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Background-—The long-term effectiveness of atherectomy treatment for peripheral arterial disease is unknown. We studied 5-year
clinical outcomes by endovascular treatment type among patients with peripheral arterial disease.

Methods and Results-—We queried the Medicare-linked VQI (Vascular Quality Initiative) registry for endovascular interventions
from 2010 to 2015. The exposure was treatment type: atherectomy (with or without percutaneous transluminal angioplasty [PTA]),
stent (with or without PTA), or PTA alone. The outcomes were major amputation, any amputation, and major adverse limb event
(major amputation or any reintervention). We used the center-specific proportions of atherectomy procedures performed in the
12 months before a patient’s procedure as the instruments to perform an instrumental-variable Cox model analysis. Among
16 838 eligible patients (median follow-up: 1.3–1.5 years), 11% underwent atherectomy, 40% received PTA alone, and 49%
underwent stenting. Patients receiving atherectomy commonly underwent femoropopliteal artery treatment (atherectomy: 65%;
PTA: 49%; stenting: 43%; P<0.001) and had worse disease severity (Trans-Atlantic Inter-Society Consensus score [TASC] B and
greater; atherectomy: 77%; PTA: 68%; stenting: 67%; P<0.001). The 5-year rate of major adverse limb events was 38% in patients
receiving atherectomy versus 33% for PTA and 32% for stenting (log rank P<0.001). Controlling for unmeasured confounding using
instrumental-variable analysis, patients treated with atherectomy experienced outcomes similar to those of patients treated with
PTA, except for a higher risk of any amputation (hazard ratio: 1.51; 95% CI, 1.08–2.13). However, compared with stenting,
atherectomy patients had a higher risk of major amputation (hazard ratio: 3.66; 95% CI, 1.72–7.81), any amputation (hazard ratio:
2.73; 95% CI, 1.60–4.76), and major adverse limb event (hazard ratio: 1.61; 95% CI, 1.10–2.38).

Conclusions-—Atherectomy is used to treat severe femoropopliteal and tibial peripheral arterial disease even though long-term
adverse outcomes occur more frequently after this treatment modality. ( J Am Heart Assoc. 2019;8:e012081. DOI: 10.1161/
JAHA.119.012081.)
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T echnological advances in the endovascular treatment of
peripheral arterial disease (PAD) have spurred the rapid

adoption of newer techniques, such as atherectomy, in

clinical practice.1–3 In particular, atherectomy use grew
disproportionately higher than use of other procedures in
the outpatient setting from 2011 to 2014.4 Atherectomy,
designed to treat advanced and heavily calcified lesions, is an
attractive treatment option because it can remove
atherosclerotic plaque from the vessel wall, thus acting as
a stand-alone treatment or being used to debulk a large
plaque before percutaneous transluminal angioplasty (PTA) or
stenting.1,2,5–9

Despite these theoretical advantages of atherectomy, its
long-term effectiveness remains unclear.1,2,8–12 Real-world
evidence varies, with reports of improved10,13–16 or equiva-
lent8,11,12,17 outcomes compared with traditional treatments
such as PTA or stenting and higher rates of amputation noted
by others.3 Randomized controlled trials of atherectomy6,7,18–26

lack long-term outcome evaluation and are underpowered to
appropriately evaluate atherectomy’s performance against
other endovascular treatments. Consequently, the long-term
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durability of atherectomy remains unknown despite its
widespread use.1,2,8–11,13

In this analysis, our objective was to examine long-term
amputation and major adverse limb event (MALE) rates after
atherectomy compared with more traditional endovascular
treatments. We studied patients within the peripheral vascular
intervention (PVI) module of the Medicare-linked VQI (Vascular
Quality Initiative), a national quality improvement registry in
which patients have been linked to Medicare claims for long-
term outcome assessment. Although traditional risk-adjust-
ment approaches adjust for measured confounders, we used
instrumental-variable (IV) methods to adjust for unmeasured
and measured confounding. Specifically, we used a 2-stage IV
procedure designed for time-to-event outcomes.27,28 We
hypothesized that leveraging the strengths of the Medicare-
linked VQI PVI data set and the novel IV risk-adjustment
methods for time-to-event analysis might reveal new insights
into the impact and role of atherectomy in treating PAD.

Methods

Data Source
Our study used data from the Medicare-linked VQI PVI data
set for procedures performed from January 1, 2010, through
September 30, 2015. Utilizing patient-level data collected as
part of an Agency for Healthcare Research and Quality–listed
Patient Safety Organization,29 the VQI prospectively collects
patient and procedure variables for commonly performed
vascular procedures at >500 centers in the United States and
Canada.30 Through Medicare claims linkage, this data set also
contains long-term follow-up until September 30, 2015, for

linked patients. Prior publications have outlined our matching
algorithms, codes, and success rates.31 The data and analytic
methods for this project are available to other researchers on
request, pending approval by the Research Advisory Commit-
tee at VQI. Our study was approved by the Center for the
Protection of Human Subjects at Dartmouth College, and the
informed consent requirement was waived.

