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Introduction

The terminal manifestation of peripheral artery disease is 
chronic limb-threatening ischemia (CLTI) which has a 

grim, 20% to 25% 1-year mortality rate and 50% at 5-year 
morality rate.1,2 Despite percutaneous transluminal angio-
plasty (PTA) being the mainstay for endovascular treatment 
of CLTI for 30 years,3 patency rates remain 40% to 50% at 
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Abstract
Background: The Auryon laser atherectomy system has been shown to have high procedural success in the prospective, 
multicenter Auryon BTK study. We present the 12-month outcomes of the Auryon BTK in treating infrapopliteal arterial 
disease in patients with chronic limb-threatening ischemia (CLTI). Methods: Patients at 4 US centers with CLTI were 
prospectively enrolled in the Auryon BTK study after obtaining informed consent. The study was approved by a central ethics 
committee. The 30-day primary safety and procedural success were recently published. Secondary endpoints included target 
lesion revascularization (TLR), clinical patency (defined as peak systolic velocity ratio ≤2.4 and no TLR), major adverse limb 
events (amputation, target vessel revascularization, and/or all-cause mortality), Walking Impairment Questionnaire (WIQ), 
Rutherford Becker (RB) category, and EQ-5D quality of life questionnaire. Proportional and Kaplan–Meier (K-M) survival 
analysis were performed. Results: A total of 60 patients (61 lesions) were enrolled. At 12-month, 42 patients were still in 
the study (7 lost-to-follow-up, 5 withdrawals, 7 deceased). The mean age was 74.6 ± 10.3 years with 58.3% diabetics, 43.3% 
RB IV, and 56.7% RB V. Of the 61 lesions, 59% had severe calcification, 31.1% were chronic total occlusions, and 90.2% were 
de novo disease. Bailout stenting occurred in 1/61 lesions (1.6%). Proportional analysis for freedom from TLR at 1-year was 
94.2%, and TVR was 89.4%. K-M analysis for freedom from TLR was 94.0% at 12-month. There was a significant difference 
in median WIQ score from to baseline to 3-month (p = 0.0020) and baseline to 6-month (p = 0.0290) but not from baseline 
to 12-month (Δ−0.073, p = 0.678). Wounds healed in 33.3% (n = 4/12) of patients at 12-month. There was also a significant 
difference in median EQ-5D total score from baseline to 30-day (p = 0.0030), 3-month (p = 0.0060), 6-month (p = 0.0500), 
and 12-month (p = 0.00005). In addition, there was a significant median difference between 30-day ankle-brachial index (ABI) 
and baseline ABI (p < 0.0005) and the 12-month ABI and baseline ABI (p = 0.2100). Rutherford–Becker category improved 
by ≥1 category among 67.6% (n = 23/34) patients, stayed the same in 29.4% (n = 10/34) patients and worsened in 2.9% 
(n = 1/34) patients at 1-year. Conclusion: The 355-mm laser has a high rate of freedom from TLR at 12-month with a 
significant improvement in RB categories, WIQ and quality of life (EQ-5D).

Clinical Impact
The Auryon BTK demonstrates the safety and effectiveness of the 355-nm Auryon laser system in treating infrapopliteal 
arterial disease in patients with critical limb ischemia yielding high freedom from TLR and improvement in quality of life 
despite complex disease. The Auryon laser can treat all lesion morphologies below the knee including severe calcium 
and needs to be considered by operators for vessel prepping prior to adjunctive balloon angioplasty.
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1 year with high amputation rates and frequent need for 
revascularization.4,5 Catheter-based strategies are rapidly 
evolving to ameliorate this patient burden.

The Auryon laser atherectomy system (Angiodynamics, 
Inc, Latham, NY, USA) is one such treatment with excellent 
acute procedural and 30-day outcomes6,7 due in part to its 
longer wavelength (355 nm)8 and shorter pulse width (10–
25 ns).9 This unique technology leads to effective treatment 
of complex, severely calcified lesions,10 while minimizing 
adventitial tears or need for bailout stenting.11 Despite being 
a good choice for infrapopliteal arteries, data on the long-
term outcome of the 355-nm laser remain limited,12,13 espe-
cially among patients with CLTI. Therefore, the Auryon 
below the knee (Auryon BTK) study was an investigator-
initiated, prospective, multicenter study designed to evalu-
ate the 355-nm laser in treating infrapopliteal arteries in 
patients with CLTI. In this study, we present the 12-month 
outcomes of the Auryon laser in infrapopliteal arteries in 
patients with CLTI.

