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Abstract

Objectives: To comprehensively summarize the evidence quality and clinical outcomes following peripheral atherectomy in
patients with and without chronic limb-threatening ischemia (CLTI). Methods: A PRISMA- and MOOSE-compliant system-
atic literature review (Medline, Embase, PubMed) identified original research published through November 2024 evaluating
atherectomy for peripheral endovascular revascularization. Randomized and non-randomized controlled studies, prospective
and retrospective studies, and claims analyses were included. Primary outcomes were distal embolization, provisional stenting
and 12-month primary patency, target lesion revascularization, major amputation, and all-cause mortality across 4 patient
cohorts based on CLTI prevalence. Results: Thirteen papers reported on outcomes in claudicants and 25 reported on CLTI.
Mixed cohorts of >0% to <50% CLT| were reported in 97 papers and 250% to <100% CLTI in 51. Most designs were observational
(89.0%) and 8.3% were randomized; 41.4% were prospective. Effectiveness was generally consistent across CLTI prevalence;
patency was 68.4% in claudicants, 78.4% in the >0% to <50% CLTI cohort, 76.0% in the 250% to <100% CLTI cohort, and 82.8%
in patients with CLTI. Major amputation and mortality increased with CLTI prevalence: 0.6%, 0.9%, 4.1%, and 5.8% for ampu-
tation and 0.3%, 2.1%, 6.1%, and 5.0% for mortality, respectively. Distal embolization and provisional stenting rates were low,
particularly in the 100% CLTI cohort (1.6% and 4.6%, respectively). Discussion: Atherectomy provided consistent results in
both CLTI and claudication, with favorable safety outcomes compared to previously published reports of other endovascular
techniques. Conclusion: The body of evidence supports atherectomy as a vessel preparation tool in endovascular procedures

across a range of disease severity.
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Chronic limb-threatening ischemia (CLTI) is associated with
high morbidity and mortality, with reported 1-year amputation
and mortality rates of 22% in patients not undergoing revas-
cularization.! Prompt revascularization is therefore critical
both to alleviate symptoms and reduce the risk of amputation.

While global guidelines support revascularization in patients
with CLTI,>* the most safe and effective approach remains
unclear. For the endovascular approach, angioplasty and
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stenting can improve amputation-free survival in patients
with CLTI compared to surgical bypass.® However, the effec-
tiveness of endovascular intervention may be challenged by
the presence of calcification,® which is common in patients
with CLTL.”® Complex lesions, including calcified lesions and
total occlusions, are also more prone to residual stenosis and
the need for provisional stenting in order to achieve optimal
periprocedural outcomes.”'
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Vessel preparation with atherectomy may improve outcomes
in complex lesions by reducing plaque burden and the impact of
barotrauma with angioplasty alone, favorably impacting vessel
compliance, enlarging the treated lumen, and improving vessel
wall apposition of drug-coated devices." In turn, reduced residual
stenosis lessens the need for permanent stenting and thereby
preserves future treatment options,’>** which is particularly
important in patients with CLTT at high risk for recurrence.
In a meta-analysis of 10 randomized trials and observational
studies evaluating atherectomy prior to balloon angioplasty for
the treatment of infrapopliteal lesions, the use of atherectomy
resulted in significantly lower rates of clinically driven target
lesion revascularization (TLR) and major amputation compared
to angioplasty alone.’* However, more data is needed on the use
of atherectomy in patients with CLTI, particularly real-world
evidence that reflects a diverse range of patients, lesions, and
operator experience.'

The objective of this systematic literature review and
meta-analysis was to provide a comprehensive overview of
the literature evaluating atherectomy in patients with and
without CLTI, including both the quality of the compiled
evidence and 12-month clinical outcomes.

Methods

Eligibility criteria, information sources, and search strategy

A full description of the methods has been previously report-
ed.” APRISMA- and MOOSE-compliant'®" systematic literature
review of Medline, Embase, and PubMed identified 322 original
research articles published through November 2024 evaluating
atherectomy (with or without adjunctive therapies) for per-
cutaneous revascularization of de novo or restenotic lesions
in infrainguinal, native, peripheral arteries. Randomized and
non-randomized controlled studies, single-arm prospective
studies, retrospective series, database/claims analyses, and case
reports were included in the search. Review articles, letters, con-
ference abstracts, books, trade journals, non-English language,
and non-human interventions were excluded. Full-text articles
meeting the inclusion criteria were each read by 2 reviewers
and discrepancies were resolved by consensus. Original authors
were not contacted.

Assessments and definitions

The predetermined primary outcomes assessed were the
12-month rates of primary patency, TLR, major amputation,
and all-cause mortality, as well as clinically significant distal
embolization and the use of provisional (unplanned) stents. For
this analysis, primary patency was defined as angiographic or
duplex ultrasound patency (<50% angiographic stenosis or peak
systolic velocity ratio of <2.4) and/or by the absence of TLR. CLTI
at baseline was classified as Rutherford classification categories
(RCC) 4 through 6, or as designated in the original study. Severe
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calcification was defined according to the individual study reports,
or as Peripheral Arterial Calcium Scoring System grade 4 when

available. Distal embolization was considered clinically significant

if it was identified by the original investigators or required inter-
vention; instances of filter capture not necessitating intervention
were excluded from the meta-analysis. Provisional stenting was

defined as unplanned stenting for suboptimal results (eg, residual
stenosis >30%, flow-limiting dissection, or perforation). Studies

that did not define the reasons for stenting were excluded from

the provisional stenting analysis. All additional data points were

captured according to the definitions provided in the primary
sources. Use of adjunctive therapies such as uncoated angioplasty

balloons, drug-coated balloons (DCBs), and planned stents was

captured and has been previously reported.”