Forming the Analytic Cohort
Between January 1, 2010, and September 30, 2015, the
Medicare-linked VQI PVI data set registered 35 458 PVI
procedures that were eligible for outcomes analysis. We
systematically applied our exclusion criteria to this cohort.
Data on the artery, side, and indication treated were
necessary for inclusion in the study, thus observations
missing these values were dropped (n=2071). We omitted
procedures that were not a primary procedure (eg, reinter-
vention) or in which the aorta, aneurysmal pathology,
asymptomatic indication, or acute ischemia (n=7680) was
treated. We also excluded cases that used an ineligible
treatment type (eg, not PTA, stent, or atherectomy). To apply
this criterion, we retained artery-level data (eg, treatment
type, Trans-Atlantic Inter-Society Consensus [TASC] score) for
only the most severely diseased artery. We defined this artery
as whichever had the highest TASC score or indication per
patient. After excluding cases that did not meet the artery-
level criteria and patients whose IV was based on ≤10
procedures (n=8869), our final analytic cohort included
16 838 patients eligible for analysis.

Measures
The primary exposure was endovascular treatment type
categorized as PTA alone, stenting, and atherectomy. The 2
comparisons of interest were PTA alone versus atherectomy
and stenting versus atherectomy. Stenting procedures include
self-expanding stents, balloon-expandable stents, and stent
grafts. Atherectomy procedures include laser atherectomy,
orbital atherectomy, and excisional atherectomy. Because
PTA is commonly used in conjunction with other interventions,
patients who underwent PTA in addition to atherectomy or
stenting were included in the atherectomy or stenting groups,
respectively. Patients (n=3314) who underwent a combination
of other treatments (eg, stent plus atherectomy), were
excluded from this analysis because our goal was to compare
atherectomy, stent, and PTA treatment strategies.

The main outcomes for this study were major amputation
(any above-ankle amputation), any amputation (major or foot
amputation), and MALE (major amputation or any reinterven-
tion). The Current Procedural Terminology (CPT) codes iden-
tifying these events in Medicare claims are included in

Clinical Perspective

What Is New?

• In our study of >16 000 patients who underwent lower
extremity endovascular intervention, we found that 5-year
rates of amputation and major adverse limb events (major
amputation or any reintervention) following atherectomy
were inferior to stenting in unadjusted, multivariable, and
instrumental-variable analyses.

What Are the Clinical Implications?

• The inferior outcomes and higher cost of atherectomy
relative to other treatment options calls into question the
ubiquitous use of atherectomy in clinical practice.

• Percutaneous transluminal angioplasty and stenting should
remain the first-line endovascular treatments for peripheral
arterial disease until the appropriate indications for atherec-
tomy are identified.
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Table S1. Because the procedure codes do not capture
laterality, we cannot be certain that the amputations identified
in Medicare claims are ipsilateral to where the intervention
occurred. We conducted a sensitivity analysis to see how the
unadjusted hazard ratio (HR) for any amputation changed as
we varied the proportion of contralateral amputations for each
treatment type from 0% to 50% to understand how this
limitation might affect our results. Patient death was identified
using the Social Security Death Index. We abstracted follow-
up data through September 30, 2015, at which point the
patient was censored if he or she did not have an event (major
amputation, any amputation, or MALE) or died.

Statistical Analysis
We used descriptive statistics (counts and percentages) and
tests for statistical significance (v2 tests or ANOVA) to
explore demographic and clinical characteristics among
patients receiving PTA, stent, or atherectomy. We set our
threshold for statistical significance at a 2-tailed P<0.05.
Using the log-rank test, we compared the unadjusted Kaplan–
Meier cumulative event curve estimations for each outcome
stratified by treatment type.

To estimate HRs for each outcome, we built 3 regression
models: unadjusted Cox, multivariable Cox with a random-
effect factor for center, and a 2-stage residual-inclusion IV
Cox model designed for time-to-event outcomes.27 This IV
methodology specifically accounts for unmeasured confound-
ing in Cox proportional hazards models. Please see Data S1
for a description and the code to implement our IV methods.
For IV analysis, we assumed effect homogeneity, that is, the
effect of atherectomy treatment on amputation and MALE is
constant across our study population.32,33 This assumption
allows us to draw a more generalizable, causal inference from
our IV-based results.32,33 To evaluate the sensitivity of our
results, including the homogeneity assumption, we repeated
these analyses in key clinical subgroups including patients
with (1) only 1 artery treated, (2) femoropopliteal treatment,
and (3) diabetes mellitus. All multivariable analyses are
adjusted for patient and lesion characteristics including
demographics, comorbidities, medication use, and symptom
severity. PTA alone or stent served as the reference group for
their respective comparisons. All statistical analyses were
performed using R v3.3 (R Project for Statistical Computing).

