, 1.47) 1.06 (0.92, 1.22)

 Q3 1.72 (1.54, 1.91) 1.22 (1.05, 1.42)

 Q4 2.37 (2.15, 2.61) 1.49 (1.27, 1.74)

PVI, peripheral vascular intervention; ESRD, end-stage renal disease; ASC, ambulatory surgical center; OBL, office-based laboratory
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Table 4.

Medicare Reimbursement (USD) For Patients who Underwent Index Femoropopliteal Intervention for 

Claudication Stratified by Receipt of Index Atherectomy (2019–2021)

Index Atherectomy PVI (N=9,100) Index Non-Atherectomy PVI (N=6146)

Overall, total costs $118,745,943 $10,463,291

Index procedure, total costs $76,813,486 $7,622,813

Reinterventions, total costs $41,932,458 $2,840,478

Reinterventions, costs per patient $9,427 $1,551
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