In a post-hoc secondary analysis, outcomes were stratified
based on the prevalence of CLTI in the published study cohorts.
Four cohorts were assessed: (1) papers evaluating 100% claudicant
patients; (2) papers evaluating 100% CLTI patients; (3) papers
evaluating mixed cohorts including >0% to <50% CLTI patients;
and (4) papers evaluating mixed cohorts including >50% to
<100% CLTT patients.

Statistics

Baseline demographic, lesion, and procedural characteristics
were evaluated with descriptive statistics. Meta-analyses, case
reports, redundant studies, and those not reporting the outcomes
of interest were excluded from the meta-analysis. Database/claims
analyses on overlapping patient cohorts were excluded from the
quantitative meta-analysis to prevent redundant reporting; in
those cases, the most complete and current analysis was selected.
The meta-analysis of predefined outcomes used a random effects
model.* Kaplan-Meier survival estimates or cumulative incidences
were treated as proportions by multiplying the survival estimate
(or cumulative incidence) by the sample size to approximate
the number of events, possibly resulting in a non-integer value.
When at least one value for the number of events contained a
non-integer value, normal approximation confidence intervals
were used. Heterogeneity was assessed using Cochran’s Q-statistic
and I? test; heterogeneity was deemed “substantial” for I? values
250% and “considerable” for I? values >75%.2 Risk of bias testing
has been previously reported for the primary analysis.” Tests
of statistical significance were not employed due to inherent
heterogeneity of the data. All analyses were performed using R
version 4.4.0 and the meta package version 7.0-0.20:

Ethical statement

Ethical approval was not required for this systematic review
and meta-analysis of published literature. Drs Carr, Langhoff,
and Secemsky had full access to all the data in the study and
take responsibility for the integrity of the analysis. The authors
received no funding from the sponsor to write this article.
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TABLE 1. BASELINE CHARACTERISTICS

Overall analysis®” All CLTI CLTI All
claudicant >0 to <50% 250% to <100% CLTI
CLTI presence (%) 44.1+30.1 0.0 27.4 117 63.8+11.4 100.0
(123,231) [180] (2366) [13] (76,932) [97] (37,864) [51] (6069) [25]
Lesion length (mm) 114.8 + 59.2 94.6 + 48.2 124.9 + 60.5 116.1+ 62.3 114.3+52.4
(15,716) [135] (1107) [8] (8915) [63] (3104) [31] (879) [13]
Severe calcification (%) 38.4+27.6 55.6 + 41.8 343229 42.4+29.1 413+441
(9413) [73] (703) [4] (4522) [44] (3488) [21] (474) [6]
Any calcification (%) 71.8 +29.0 74.2 +25.1 69.5 + 27.5 84.0 +20.2 56.0 + 40.8
(10,836) [88] (953) [7] (5414) [42] (2950) [22] (578) [9]
Total occlusions (%) 46.4 +30.4 17.0 £17.9 41.3 +27.3 48.2+24.0 56.0 + 31.3
(17,192) [144] (1049) [7] (7660) [66] (5043) [38] (2208) [19]
TASC C/D lesions (%) 55.3 + 29.0 8.8+15.2 53.7 + 25.2 58.6 + 25.7 81.5+29.6
(6562) [73] (135) [2] (2294) [36] (3390) [23] (286) [9]

Data are presented mean + standard deviation (number of patients) [number of studies], referring to the unweighted mean of the originally published means or percentages.

Abbreviation: CLTI, chronic limb-threatening ischemia.

100%

Atherectomy types among the 180
papers included in the CLTI sub-anal-

£ 8% 43.1% ysis consisted of 39.2% directional (71
s [l ATK Lesions 0 .
. 0 papers), 21.5% rotational (39 papers),
5 60% 84.6% 76.3% 44.0% i
o 9.8% BTK Lesions 17.1% laser (31 papers), 8.3% orbital
% 0% Mixed Cohorts (15 papers), and 13.8% mixed classes
s %  47.19 (ATK/BTK) (25 papers). Counts sum to 181 due to
- 21% S 36.0% Papers).
15.4% 21.6% multiple subgroups reported in one
" .
All Claudicant ~ CLTI>0-<50%  CLTI250% -<100%  100% CLTI paper.? Study designs were 15 papers
N=13 Papers N=97 Papers N=51 Papers N=25 Papers of randomized controlled trials (8.3%),

FIGURE 1. Disease level in chronic limb-threatening ischemia (CLTI) and claudicant cohorts. Per-
cent of papers evaluating above-the-knee (ATK) lesions, below-the-knee (BTK) lesions, or both ATK

lesions and BTK lesions.