The IV for analysis was the historical (12 months before
patient procedure), center-specific proportion of atherectomy
procedures out of all atherectomy and stenting procedures or
all atherectomy and PTA procedures, depending on the
comparison. The IV was calculated for patients whose
treatment center had performed at least 10 procedures in
the 12 months before their case, thus adjusting for the
relative procedure volume at each center. Our instrument

capitalizes on the natural variation in facility treatment
preferences and is commonly used in the medical literature.32

We visually inspected the strength of our instruments by
identifying whether the proportion of patients receiving
atherectomy varied at different levels of each instrument.
This was supported by statistical confirmation using the F
statistic adjusted for measured confounders, for which a value
>10 indicates a strong instrument.34,35 The other IV assump-
tions cannot be verified from the data; therefore, we relied on
our expert’s subject matter knowledge to assess the potential
for an assumption violation (see Data S2 for details).

Results

Study Population
In this cohort of 16 838 patients, 11% underwent atherec-
tomy, 40% received PTA, and 49% received stents (Table 1).
The mean age of patients in the cohort was 72.5 years (SD:
9.9), and 43% were women. Patients receiving atherectomy
are most commonly living independently (93%), white (81%),
and male (61%), a pattern also seen among patients treated
with stenting and PTA.

Relationship Between Diabetes Mellitus and
Smoking in Choice of Treatment Type
Patients who underwent the 3 treatment types differed in the
prevalence of key comorbidities: diabetes mellitus and
smoking. Patients treated with atherectomy were less likely
to be smokers than those receiving stents but were similar to
those who underwent PTA (atherectomy and PTA: 23%
smokers; stent: 35% smokers; P<0.001 for the difference
across the 3 treatment groups). Diabetes mellitus, including
insulin-dependent diabetes mellitus, was equally common
among patients receiving atherectomy or PTA but less
common among patients receiving stents (diabetes mellitus:
PTA, 60%; atherectomy, 60%; stent, 46%; P<0.001).

Relationship Between of Disease Severity and
Choice of Treatment Type
We noted several differences in symptom severity and disease
characteristics among the 3 treatment types (Table 2). Among
patients treated with PTA, the femoropopliteal was the most
commonly treated segment (49%), followed by the tibials (40%)
and then the iliacs (11%). Patients who received stents,
however, were more likely to receive them in the iliac arteries
(53%), followed by the femoropopliteal arteries (43%) and rarely
in the tibials (4%). In patients who underwent atherectomy, the
femoropopliteal segment was most commonly treated (65%),
followed by the tibials (33%) and then the iliacs (1%).
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A significant difference was noted in the distribution of
disease severity across treatment types (P<0.001). PTA was
generally used to treat tissue loss (52%), then claudication
(34%) or rest pain (14%), and stents were mainly used to

treat claudication (56%), then tissue loss (28%) or rest pain
(16%). Atherectomy was equally used to treat claudication
(43%) and tissue loss (43%) and then rest pain (14%). The
pattern of atherectomy use for more severe disease was

Table 1. Demographics and Comorbidities of Patients Who Underwent Atherectomy, Stent, or PTA

Characteristic PTA, n=6718 Stent, n=8229 Atherectomy, n=1891 P Value

Demographics

Age, y, mean (SD) 72.9 (10.3) 71.9 (9.4) 73.1 (10.1) 0.002

Men 3757 (55.9) 4741 (57.1) 1165 (61.1) <0.001

Race

White 5199 (77.4) 7030 (85.4) 1525 (80.6) <0.001

Black 1136 (16.9) 874 (10.6) 277 (14.6) <0.001

Other 383 (5.7) 325 (3.9) 89 (4.7) <0.001

Hispanic or Latino 474 (7.1) 360 (4.4) 85 (4.5) <0.001

Transfer from rehabilitation 418 (6.2) 388 (4.7) 86 (4.4) <0.001

Nursing home 486 (7.2) 366 (4.4) 134 (7.1) <0.001

Comorbidities

Smoking

Never smoked 2139 (31.9) 1321 (16.1) 569 (30.1) <0.001

Prior smoker 3025 (45.0) 4026 (48.9) 894 (47.3) <0.001

Current smoker 1554 (23.1) 2882 (35.0) 428 (22.6) <0.001

BMI (%)