Methods

A total of 4 US centers enrolled patients in the Auryon BTK 
study. Primary safety endpoint as a composite of all-cause 
death, above-ankle amputation of the index limb, and rein-
tervention of the index limb at 30-day along with primary 
performance as ≤30% residual stenosis for the treated seg-
ment of the vessel without serious angiographic complica-
tions (flow-limiting dissection [D-F], perforation, distal 
embolization, or acute vessel closure after the final treat-
ment) were previously described.7

The following 12-month outcomes are presented:

1.	 Primary patency at 6- and 12-month defined as the 
absence of both total occlusion [100% diameter ste-
nosis by duplex ultrasound (DUS)] or peak systolic 
velocity ratio (PSVR) > 2.4;

2.	 Target lesion revascularization (TLR) at 30-day, 
6-month, and 12-month was defined as lesions that 
did undergo retreatment of the index lesion with an 
objective evidence of obstructive disease (occlusion 
or PSVR >2.4 by DUS). Freedom from TLR was 
determined based on index lesions that did not 
undergo TLR.

3.	 Ankle-brachial index (ABI) at baseline, 30-day, 
6-month, and 12-month;

4.	 Number of healed wounds at 12-month;
5.	 Walking Impairment Questionnaire (WIQ)14 and 

EQ-5D-5L15 at baseline, 30-day, 6-month, and 
12-month. The self-administered WIQ was obtained 
at baseline, 3-month, 6-month, and 12-month. The 
participant assessed the degree of difficulty in walk-
ing up to 5 blocks on a graded scale from 0 to 4. The 
higher the score, the less the difficulty in walking. 
The EQ-5D is a generic instrument to assess general 
quality of life (QOL). It is based on a descriptive 
system to assess mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. The higher 
the number, the worse the QOL; and Rutherford–
Becker category (RBC)16 at baseline, 30-day, 
6-month and 12-month.

The inclusion and exclusion criteria have been previously 
published.7 All patients had CLTI, Rutherford category 4 to 
5 in the target limb with both de novo or restenotic (no in-
stent) lesions included. Only one target vessel was included 
in the study, and intraluminal crossing of the lesion was 
required. No other debulking devices were allowed.

Procedural details have also been previously published.7 
The laser was set to a fluence of 50 J/cm2 first, followed by 
a fluence of 60 J/cm2 if significant resistance was met in 
advancing the laser catheter. All lesions were treated with 
PTA with 1:1 balloon sizing. Core laboratory adjudication 
was performed for angiographic, intravascular ultrasound 
and DUS measurements.

Follow-up data were collected at discharge, 30 ± 7 days, 
180 ± 30 days, and 360 ± 30 days.

Statistical Analysis

The published 30-day analysis accounted for 60 patients 
and 61 lesions. This follow-up analysis and comparisons 
were done with 60 vessels (1 vessel per patient) as the 
denominator. There were 3 TLRs. Clinically relevant TLR 
was not done because of the low number of TLRs; there-
fore, total TLR is reported.

During the follow-up analyses, the patency rate was  
calculated using PSVR ≤2.4 in patients with no prior TLR 
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and censoring patients who died, withdrawn, or lost to  
follow-up. Loss of patency included those with total occlu-
sions and those with PSVR >2.4. The TLR and patency 
rates were cumulative and the reported TLR rates and 
patency rates are based on actual days from index occur-
rence. The RBC change from baseline was analyzed both as 
the number of category changes and whether the RBC was 
improved, stayed the same, or worsened by ≥1 category.

Descriptive analysis on all variables was performed. 
Continuous data were presented as mean ± standard devia-
tion [median]; categorical data were provided as count/
sample (percentage). Pearson’s chi-square exact test, sign 
test, and Student t-test were used where appropriate. 
Normality and outlier tests were done with Anderson–
Darling test and Grubbs test, respectively. Statistical sig-
nificance was determined by a p < 0.05. Software used was 
Minitab 21 (State College, PA, USA) and Cytel Studio 12 
(Cambridge, MA, USA). Survival analysis was performed 
to determine the probability (future chance) for patency and 
TLR at 1 year. Proportional analysis (actual occurrence) for 
patency and TLR at 1 year were also determined.

Results

A total of 60 patients were enrolled. At 1-year, 42 patients 
were still in the study (7 lost to follow-up, 5 withdrawals, 
and 7 died). The mean age was 74.6 ± 10.3 years with 
58.3% diabetics, 43.3% Rutherford–Becker (RB) IV and 
56.7% RB V.