Results

The primary results of this systematic review and meta-analysis
have been previously reported.” A total of 322 papers reporting
on atherectomy outcomes and meeting the inclusion criteria were
included in the overall systematic review. Among those, 180 unique
papers were included in the CLTI sub-analysis. These included 13
papers evaluating 100% claudicant patients, 25 papers evaluating
100% CLTI patients, 97 papers evaluating mixed cohorts including
>0% to <50% CLTI patients, and 51 papers evaluating mixed cohorts
including 250% to <100% CLTI patients. Individual counts sum to
186 due to multiple subgroups in 6 papers. The papers included
in each cohort are listed in Appendix 1. Excluded from the 322
papers in the overall systematic review!” were 12 meta-analyses,
48 case reports, 30 redundant papers (eg, sequential follow-up
or subgroup results from an already reported study), 13 claims
analyses with overlapping cohorts, and 39 papers not reporting
the proportion of CLTI patients enrolled.
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161 observational studies (89.0%), and
5 claims analyses (2.8%). One paper
included both randomized and obser-
vational components.* Seventy-four
studies were prospective (41.1%). Ad-
junctive therapies following atherectomy were used in 91.6%
(153/167) of studies reporting that information, most commonly
uncoated balloon angioplasty (40.6%), DCBs (43.8%), or bare
metal stents (10.0%).

Baseline lesion and disease severity characteristics are shown
in Table 1. Most studies evaluated mixed populations, including
both claudicant and CLTI cohorts. In the CLTI >0% to <50% cohort,
an average of 27.4 + 11.7% of patients presented with CLTI vs 63.8
+11.4% in the CLTI 250% to <100% cohort. Lesion characteristics
were relatively similar across cohorts, with the exceptions of
shorter lesions in the 100% claudicant cohort (94.6 + 48.2 mm),
higher average calcification in the CLTI 250% to <100% cohort
(84.0 + 20.2%), higher severe calcification in the claudicant co-
hort (55.6 + 41.8%), and a greater prevalence of total occlusions
(56.0+31.3%) and TASC C/D lesions (81.5+29.6%) in the 100%
CLTI cohort. Figure 1 shows the proportion of above-the-knee
(ATK) disease and below-the-knee (BTK) disease across the 4
cohorts evaluated. In the 100% CLTI cohort, 20.0% of papers
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B Al Studies 100% Claudicant

M CLTI 250%-<100% [l 100% CLTI

CLTI >0-<50%

study of directional atherectomy followed by
standard angioplasty.* Patency rates trended
higher for cohorts with greater proportions

of CLTI patients, with 82.8% patency (95%
CI 68.8-93.3%) in the 8 papers evaluating
100% CLTI cohorts. TLR was 15.6% overall
(95% CI 12.7-18.7%) in the meta-analysis
of 67 papers with 4783 patients. TLR was
7.6% (95% CI 0-28.4%) in the 3 papers pre-
senting on 100% claudicant cohorts,+>
but similar across cohorts with increasing
proportions of CLTI patients (14.3%, 13.9%,
and 13.4%, Figure 2B). The meta-analyzed
major amputation rate was 1.7% overall (95%
CI1.0-2.6%) with rates generally increasing
with increasing proportions of CLTI patients

A. Primary Patency B. TLR C. Major Amputation
100 40 4 20
3 8 ,
H * N\ 828 30 A 15
= 78.4
g 754 N\ 4 76.0
% 60 68.4
3 20 4 10
3 I
= 40
=
§ 15.6 |\
k 10 4 143 [139 Y134 5 4.1
20
| 17 0
L 06 0.
Y
0 0 0 -
# Papers 51 3 23 12 8 # Papers 67 3 38 12 5 # Papers 7 4 30 20 10
#Patients 4806 805 2168 586 637 #Patients 4783 106 2982 694 214 #Patients 65160 1030 61838 1134 439

D. All-Cause Mortality E. Distal Embolization

F. Provisional Stenting

in the population, from 0.6% in the 100%
claudicant cohort (95% CI 0.0-4.6%) to 5.8%
in the 100% CLTI cohort (95% CI1.4-13.0%).
Similarly, 12-month all-cause mortality was

20 20 4 40 1

2.8% overall (95% CI 1.8-4.1%), increasing
R ] wl from 0.3% (95% CI 0.0-3.3%) to 5.0% (95%
: CI 0.9-12.1%) in the 100% claudicant and
52 100% CLTI cohorts, respectively. The rates
§ 10 10 2 1 of clinically significant distal embolization
H 61 120 were similar across cohorts and low overall
g 5 - - *9'3 l}w.a* o (2.2%, 95% CI1.7-2.7%). Provisional stenting
+3‘8 |21 22 }2.3 21 *5-3 o #4.6 was 9.3% overall (95% CI7.4-11.4%) across 131
lr0-3 | | * studies with 13,890 patients; numerically
# Pape?s 8 3 29 15 1 # Pape?s 189 7 79 3% 20 # Pape?s 181 5 64 3 15 lower rates were observed in the 100% CLTI

# Patients 63568 106 61488 993 370 #Patients 24114 854 14609 5127 1624 #Patients 13890 791 6166 4835 848

cohort (4.6%, 95% CI1.0-10.7%). Considerable

FIGURE 2. Clinical and periprocedural outcomes. Twelve-month meta-analyzed rates of primary
patency (A), target lesion revascularization (TLR) (B), major amputation (C), all-cause mortality (D),

as well as clinically significant distal embolization (E) and provisional stenting

proportion of patients presenting with chronic limb-threatening ischemia (CLTI). Results for the “All

Studies” data have been previously reported.”

included only ATK lesions, 44.0% included only BTK lesions,
and 36.0% enrolled patients with either ATK or BTK lesions. In
the 100% claudicant cohort, 84.6% of studies enrolled patients
with ATK disease while 15.4% enrolled mixed cohorts of either
ATK or BTK disease.