Underweight 306 (4.6) 377 (4.6) 59 (3.1) 0.015

Normal 2118 (31.5) 2739 (33.3) 539 (28.6) <0.001

Obese 2012 (29.9) 2367 (28.7) 602 (31.8) 0.021

Overweight 2282 (34.0) 2746 (33.4) 691 (36.5) 0.032

Hypertension 6140 (91.4) 7372 (89.6) 1741 (92.1) <0.001

Diabetes mellitus 4022 (59.9) 3752 (45.6) 1132 (59.9) <0.001

Insulin-dependent diabetes mellitus 2523 (37.6) 2009 (24.4) 707 (37.4) <0.001

Coronary disease 2078 (30.9) 2613 (31.8) 639 (33.8) 0.059

Heart failure 1665 (24.8) 1510 (18.3) 481 (25.4) <0.001

COPD 1608 (23.9) 2411 (29.3) 471 (24.9) <0.001

Dialysis

None 5673 (84.4) 7642 (92.9) 1638 (86.6) <0.001

Functioning transplant 106 (1.6) 82 (1.0) 17 (0.9) 0.002

On dialysis 939 (14.0) 505 (6.1) 236 (12.5) <0.001

Prior leg bypass 1095 (16.3) 1092 (13.3) 188 (9.9) <0.001

Prior PTA/stent 2604 (38.8) 2756 (33.5) 772 (40.8) <0.001

Medications

Aspirin 4683 (69.7) 5964 (72.5) 1336 (70.6) <0.001

Antiplatelet 2402 (35.7) 2949 (35.8) 791 (41.8) <0.001

b-Blocker 1115 (16.6) 933 (11.3) 265 (14.0) <0.001

Statin 4401 (65.5) 5732 (69.6) 1263 (66.8) <0.001

BMI indicates body mass index; COPD, chronic obstructive pulmonary disease; PTA, percutaneous transluminal angioplasty.
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further noted when we examined the TASC score distribu-
tion, in which 77% of lesions treated with atherectomy were
TASC type B and greater versus 68% for PTA and 67% for
stent (P<0.001).

Outcome Rates at 5 Years by Treatment Type
Patients receiving PTA and atherectomy have similar rates of
adverse outcomes, but patients receiving stents experience
these outcomes less frequently (Figure 1A–1C). The 5-year

major amputation rate was highest for patients receiving PTA
(11.1%) and atherectomy (9.9%). Patients who underwent
stenting had the lowest 5-year major amputation rate at 4.6%,
which is significantly lower than PTA and atherectomy (log
rank, P<0.001; Figure 1A).

A similar effect was seen in any amputation as an outcome,
which included minor toe and forefoot amputations as well as
major (above- and below-knee) amputations (Figure 1B). At 5
years, 20.2% of patients who underwent PTA had an
amputation compared with 19.4% of patients who underwent

Table 2. Disease Characteristics of Patients Who Underwent Atherectomy, Stent, or PTA

Characteristic PTA, n=6718 Stent, n=8229 Atherectomy, n=1891 P Value

Ambulatory status

Ambulatory 4355 (64.8) 6292 (76.4) 1327 (70.2) <0.001

Ambulatory w/assistance 1646 (24.5) 1458 (17.7) 360 (19.0) <0.001

Wheelchair 615 (9.2) 421 (5.1) 188 (9.9) <0.001

Bedridden 102 (1.5) 58 (0.8) 16 (0.9) <0.001

ASA class

1, normal/healthy 78 (1.2) 121 (1.5) 17 (0.9) 0.072

2, mild systemic disease 1134 (16.9) 1745 (21.2) 340 (18.0) <0.001

3, severe systemic disease 4352 (64.8) 5329 (64.8) 1177 (62.2) 0.096

4/5, disease is threat to life/moribund 813 (12.1) 745 (9.0) 253 (13.4) <0.001

Urgency

Elective 5502 (81.9) 7256 (88.2) 1588 (84.0) <0.001

Urgent/emergent 1216 (18.0) 973 (11.8) 303 (16.0) <0.001

Limb indication

Claudication 2286 (34.0) 4608 (56.0) 806 (42.6) <0.001

Rest pain 927 (13.8) 1291 (15.8) 274 (14.4) 0.003

Tissue loss 3505 (52.2) 2322 (28.2) 811 (42.9) <0.001

Number of arteries treated

1 1716 (25.5) 2876 (34.9) 519 (27.4) <0.001

2 2593 (38.6) 3190 (38.8) 646 (34.2) <0.001

≥3 2409 (35.9) 2163 (26.3) 726 (38.4) <0.001

Artery treated

Iliac 742 (11.0) 4372 (53.1) 27 (1.4) <0.001

Femoropopliteal 3305 (49.1) 3555 (43.2) 1237 (65.4) <0.001

Tibial 2671 (39.8) 302 (3.7) 627 (33.2) <0.001

TASC score‡

A 2131 (31.7) 2689 (32.7) 439 (23.1) <0.001

B 1303 (19.4) 1952 (23.7) 462 (24.4) <0.001

C 1010 (15.0) 1366 (16.6) 373 (19.7) <0.001

D 1095 (16.3) 1044 (12.7) 336 (17.8) <0.001

Occlusion length,‡ cm, median (IQR) 1 (0–4) 2 (0–6) 2 (0–8) <0.001

ASA indicates Association of Anesthesiologists; IQR, interquartile range; PTA, percutaneous transluminal angioplasty; TASC, Trans-Atlantic Inter-Society Consensus Document on
Management of Peripheral Arterial Disease.
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atherectomy and 9.1% of patients who underwent stenting
(log rank, P<0.001; Figure 1B).

Differences in MALEs across the 3 treatment types were
not as dramatic but still favored stenting over PTA and
atherectomy (Figure 1C). Patients treated with atherectomy
had the highest 5-year incidence of MALEs, with 37.7%
experiencing a major amputation or reintervention, compared

with 32.6% of PTA patients and 32.4% of stent patients (log
rank, P<0.001; Figure 1C).