Demographics, clinical, angiographic, and procedural 
outcomes were previously published.7 Of the 61 lesions, 
31.1% were total occlusions, 59% had severe calcification, 
and 90.2% of lesions were de novo. Thirty-four of 60 
patients included had wounds. Baseline median diameter 
stenosis was 82.1%, post laser 56.5% and following angio-
plasty as adjunctive therapy 22.5%. Mean plaque burden 
was significantly reduced from 73.77% at baseline to 
53.66% at end of procedure (p = 0.001). At 30 days, there 
was no TLR, TVR, or unplanned major amputation. One 
sudden cardiac death occurred likely secondary to access 
site major bleeding postprocedure. Bailout stenting occurred 
in 1 patient (1.6%) without any target vessel revasculariza-
tion or amputations. At 1 year, anticoagulant and antiplate-
let data were available on 35 patients. Of these, 34 patients 
were on 1 (n = 23) or 2 (n = 4) antiplatelet drugs and 7 were 
on oral anticoagulants with no antiplatelet. One patient was 
on no antiplatelet or anticoagulant but was on cilostazol.

Patency and TLR

The 12-month proportional patency rate was 62.5%, and 
Kaplan–Meier (K-M) probability patency rate was 51.7%. 
This is however, inconclusive given the small number of 
patients that underwent evaluation for patency at 1 year 

(n = 13). Patency rate was 88.9% (PSVR ≤2.4) at 30-day 
(n = 50 patients) and 70.8% at 6 months (n = 30 patients; 
Figure 1). Proportional analysis showed a freedom from 
TLR at 12-month was 94.0% and TVR 90.4%. K-M prob-
ability of freedom from TLR was 94% at 12-month 
(Figure 2). There were 7 deaths, 3 TLR, 5 withdrew con-
sent, and 3 lost to follow-up.

Wound and ABI

At 12-month, 12 patients had their wounds evaluated, of 
which 4 had completely healed (33.3%). There was a sig-
nificant median difference between 30-day ABI and 

Figure 1.  Flow diagram that shows patients’ loss to follow-up, 
withdrawn from study, died, or did not have a duplex ultrasound 
at each time point when assessing patency.

Figure 2.  Freedom from target lesion revascularization at 
1-year with the use of the 355-nm laser below the knee in 
chronic limb-threatening ischemia.
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baseline ABI (0.23 ± 0.46, p < 0.0005) and the 12-month 
ABI and baseline ABI (0.28 ± 0.48, p = 0.0210). Only 1 
minor amputation occurred at 1 year (metatarsal) in a target 
limb. There were no major amputations.

RBC, WIQ, EQ-5D

Of 43 patients, RBC improved by ≥1 category in 23 
patients, stayed the same in 10 patients and worsened ≥1 in 
1 patient. There was a significant increase in median WIQ 
score from baseline to 3-month (0.13 ± 0.29, p = 0.0020) 
and 6-month (0.14 ± 0.14, p = 0.0290), but not to 12-month 
(Δ−0.073 ± 0.270, p = 0.678). There was also a significant 
difference in the median EQ-5D total score from baseline to 
30-day (−1.85 ± 4.50, p = 0.0030), 3-month (−2.00 ± 3.46, 
p = 0.0060), 6-month (−1.69 ± 4.16, p = 0.0500), and 
12-month (−4.51 ± 6.30, p = 0.0005).

Discussion

The purpose of this investigator-initiated, prospective, 
multicenter study was to evaluate the 355-nm laser in treat-
ing infrapopliteal arteries in patients with CLTI. In this 
study, the 355-nm laser had excellent freedom from TLR 
and amputation, with only 1 patient requiring bailout stent-
ing. The results are consistent with “leaving the least 
behind” strategy. These data are comparable to the biore-
sorbable stent placement in the LIFE-BTK trial,17 which 
had a similar freedom from TLR and low amputation rate 
when treating patients with CLTI and infrapopliteal arteries. 
Proportional comparison of freedom from TLR in the Life 
BTK bioresorbable stent arm with freedom from TLR in  
the Auryon BTK showed no statistical difference (92.6% 
vs. 94.0%, respectively, p = 1.000) despite longer lesions 
(median 80 mm vs. 35 mm), more chronic total occlusions 
(31.1% vs. 15.1%), and more severe calcium (59.0% vs. 
3%) in the Auryon BTK study. Although patency rate in the 
Auryon BTK appears comparable to historic, PTA con-
trols,4 patency data are inconclusive given the low number 
of patients who had a DUS at 1 year (13/60). The discrep-
ancy between assessment techniques for patency and free-
dom from TLR has been well described.18–20 Early patency 
may allow collaterals or wound healing to occur, leading to 
less need for additional revascularization on follow-up. 
Certainly, a randomized clinical trial is warranted between 
the 355-laser and PTA or bioresorbable stent to provide fur-
ther comparison.