Twelve-month and periprocedural outcomes are shown in
Figure 2 and Appendix 2. Overall results have been previously
reported.” Primary patency was 75.4% (95% confidence interval [CI]
71.1-79.4%) overall, based on the total meta-analysis of 51 papers
comprising 4806 patients.” Patency was 68.4% (95% CI 52.2-82.6%)
for the 3 papers evaluating 100% claudicant populations. Individual
rates were 54.3% in the CELLO laser atherectomy study,? 68.8%
the DEFINITIVE AR severely calcified cohort evaluating directional
atherectomy followed by DCB,?* and 78.0% in the DEFINITIVE LE
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or substantial heterogeneity was observed
for most meta-analyzed rates (Appendix 2).

Results stratified by artery level are
included in Table 2 for outcomes with a
sufficient number of papers available for
sub-stratification analysis. Of note, only 3 to
4 studies were available for the evaluation of
12-month clinical results among those that exclusively evaluated
BTK disease. Patency was similar in papers that evaluated CLTI
patients with BTK disease (78.3%) compared to papers including
mixed cohorts with ATK disease (78.4% for the CLTI >0 to <50%
group and 78.6% for the CLTI >50% to <100% group). In the CLTI
>50% to <100% group, TLR was 8.6% for ATK disease cohorts (6
papers with 233 patients) vs 22.4% for BTK disease cohorts (3
papers with 111 patients). Among the 100% CLTI cohort, mortality
was higher in papers evaluating BTK disease (7.7% across 3 papers)
vs papers evaluating ATK disease (3.7% across 4 papers). The rates
of clinically significant distal embolization were similarly low
across most subsets evaluated. Provisional stenting rates were
lower in BTK disease than in ATK disease, consistent with the
previously published overall analysis."”

rates (F) based on the
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TABLE 2. META-ANALYZED RATES AND CONFIDENCE INTERVALS BASED ON ARTERY LEVEL

Above-the-knee only

Below-the-knee only

CARR, ET AL.

Any level allowed

12-month primary patency

100% claudicant -(2) --(0) -(2)

CLTI >0 to <50% 78.4 [71.7, 84.4] (22) {2015} --(0) -- (1)

CLTI 250% to <100% 78.6 [74.7, 82.3] (8) {443} -(2) -(2)

100% CLTI -2 78.3 [61.4, 91.3] (4) {318} -2
12-month target lesion revascularization

100% claudicant 7.6 [0.0, 28.4] (3) {106} --(0) --(0)

CLTI >0 to <50% 14.0 [10.0, 18.5] (32) {2576} --((0) 15.7[9.0, 23.8] (6) {406}
CLTI >50% to <100% 8.6 [5.4,12.5] (6) {233} 22.4[14.1,32.0] (3) {111} 16.7[8.1, 27.6] (3) {350}
100% CLTI --(2) -(2) --(1)
12-month major amputation

100% claudicant 0.0 [0.0, 0.9] (3) {106} --(0) - (1)

CLTI >0 to <50% 0.4[0.1,1.1] (23) {60,465} - (1) 2.8 [1.4, 4.7] (6) {1355}
CLTI 250% to <100% 4.5[1.2,9.6] (9) {393} 1.4[0.0,5.7] (3) {99} 5.0 [2.2, 8.9] (8) {642}
100% CLTI 1.1[0.0, 7.9] (4) {56} -(2) 7.5[0.3, 23.1] (4) {280}
12-month all-cause mortality

100% claudicant 0.3[0.0, 3.3] (3) {106} --(0) --(0)

CLTI >0 to <50% 2.2[1.0,3.9] (24) {60,674} - (1) 2.0 [0.1, 6.1] (4) {796}

CLTI 250% to <100%

5.4[2.5,9.2] (8) {471}

6.5 [2.6,11.9] (3) {107}

6.6 [1.7, 14.4] (4) {415}

100% CLTI

3.7[0.0,15.3] (4) {56}

7.7 [0.0, 27.1] (3) {219}

3.9 [0.0,18.9] (4) {95}

Clinically significant distal embolization

100% claudicant

2.2[0.3,5.7] (6) {256}

--(0)

)

CLTI >0 to <50%

2.6 [1.8, 3.6] (59) {7327}

-(2)