Assessing the IVs
Instrument 1 was the center-specific proportion of atherec-
tomy among patients who underwent atherectomy or PTA in
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Figure 1. UnadjustedKaplan–Meierhazardcurvesby treatment type for (A)majoramputation, (B) anyamputation,and (C)majoradverse limbevents in
the overall population. For all graphs, the SEs are <0.10 (10%). MALE indicates major adverse limb event; PTA, percutaneous transluminal angioplasty.
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the 12 months before the patient’s procedure. Looking at the
distribution of patients receiving atherectomy by quintile of
instrument 1, we can see that across quintiles, the proportion
of atherectomy increases as the proportion of PTA decreases
(Figure 2A). This result demonstrates the ability of the
instrument to predict treatment type; the higher the value
of the instrument, the more likely the patient will undergo
atherectomy. The strength of our instrument is confirmed by
the large F statistic F(1,8 608)=2 109.2.

Instrument 2 was the historical center-specific proportion
of atherectomy among patients who underwent atherectomy
or stent in the 12 months before the patient’s procedure.
Across increasing quintiles of instrument 2, we see an
increase in the proportion of atherectomy and a consequent
decrease in stenting, just as we saw with instrument 1
(Figure 2B). Again, this result is confirmed by the F statistic
for instrument 2 F(1,10 119)=1 764.4.

Adjusted HRs for Outcomes After Atherectomy
Versus PTA
Patients treated with atherectomy and PTA generally had
similar risks of major amputation and MALEs, even after
adjusting for key observed covariates and using IV analysis
(Table 3). Although multivariable Cox regression HRs revealed
a 10% to 14% increased risk of adverse outcomes after
atherectomy versus PTA, this finding was not statistically
significant except for MALEs (HR: 1.14; 95% CI, 1.06–1.30).
However, after IV risk adjustment, patients who underwent
atherectomy were 51% more likely to have any amputation
compared with patients treated with PTA (HR: 1.51; 95% CI,

1.08–2.13). In general, this effect remained similar in
magnitude but was not statistically significant in each
subgroup.

Adjusted HRs for Outcomes After Atherectomy
Versus Stent
Compared with stenting, patients who underwent atherec-
tomy had a statistically significant increase in their risk of all
studied adverse outcomes (Table 4). Though random-effects
Cox regression adjustment reduced the unadjusted effect
size, atherectomy patients remained at increased risk for all
outcomes. IV adjustment increased the HR for all outcomes
when atherectomy was compared with stent, even in
subgroup analyses. After accounting for unmeasured con-
founding, atherectomy patients were almost 4 times more
likely than stent patients to have a major amputation (HR:
3.66; 95% CI, 1.72–7.81) and 3 times more likely to have any
amputation (HR: 2.73; 95% CI, 1.60–4.76). They were also
almost twice as likely to experience a MALE (HR: 1.61; 95%
CI, 1.10–2.38) compared with patients receiving stents. The
impact of stent versus atherectomy treatment was estimated
to be of similar magnitude across the clinical subgroups as
well.

Discussion
In our study of >16 000 patients who underwent lower
extremity endovascular intervention, we found that atherec-
tomy was used in >10% of patients treated in our national
registry. However, the 5-year rates of amputation and MALEs
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Figure 2. Proportion of patients receiving atherectomy or PTA by quintile of instrument 1 and atherectomy or stent by quintile of
instrument 2. A, The distribution of treatment delivered to patients by quintile of instrument 1, which is the hospital-specific proportion of
atherectomy delivered among patients receiving atherectomy or PTA in the 12 months before their procedure. B, The distribution of
treatment delivered to patients by quintile of instrument 2, which is the hospital-specific proportion of atherectomy delivered among patients
receiving atherectomy or stent in the 12 months before their procedure. PTA indicates percutaneous transluminal angioplasty.
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following atherectomy were poorer than those for stenting in
unadjusted, multivariable, and IV-adjusted analyses. These
findings persisted even in our subgroup analysis limited to
femoropopliteal lesions and among patients with diabetes
mellitus. Overall, patients who underwent atherectomy were
nearly 4 times more likely to undergo major amputation than
those who underwent stenting, a finding that was consistent
across several subgroup analyses. Although the 95% CIs were
wider for the IV estimates, the lower bound was similar in
estimated direction and magnitude to that reported for the
non-IV adjusted estimates. These results indicate that
although emerging endovascular technologies may be popular
in contemporary practice, the related increased risk of long-
term adverse outcomes may caution against widespread use.

Given the wide variability in the disease characteristics of
patients treated with atherectomy, patient selection likely
plays an important role in which individuals receive which
treatment type. This patient selection can also be associated
with a reduced risk of adverse outcomes. Typically, risk
adjustment will mitigate an effect seen across interventions
when treatment selection bias is present. In our analyses,
however, we found that the HR point estimates for all
outcomes and comparisons increased after IV adjustment.
This means that unmeasured confounders in our study
associated with the likelihood that a patient receives
atherectomy are also associated with a reduced risk of

adverse outcomes. By accounting for this unmeasured factor
or factors, it is possible that we have identified associations
between atherectomy use and the risk of major amputation,
any amputation, or MALE, and this may more accurately
represent the actual treatment effect of atherectomy com-
pared with stenting or PTA.