PTA remains the most commonly used procedure to treat 
infrapopliteal disease in patients with CLTI.3 A high rate  
of amputation or TLR continues to be seen with PTA at 
1 year,4,5 warranting further technologic advancements to 
ameliorate recurrent treatments. Different endovascular 
modalities have been used to treat infrapopliteal vessels 
including atherectomy, drug coated balloons, specialty  

balloons, and stenting. Currently randomized data support 
the use of balloon expandable drug eluting stents (DES) 
(absorbable or not) as a superior modality to PTA to improve 
long-term patency21 along with the combined endpoint of 
amputation, occlusion of the target vessel, clinically driven 
revascularization of the target lesion, and binary restenosis 
of the target lesion.17 Yet, there are scarce data on the long-
term outcomes of the 355-nm laser in treating infrapopliteal 
disease in CLTI patients.

Patency and TLR

Use of the 308 nm laser for popliteal and infrapopliteal 
patients with CLI had a primary patency of 42%,22 75%,23 
and 90%24 at 12-months, highlighting the vast range of 
patency rates even among similar treatment modalities. In 
the current investigation, primary patency was comparable 
to previous laser atherectomy results at 12-months. 
Additionally, current 355 nm 12-month freedom from TLR 
rates of 94% appear similar to 308 nm TLR rates of ~90%24 
at 12-months, further highlighting long-term success rates 
of laser atherectomy in patients with CLTI. Yet, association 
between patency, TLR, and limb salvage is contentious,25 
warranting further review of wound healing.

Wound and ABI

Wound healing, wound healing rates, and ambulation time 
have all become important considerations for patients with 
CLTI.26–29 Wound healing rates have remain relatively low, 
with only 26% of wounds healing within 3 months of SDF-1 
plasmid treatment in the STOP-PAD trial.30 Here, we pres-
ent a 33% improvement in wound healing at 12-months, 
albeit among 12 evaluable patients. Additionally, there were 
not any major amputations noted. Given the association 
between wound severity and reintervention rates,31 wound 
healing should be a critical endpoint when assessing long-
term success from endovascular therapy. Future studies 
should more thoroughly investigate wound healing rates 
using the recommended wound, ischemia, and foot infec-
tion classification.32,33 In the current study, wound healing 
coincided with sustained improvements in ABI as well. 
While ABI assessments do not always predict wound heal-
ing,34 the need for improved perfusion pressures is often a 
pre-requisite for improvements in wound healing. 
Nonetheless, a more integrative approach may better deter-
mine long-term outcome success, leading to improvements 
in QOL.

RBC, WIQ, and EQ-5D

Most patients in the current investigation improved their 
RBC by at least 1 category, with only 1 patient having a 
worse RBC category at 12-months. Paradoxically, 
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significant improvements were seen at 6-months but not at 
12-months for WIQ, yet improvements for EQ-5D were 
sustained out to 12-months. Together, these results repre-
sent significant improvements in QOL for these individuals 
12-months after endovascular treatment with the 355 nm 
Auryon laser atherectomy system.

Conclusions

Overall, the 355 nm Auryon laser atherectomy system pro-
vides high procedural success while minimizing dissections 
or the need for bailout stenting. With a high rate of freedom 
from TLR at 12-month with a significant improvement in 
RB categories, WIQ and quality of life (EQ-5D), debulking 
with laser atherectomy prior to angioplasty continues to 
provide long-lasting improvements in patient-centered out-
comes. These data warrant further examination in compari-
son to PTA alone among a larger population.

Limitation of the Study

Only 13 patients had DUS to evaluate patency at 12-months. 
The true patency of the 355-nm laser cannot therefore be 
accurately assessed from this study at 12-months. The 
6-month patency was 70.8% with approximately half the 
patient evaluated. Additional data are needed to determine 
accurately the patency of the 355-nm laser at 12-months. It 
remains unclear what the mechanisms of restenosis are at 
12-months, but it is likely to be a combination of recoil, 
smooth muscle proliferation, or thrombosis in small vessels 
with long, calcified, and occluded lesions. This is also a 
nonrandomized trial and was not powered to be compared 
to historic controls. Despite a relatively modest sample size, 
the study was prospective, and multicenter with balanced 
representation of patient’s enrollment in all sites lending 
validity to the presented data.
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