1.1[0.5, 2.0] (18) {7140}

CLTI 250% to <100%

2.0 [0.6, 4.1] (15) {988}

0.9 [0.1, 2.5] (3) {756}

3.0 [1.6, 4.9] (18) {3383}

100% CLTI

4.3[0.7,10.5] (4) {65}

1.4 [0.2,3.9] (9) {551}

1.2 [0.0, 4.5] (7) {1008}

Provisional stenting

100% claudicant

17.5[8.5, 28.9] (4) {193}

~(0)

-0

CLTI >0 to <50%

11.7[8.3, 15.6] (52) {4359}

- (@)

7.6 [1.7,17.2] (11) {1606}

CLTI 250% to <100%

10.7 [5.5, 17.4] (14) {916}

3.5 [0.2,10.9] (4) {345}

13.0 [8.2, 18.7] (15) {3574}

100% CLTI

0.0 [0.0, 2.3] (3) {41}

4.0 [1.0, 8.9] (7) {355}

10.2[0.2, 32.4] (5) {452}

Data are presented as meta-analyzed rate [95% confidence interval] (number of papers) {number of patients} for analyses including at least 3 papers. Analyses including fewer

« »

than 3 papers are marked as “--" with the number of papers indicated in (parentheses). “Any level allowed” refers to studies that allowed inclusion of either above-the-knee

disease or below-the-knee disease.

Abbreviation: CLTI, chronic limb-threatening ischemia.

Sub-stratification of outcomes based on class of atherectomy
device is shown in Appendix 3. Only directional and rotational
atherectomy had sufficient data for meta-analysis across most
clinical outcomes; the pattern of results was consistent with
the overall analysis. Results based on device class in the full
meta-analysis have been previously published.”
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Discussion

Atherectomy can be used to prepare the vessel for definitive
treatment and has a large volume of published data spanning
over 35 years.”” However, more data are needed to understand the
safety and effectiveness of atherectomy based on disease severity.
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This systematic review and meta-analysis evaluated the quality
and outcomes of atherectomy studies in patients with claudica-
tion, CLTI, or in mixed cohorts based on CLTI prevalence. While
heterogeneity was observed across studies in this intentionally
broad review, study cohorts with increased prevalence of CLTI
patients exhibited expectedly longer lesions compared to 100%
claudicant cohorts as well as a greater proportion of patients with
total occlusions and TASC C/D lesions. Of note, the evaluation of
CLTI across the published studies was not restricted to BTK dis-
ease; 20% of papers that evaluated CLTI enrolled only ATK lesions.

Despite exhibiting higher lesion complexity, increasing CLTI
prevalence did not dramatically worsen 12-month effectiveness,
with overlapping confidence intervals observed for both the TLR
rates and the primary patency rates across the 4 cohorts evaluated.
Patency was also similar regardless of artery level, with nearly
identical rates in CLTI BTK disease cohorts compared to ATK cohorts
regardless of the prevalence of CLTI. In fact, patency rates trended
higher in the CLTI cohort (82.8%) compared to the claudicant co-
hort (68.4%), although this trend must be interpreted with caution
given the lack of significance testing and a small sample size in
the claudicant cohort. In the prospective, 47-center DEFINITIVE
LE study, the 12-month rates of primary patency (defined as peak
systolic velocity ratio <2.4) following directional atherectomy
were 78.0% (95% CI 74.0-80.6) in the claudicant cohort vs 71.0%
(95% CI 64.6-76.5) in the CLTI cohort in the overall analysis.* In
the infrapopliteal subset of DEFINITIVE LE, 1-year primary pa-
tency was 84% in claudicants and 78% in CLTI patients (P = .11).28
The meta-analyzed 12-month TLR rates in the current analysis
were also similar across the CLTI subgroups, at 14.3% among 38
atherectomy studies with >0 to <50% prevalence of CLTI patients
compared to 13.9% among 12 studies with 250% to <100% CLTI
patients, suggesting a minimal impact of CLTI presence on TLR.
However, the presence of BTK disease (vs ATK disease) appeared
to have a greater impact on effectiveness than CLTI prevalence
alone: among papers including 250% to <100% CLTI patients, TLR
was 8.6% for ATK disease (6 papers) and 22.4% for BTK disease (3
papers). In comparison to angioplasty, a 52-study meta-analysis of
uncoated balloon angioplasty without atherectomy for infrapopliteal
disease reported 1-year repeat revascularization rates of 16% in
cohorts consisting of <80% RCC 5/6 patients vs 21.3% in cohorts
with =80% RCC 5/6 patients, with a similar pattern reported for
primary patency (66.7% vs 56.3%, respectively).” Effectiveness
outcomes in the current atherectomy meta-analysis therefore
appear better than meta-analyzed outcomes of standard balloon
angioplasty, with CLTI prevalence exhibiting less of a detrimental
effect on outcomes than artery level.