Endovascular treatments continue to outnumber open
procedures.2,36–38 In light of their growing popularity and
technological developments, it is imperative that thorough
evaluation of long-term outcomes be conducted for new
treatments. Previous observational research and randomized
controlled trials addressing this objective, including 2 meta-
analyses, do not offer sufficient evidence for the superiority of
atherectomy compared with other established treatments
such as PTA or stent.4,6–8,10–26 Nevertheless, these studies do
not consider the long-term effects of atherectomy, a key
element in evaluating different treatment options. We used a
large, national, clinical registry with up to 5 years of patient
follow-up and accounted for unmeasured confounding with an
IV-analysis methodology designed for time-to-event out-
comes27 to address the limitations of the existing evidence,
which spans a large series of papers evaluating atherec-
tomy.1,2,6–11,13,18–26 Our results echo emerging evidence
suggesting that atherectomy can be more harmful than other
endovascular treatments.3 These recent research efforts,
combined with the higher cost of atherectomy relative to

Table 3. Effect of Atherectomy Versus PTA Treatment on Major Amputation, Any Amputation, and MALE Risk

Outcome

Overall (n=8609) 1 Artery Treated (n=2235)
Femoropopliteal Treated
(n=4542) Diabetic (n=5154)

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Major amputation

Unadjusted 0.99 (0.82–1.19) 0.906 1.07 (0.74–1.56) 0.718 0.87 (0.66–1.14) 0.300 0.94 (0.76–1.16) 0.549

Multivariable+RE† 1.14 (0.93–1.39) 0.200 1.18 (0.78–1.79) 0.420 1.13 (0.85–1.52) 0.400 1.08 (0.86–1.35) 0.510

IV‡ 1.38 (0.86–2.22) 0.180 1.91 (0.69–5.30) 0.210 1.10 (0.59–2.05) 0.770 1.19 (0.71–1.99) 0.511

Any amputation

Unadjusted 0.98 (0.85–1.12) 0.744 0.93 (0.70–1.24) 0.634 0.96 (0.79–1.18) 0.709 0.95 (0.82–1.11) 0.553

Multivariable+RE† 1.10 (0.93–1.27) 0.230 1.07 (0.79–1.45) 0.670 1.21 (0.98–1.49) 0.082 1.09 (0.91–1.28) 0.390

IV‡ 1.51 (1.08–2.13) 0.019 2.42 (1.15–5.10) 0.019 1.32 (0.84–2.06) 0.230 1.39 (0.96–2.01) 0.077

MALE

Unadjusted 1.07 (0.94–1.20) 0.304 0.98 (0.78–1.24) 0.882 1.00 (0.86–1.17) 0.968 1.09 (0.94–1.27) 0.246

Multivariable+RE† 1.14 (1.06–1.30) 0.041 1.09 (0.85–1.39) 0.510 1.10 (0.93–1.30) 0.250 1.15 (0.98–1.35) 0.093

IV‡ 1.28 (0.95–1.75) 0.097 1.12 (0.61–2.09) 0.700 1.17 (0.81–1.67) 0.410 1.41 (0.97–2.04) 0.070

HR indicates hazard ratio; IV, instrumental variable; MALE, major adverse limb event; PTA, percutaneous transluminal angioplasty; RE, random effect.
*All HR estimates from Cox regression models. Unless specified (eg, unadjusted) models are adjusted for age, sex, race, ethnicity, transfer from rehabilitation, nursing home living,
smoking, body mass index, hypertension, diabetes mellitus, insulin-dependent diabetes mellitus, coronary disease, chronic obstructive pulmonary disease, congestive heart failure, dialysis,
prior stent or PTA, prior bypass, aspirin, P2Y antagonist use, statin, ambulatory status, procedure urgency, limb indication, number of arteries treated, arterial location, and Trans-Atlantic
Inter-Society Consensus Document on Management of Peripheral Arterial Disease (TASC) score.
†Adjusted model includes random-effects component for center.
‡Adjusted model incorporates instrument (proportion of atherectomy of all atherectomy and PTA procedures performed at center in the 12 months before patient’s procedure).
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other treatment options, cause concern for the ubiquitous use
of atherectomy in clinical practice.3,4,39 PTA and stenting
should remain the primary endovascular treatments for PAD
choices until further research efforts can identify the appro-
priate indications for atherectomy.

Despite our best efforts, this study has limitations. Our
study population was limited to Medicare patients in the VQI;
therefore, our results might not be generalizable to a younger
or more racially diverse cohort of PAD patients. Given small
sample sizes, we did not study any combinations of
endovascular treatment modalities, of which combined stent
and atherectomy use (512 eligible patients) was the largest
and most relevant subgroup. We hope to revisit this question
in future work. Because we included artery-level data for only
the most severe lesion, we cannot fully account for the
interaction of multiple lesions with different severities in 1
patient and its impact on outcomes. We tried to accommo-
date this limitation by comparing our overall results with the
subpopulation of patients who had only 1 artery treated. Even
so, this approach does not fully address this weakness.
Furthermore, we cannot distinguish whether an amputation
was ipsilateral or contralateral to the primary intervention site,
a weakness inherent in the International Classification of
Diseases, Ninth Revision (ICD-9) and CPT codes used to
identify events in Medicare claims. From our sensitivity
analyses, if we assumed that the proportion of contralateral