Pure CLTI cohorts were evaluated in relatively few studies.
One-year primary patency was 82.8% across 8 studies while
the 1-year TLR rate was 13.4% across 5 studies. In the LIBERTY
360 study of patients with CLTI treated with uncoated balloon
angioplasty, orbital atherectomy, and/or stents, the 12-month
cumulative incidence of target vessel revascularization was
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27.9%.%° A meta-analysis of 44 studies (8602 CLTI patients)
reported worse 1-year primary patency rates than the current
atherectomy meta-analysis in infrapopliteal lesions (50% for
bare metal stents, 73% for drug-eluting stents, and 66% for
uncoated balloon angioplasty), and similar patency rates for
uncoated balloon angioplasty in superficial femoral artery
lesions (86%).* The 1-year TLR rate of 13.4% in the current anal-
ysis also compares favorably to patients treated with paclitaxel
DCBs without atherectomy in a large, global registry (14.1% in
RCC 4-5 patients).®> However, comparisons are difficult since
the current analysis included both uncoated balloon and DCB
adjunctive therapies. For example, of the 5 studies reporting
1-year TLR in pure CLTI cohorts, adjunctive therapies consisted
of DCB, plain old balloon angioplasty, or specialty balloons.*%
Nonetheless, these results are encouraging and suggest that
vessel preparation with atherectomy provides similar or better
effectiveness in CLTI populations compared to other endovas-
cular technologies.

Use of atherectomy in patients with claudication has been
debated, with several reports suggesting an increased risk of
reintervention in endovascular procedures using atherectomy
(vs non-atherectomy percutaneous transluminal angioplasty
[PTA]) for femoropopliteal claudication.’”* However, outcomes
are likely impacted by many factors. The current analysis
identified only 3 papers reporting 12-month TLR in 100%
claudicant cohorts, all including a high proportion of calcified
lesions. These papers evaluated directional atherectomy plus
DCB (0.0% TLR in 19 patients, all with severe calcification),*
orbital atherectomy plus uncoated balloon angioplasty (8.2%
TLR in 25 patients, approximately half with calcification),” or
laser atherectomy plus uncoated balloon angioplasty (23.1%
TLR in 65 patients, 61.5% with moderate/severe calcification).”
Combining atherectomy with adjunctive DCB therapy has also
been shown to be more effective than atherectomy followed by
uncoated balloon angioplasty in treating claudication.?** Thus,
outcomes in patients with claudication are difficult to interpret
in the present meta-analysis, with heterogeneity based on the
extent of lesion calcification, class of atherectomy device used,
and type of adjunctive therapy.

Safety outcomes in the current analysis were favorable
compared to previously published rates for other endovascu-
lar procedures. Twelve-month rates of major amputation and
mortality were expectedly higher in the 100% CLTI vs the 100%
claudicant cohorts, as well as in mixed cohorts with an increased
prevalence of CLTI. However, outcomes in this atherectomy
analysis compare favorably to the 12-month major amputation
and mortality rates of other endovascular procedures and by-
pass surgery. Meta-analyzed 1-year major amputation rates for
atherectomy were 4.1% in the 20 studies including =50 to <100%
CLTI patients and 5.8% in the 10 studies including 100% CLTI
cohorts. Stratified by artery level, the 1-year major amputation
rate was only 1.1% in CLTI patients with ATK disease, albeit in only
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4 papers with 56 patients in total. In comparison, 1-year major
amputation in CLTI patients was 10.4% in the LIBERTY 360 CLTI
analysis (including 76% with BTK disease) after treatment with
balloon angioplasty, atherectomy, or stents.*® One-year major
amputation rates were 5.3% for PTA, 5.1% for stenting, and 7.1%
for bypass surgery in a Medicare analysis of CLTI patients*° and
5% in a meta-analysis of 22 DCB studies.* Similarly, meta-analyzed
1-year mortality rates for atherectomy in the current study were
6.1% in 15 studies including =50 to <100% CLTI patients and 5.0%
in 11 studies including 100% CLTI cohorts. Mortality rates were
higher in CLTI patients with BTK disease (7.7%) vs CLTI patients
with ATK disease (3.7%). In comparison to the literature, 1-year
mortality has been reported at 22% for untreated CLT1.! In the
BEST-CLI study,* 1-year mortality was approximately 14% in the
cohort 2 endovascular group compared to approximately 18% in
the surgery group, which is consistent with a 13.3% mortality rate
in the LIBERTY 360 analysis of all endovascular procedures.* In
a 2020 meta-analysis of DCB for CLTI, 12-month mortality was
9% across 9 studies,* which was corroborated by an 8.8% rate in
a 2022 meta-analysis of DCB for infrapopliteal disease, includ-
ing 84.5% CLTI patients and 15.5% claudicants.® Finally, 1-year
mortality was reported at 23.7% for PTA, 21.9% for stenting, and
21.8% for bypass surgery in a Medicare analysis of CLTI patients.*
Thus, despite expectedly higher mortality and amputation rates
in studies evaluating more CLTI patients, outcomes following
atherectomy are acceptable, with similar or better rates compared
to other endovascular techniques.

Aligned with the previously published overall analysis of this
dataset,” the rate of provisional stenting was low compared to
studies of uncoated balloon angioplasty and DCBs,*** possibly
due to the ability of atherectomy to reduce plaque burden and
prepare the vessel for angioplasty. As noted previously,” provi-
sional stenting was unsurprisingly lower for BTK disease than
for ATK disease, with a lesser impact of CLTI prevalence.