amputations identified was the same for each treatment type,
then our estimated HRs did not change because we saw the
same relative decrease in the number of any amputations for
both atherectomy (ie, numerator) and PTA or stent (ie, the
denominator). If we assumed that the proportion of contralat-
eral amputations was different for each treatment type, then
we discovered that the proportion of contralateral amputa-
tions could vary in any combination from 0% to 50% for stent
and atherectomy, and atherectomy use would still lead to an
increased risk of any amputation. Consequently, these
sensitivity analyses support the validity of our findings.
Finally, although we thoroughly assessed the validity of our
IV-analysis assumptions and are confident in our instrument
(Data S1), there is no way to unconditionally confirm that all
assumptions are valid. Nevertheless, based on our results for
all patients and key clinical subgroups, we remain assured of
the face validity of our findings. Because of the strong
treatment selection bias in atherectomy use and the lack of
adequate randomized trials addressing this question, the
advantages of IV analytic methods outweigh the potential risk
of residual bias.

Conclusion
Among >16 000 patients who underwent lower extremity
endovascular intervention, we found that 1 in 3 patients who

IV Analysis of Atherectomy Outcomes Ramkumar et al

Table 4. Effect of Atherectomy Versus Stent Treatment on Major Amputation, Any Amputation, and MALE Risk

Outcome

Overall (n=10 120) 1 Artery Treated (n=3395)
Femoropopliteal Treated
(n=4792) Diabetic (n=4884)

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Major amputation

Unadjusted 2.94 (2.38–3.57) <0.001 2.86 (1.92–4.24) <0.001 1.60 (1.19–2.12) 0.001 2.27 (1.78–2.86) <0.001

Multivariable+RE† 1.49 (1.18–1.92) 0.001 1.60 (1.00–2.63) 0.052 1.50 (1.10–2.04) 0.010 1.35 (1.02–1.79) 0.033

IV‡ 3.66 (1.72–7.81) <0.001 8.39 (2.10–33.60) 0.003 2.32 (1.16–4.62) 0.017 2.71 (1.21–6.07) 0.015

Any amputation

Unadjusted 2.44 (2.13–2.86) <0.001 2.34 (1.74–3.15) <0.001 1.34 (1.10–1.63) 0.004 2.05 (1.72–2.44) <0.001

Multivariable+RE† 1.23 (1.03–1.47) 0.019 1.24 (0.88–1.75) 0.220 1.27 (1.02–1.59) 0.033 1.20 (0.99–1.47) 0.068

IV‡ 2.73 (1.60–4.76) <0.001 4.48 (1.57–12.81) 0.005 1.85 (1.15–2.99) 0.012 2.79 (1.51–4.94) <0.001

MALE

Unadjusted 1.32 (1.16–1.47) <0.001 1.13 (0.78–1.65) 0.272 1.15 (0.98–1.35) 0.077 1.30 (1.12–1.52) <0.001

Multivariable+RE† 1.21 (1.06–1.41) 0.004 1.15 (0.90–1.47) 0.280 1.14 (0.97–1.35) 0.120 1.18 (0.99–1.41) 0.065

IV‡ 1.61 (1.10–2.38) 0.015 1.46 (0.75–2.86) 0.260 1.43 (0.99–2.05) 0.055 1.50 (0.92–2.45) 0.100

HR indicates hazard ratio; IV, instrumental variable; MALE, major adverse limb event; PTA, percutaneous transluminal angioplasty; RE, random effect.
*All HR estimates from Cox regression models. Unless specified (eg, unadjusted) models adjusted for age, sex, race, ethnicity, transfer from rehabilitation, nursing home living, smoking,
body mass index, hypertension, diabetes mellitus, insulin-dependent diabetes mellitus, coronary disease, chronic obstructive pulmonary disease, congestive heart failure, dialysis, prior
stent or PTA, prior bypass, aspirin, P2Y antagonist use, statin, ambulatory status, procedure urgency, limb indication, number of arteries treated, arterial location, and Trans-Atlantic Inter-
Society Consensus Document on Management of Peripheral Arterial Disease (TASC) score.
†Adjusted model includes random-effects component for center.
‡Adjusted model incorporates instrument (proportion of atherectomy of all atherectomy and stent procedures performed at center in the 12 months before patient’s procedure).
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underwent atherectomy had a MALE within 5 years. After IV
adjustment, patients who underwent atherectomy were nearly
4 times more likely to undergo major amputation than those
who underwent stenting. These findings call into question the
long-term utility of atherectomy for PAD and the role it should
play in the management of patients being considered for
lower extremity revascularization.
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SUPPLEMENTAL MATERIAL 



 

Data S1. 