Limitations

This intentionally broad meta-analysis evaluated atherectomy
as a vessel preparation tool across a variety of scenarios, includ-
ing study design, device types, patient and lesion characteristics,
and type of adjunctive therapy used. As such, while providing
valuable real-world data, heterogeneity was observed across
studies. Most of the publications reviewed were observational
and only 8.3% were randomized, impacting the interpretation
of the results. A small number of studies in some analyses
(and associated high variance), as well as variations in lesion
characteristics and devices used, also limit interpretability.
Variations in definitions, particularly primary patency, may
have also influenced the results. Information on cardiovascular
risk factors and comorbidities was not collected. Finally, due to
the smaller number of studies reporting results beyond 1-year,
longer-term follow-up is not available in this analysis.
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Conclusions

Vessel preparation with atherectomy plays a primary role
in any endovascular procedure with the goals of maximizing
lumen gain, avoiding stent placement in high-risk territories,
and delivering antirestenotic therapy. This is an important en-
deavor for both CLTT and claudicant patients. This meta-analysis
demonstrates that atherectomy is associated with good TLR
and primary patency rates and little evidence of complications.
While effectiveness outcomes were similar regardless of the
prevalence of CLTI, amputation and mortality were predictably
worsened by increasing CLTI prevalence and BTK disease, though
still lower than non-atherectomy literature comparators. As
importantly, this meta-analysis demonstrates the large body of
evidence supporting the role of adjunctive atherectomy during
endovascular treatment of appropriately selected patients with
claudication or CLTI. The decision to use atherectomy should be
guided by evidence-based consideration of patient and lesion
characteristics, and further studies are needed to better define
its role in the treatment of peripheral vascular disease.
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APPENDIX 2. META-ANALYZED RATES AND CONFIDENCE INTERVALS, AND HETEROGENEITY TESTS

CARR, ET AL.

Papers Patients Events  Meta-analysis rate Cochran’s Degrees of P value P value
(n) (n) (n)* and 95% CI Q-statistic freedom and 95% CI

12-month primary patency
Overall analysis 51 4806 3457.7 75.4 [71.1,79.4] 479.3 58 <.001 87.9[85.2,90.1]
All claudicant 3 805 615.5 68.4[52.2,82.6] 117 2 .003 82.9 [47.7,94.4]
CLTI >0 to <50% 23 2168 1572.4 78.4[72.1, 84.2] 295.5 25 <.001  91.5[88.8,93.6]
CLTI 250% to <100% 12 586 4443 76.0 [68.7, 82.6] 324 11 <.001 66.1[37.5, 81.6]
AllCLTI 8 637 460.4 82.8[68.8,93.3] 45.2 7 <.001 84.5[71.3,91.7]
12-month target lesion revascularization
Overall analysis 67 4783 911.6 15.6 [12.7,18.7] 476.3 75 <.001 84.3[80.9, 87.0]
All claudicant 3 106 17.1 7.6 [0.0, 28.4] 13.8 2 <.001 85.6 [57.7, 95.1]
CLTI >0 to <50% 38 2982 512.6 14.3[10.7,18.3] 259.0 42 <.001 83.8[78.9, 87.5]
CLTI 250% to <100% 12 694 104.6 13.9[9.8, 18.6] 25.5 1 .008 56.8 [17.8, 77.3]
AllCLTI 5 214 55.3 13.4[3.8,27.7] 15.5 4 .004 74.3[36.2, 89.6]
12-month major amputation
Overall analysis 71 65160 3346.1 1.7[1.0,2.6] 462.2 76 <.001  83.6[80.0, 86.5]
All claudicant 4 1030 46 0.6[0.0, 4.6] 19.3 3 <.001  84.4[61.0,93.8]
CLTI >0 to <50% 30 61,838 3190.1 0.9[0.3,1.6] 2231 31 <.001  86.1[81.4,89.6]
CLTI 250% to <100% 20 1134 58.2 4.1[2.1,6.7] 58.6 19 <.001 67.6 [48.3,79.6]
AllCLTI 10 439 41.1 5.8 [1.4,13.0] 38.0 9 <.001 76.3[56.2, 87.2]
12-month all-cause mortality
Overall analysis 63 63,568  10,238.7 2.8[1.8,4.1] 1279.1 67 <.001 94.8 [93.9, 95.5]
All claudicant 3 106 1 0.3[0.0,3.3] 35 2 0.18 42.4[0.0, 82.6]
CLTI >0 to <50% 29 61,488 10109 2.1[1.0,3.5] 7815 30 <.001  96.2[95.3,96.9]
CLTI 250% to <100% 15 993 65.1 6.1[3.9,8.7] 34.9 14 .002 59.9 [29.3,77.2]
AllCLTI 1 370 51.6 5.0 [0.9,12.1] 57.2 10 <.001 82.5[70.1, 89.8]
Clinically significant distal embolization
Overall analysis 159 24114 669 2.2[1.7,27] 691.0 173 <0.001  75.0[71.0,78.4]
All claudicant 7 854 23 2.3[0.6, 4.8] 13.2 7 0.07 47.0 [0.0, 76.5]
CLTI >0 to <50% 79 14609 371 2.1[1.5,2.9] 307.8 85 <0.001  72.4[65.8,77.7]
CLTI 250% to <100% 36 5127 153 2.3[1.4,3.5] 166.6 35 <0.001  79.0[71.4,84.6]
AllCLTI 20 1624 37 1.6 [0.5,3.3] 83.3 19 <0.001  77.2[65.1,85.1]
Provisional stenting
Overall analysis 131 13890 1864 9.3[7.4,11.4] 2291.8 147 <0.001  93.6[92.9,94.2]
All claudicant 5 791 40 12.0 [3.0, 25.8] 111.4 5 <0.001  95.5[92.5,97.3]
CLTI >0 to <50% 64 6166 1038 10.8 [7.7,14.3] 1119.2 70 <0.001  93.8[92.7,94.6]
CLTI 250% to <100% 33 4835 599 10.7 [7.4,14.6] 477.8 32 <0.001  93.3[91.6,94.7]
AllCLTI 15 848 104 4.6[1.0,10.7] 252.3 14 <0.001  94.5[92.3,96.0]

*Kaplan-Meier survival estimates or cumulative incidences were treated as proportions by multiplying the survival estimate (or cumulative incidence) by the sample size to

approximate the number of events, resulting in some non-integer values. When at least one value for the number of events contained a non-integer value, normal approxima-
tion confidence intervals were used.
Abbreviations: Cl, confidence interval; CLTI, chronic limb-threatening ischemia.
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APPENDIX 3. META-ANALYZED RATES AND CONFIDENCE INTERVALS BASED ON ATHERECTOMY DEVICE CLASS

CARR, ET AL.

Directional Laser Orbital Rotational
12-month primary patency
All claudicant = ((2) == (i) -(0) --(0)
CLTI >0 to <50% 78.6[67.2,88.1] (10) {1222}  68.3 [54.4, 80.8] (4) {125} -- (1) 83.4 [71.1, 92.8] (5) {455}
CLTI 250% to <100% 70.3 [55.3, 83.3] (6) {335} --(0) -(2) 79.9 [74.5, 84.8] (5) {234}
AlLCLTI --1(2) --(2) -(0) --(2)
12-month target lesion revascularization
All claudicant - (1) - (1) --(1) --(0)
CLTI >0 to <50% 10.4 [5.3,17.0] (12) {1190}  22.1[13.3,32.3] (10) {481} = (@) 11.7 [4.3,22.2] (9) {629}
CLTI >50% to <100% 14.0 [8.6, 20.6] (7) {503} --(0) --(1) 13.5[5.8, 23.7] (4) {159}
AllCLTI --(1) --(1) -- (1) --(2)
12-month major amputation
All claudicant --(2) -(1) -- (1) --(0)
CLTI >0 to <50% 0.3[0.0, 1.1] (14) {1210} 3.5[1.4, 6.5] (5) {327} -- (1) 0.3 [0.0,0.9] (6) {552}
CLTI 250% to <100% 3.2[0.7,7.4] (8) {507} 5.1[0.0,19.2] (3) {156} = (@) 4.8[1.3,10.2] (7) {365}
AllCLTI 5.2[0.0, 23.5] (4) {257} --(2) -- (1) -(2)
12-month all-cause mortality
All claudicant == ({1l == ({il) == ({i) --(0)
CLTI >0 to <50% 1.4[0.5, 2.8] (14) {1365} 2.9[1.2,5.5] (6) {235} --(0) 1.7[0.3, 4.4] (8) {746}
CLTI 250% to <100% 5.6 [2.7,9.4] (7) {611} --(2) --(2) 6.6 [3.3,11.0] (4) {160}
AlLCLTI 4.7[0.0,20.9] (4) {72} --(2) ) 5.1[0.3,15.3] (9) {66}
Clinically significant distal embolization
All claudicant 2.6 [1.5,3.9] (3) {655} --(2) --(1) --(0)
CLTI >0 to <50% 2.5[1.5,3.9] (32) {3199} 3.2[1.3, 6.0] (13) {944} 0.5[0.0, 2.0] (5) {5026} 1.8 [0.9, 3.2] (18) {1592}
CLTI >50% to <100% 3.5[1.4, 6.5] (13) {1302} 1.8[0.0, 9.1] (4) {471} --(2) 2.2[1.0,3.9] (13) {1665}
AlLCLTI 3.2[0.6,7.8] (8) {480} 2.4[0.6, 5.6] (6) {459} --(2) --(2)
Provisional stenting
All claudicant -(2) --(2) --(0) --(0)
CLTI >0 to <50% 5.4 [2.6,9.2] (22) {2085}  24.4[14.5,35.9] (13) {1004} 9.8 [0.2, 31.1] (5) {387} 9.2 [4.7,15.2] (13) {1076}
CLTI 250% to <100% 8.5 [5.8, 11.6] (14) {1501} 18.0 [6.0, 34.6] (3) {485} -=(@) 13.5 [5.5, 24.1] (11) {1667}
AlLCLTI 1.3[0.0, 6.5] (6) {304} 14.2[2.8,32.3] (5) {379} --(1) --(2)

Data are presented as meta-analyzed rate [95% confidence interval] (number of papers) {number of patients} for analyses including at least 3 papers. Analyses including fewer than

« n

3 papers are marked as “--" with the number of papers indicated in (parentheses).
Abbreviation: CLTI, chronic limb-threatening ischemia.
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