 

Two-Stage Instrumental Variable Methodology 

In this work, we used the two-stage residual inclusion individual frailty (2SRI-F) algorithm.1 

We conducted two comparisons (PTA vs. atherectomy and stent vs. atherectomy) through two 

different IVs. The algorithm is as follows: 

 

1. Compute the IVs as the preference of using one treatment (T1 or T2) vs the 

reference (T0). For measuring treatment preference in one moment, we considered the 

surgeries done in the same facility in the year (12 months) prior to a patients’ procedure 

and computed the center-specific historical proportion of surgeries using one particular 

therapy (e.g. number of stent procedures / total number of stent and atherectomy 

procedures). We saved this proportion (denoted IV1 and IV2) and the number of 

surgeries performed in each hospital the last year, denoted VL. 

 

2. [First Stage]. We performed a standard linear regression model to estimate the 

parameters of the treatment assignment model. In this model, we included the IV for the 

given treatment comparison and all measured covariates including the total number of 

surgeries performed to account for the relevant surgical experience of the hospital. That 

is, 

  [1] 

where  is a binary random variable indicating which of the treatment j (j=1,2) and 

treatment 0, IVj is the instrumental variable relevant to these two treatments,  



 

are K measured covariates and  is the total number of relevant surgeries performed in 

the past 12-months. 

3. We saved the residuals from the previous model: . 

4. [Second Stage] We performed a proportional hazards Cox regression model with 

individual frailties including the covariates in [1] and the residuals, Rj. 

We performed the 2-SRI-F procedure twice, once for the PTA vs. atherectomy comparison using 

IV1, and again for the stent vs. atherectomy comparison using IV2.  

 

R code 

1. Computing the IV for comparing treatments T1 and T2 [N is the sample size] 

IVP1= sapply(1:N,function(i) {I=which(data$center==data$center[i] & as.numeric(data$start[i]-

data$start)<= 365.24 & as.numeric(data$start[i]-data$start)> 0)  sum(data$trt[I]==1)/sum(data$trt[I]==1 | 

data$trt[I]==2)}) 

data$nprev1= IVP[1,] 

data$iv1= IVP1 

 

2. First Stage. [We adjusted data.t1 to just include two considered therapies and tr2 is 

defined appropriately]. Notice that the sample size, n1, just considers the two treatments. 

 

S1= lm(trt2 ~ iv1 + race + age + … + htn +nprev1, data=data.t1) 

 

data.t1$PRE= as.numeric(predict(S1,data.t1)) 

data.t1$RES= data.t1$trt2 - data.t1$PRE 

 

3. Second Stage. [survival package is required] 



 

 

tsA<-  coxph( Surv(timeAny,eventAny)~ trt2 +  race + age + … + RES + nprev1 + 

frailty(1:n1,dis="gauss"), data=data.t1) 

 

  



 

Data S2. 

 

Instrumental Variable Assumption Assessment 

The generalizability and validity of our IV findings depends on the strength with which we 

can make three key assumptions about our instrument. These assumptions are that our 

instrument: 1) has a causal effect on the exposure 2) only affects the outcome through the 

exposure 3) does not share common causes with the outcome. If these assumptions are held, then 

the effect we observed can be causal.2 We found that our instruments were strongly associated 

with our exposure, treatment type, as evidenced by the large F-statistic values and increasing use 

of atherectomy for patients who receive treatment at centers with a high proportion of 

atherectomy procedures. The other IV assumptions cannot be verified from the data; hence, we 

relied on the expert knowledge of vascular surgery across our team to identify any potential 

assumption violations. Because our instrument is so strongly related to the exposure, any 

proposed alternative link between the instrument and outcome was ultimately related through the 

treatment type. We included total procedural volume as a covariate in our IV analyses to help 

justify the assumption that a hospital’s experience with a given procedure is unrelated to patient 

outcomes after conditioning on observed covariates. Conditioning on total volume stops the 

presence of a general surgical volume learning effect from violating the third assumption, 

making a procedure specific learning effect the only threat to the validity of the IV. There is no 

evidence in the literature of a procedure-specific learning effect for endovascular PAD treatment 

and long-term outcomes. Thus, after careful consideration of each assumption, we are confident 

in the validity of our instrument and IV results.  

 

 



 

Table S1. CPT codes used to identify outcomes in Medicare Claims  

 

Outcome CPT Codes 

Major Amputation 27590 

27591 

 

27592 

27880 

 

27881 

 

27882 

 

28805 

Any Amputation Major amputation codes 

+ 

28810 

 

28820 28825   

Major Adverse Limb Event 

(major amputation OR 

reintervention) 

Major amputation codes 

+  

35521 

35351 

35355 

35361 

35363 

35537 

35538 

35539 

35540 

35541 

35546 

35539 

35548 

35549 

35551 

35563 

35565 

35621 

35623 

35637 

35638 

35646 

35647 

35651 

35654 

35661 

35663 

35665 

35302 

35303 

35304 

35305 

35306 

35371 

35372 

35533 

35556 

35558 

35566 

35571 

35583 

35585 

35587 

35656 

35666 

35671 

35681 

35682 

35683 

35879 

35881 

35883 

35884 

35452 

35454 

35472 

35473 

35481 

35482 

35491 

35492 

35456 

35459 

35470 

35474 

35483 

35485 

35495 

37205 

37206 

37208 

36200 

36245 

36246 

36247 

36248 
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