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ABSTRACT: Objectives. Assess the acute safety of directional atherectomy (DA) for endovascular 

treatment of peripheral arterial disease (PAD) in infrainguinal arteries. Background. Single-center 

studies and uncontrolled registries have demonstrated 12-month clinical benefit of DA for the treatment 

of PAD; however, large-scale, independently assessed multicenter data on acute procedural safety 

have previously been lacking. Methods. DEFINITIVE-LE was a prospective, multicenter, single-arm 

study. Endpoints were assessed by independent angiographic and duplex ultrasound core laboratories 

and adverse events were adjudicated by a Clinical Events Committee. For claudicants, the primary 

endpoint was primary patency at 1 year (estimated by Kaplan-Meier methods). For patients with 

critical limb ischemia (CLI), the primary endpoint was freedom from major amputation of the target 

limb at 1 year. Results. A total of 800 subjects with 1022 infrainguinal lesions were enrolled; 201 

subjects had CLI and 52.3% had diabetes mellitus. Mean lesion length was 7.4 ± 5.3 cm, mean 

percent diameter stenosis was 73.6%, and 20.8% of patients had occluded lesions. Periprocedural 

adverse events included distal embolization (3.8%), perforation (5.3%), and abrupt closure (1.9%). 

Procedural success was achieved in 89.0% of all lesions treated per angiographic core laboratory 

assessment, with a bailout stenting rate of 3.2%. Additionally, quality-of-life scores were significantly 

improved at 30 days compared with baseline. Conclusions. This large, prospective, multicenter, 

independently adjudicated study produced acute outcomes indicating that directional atherectomy 

is safe, with low rates of periprocedural events. Results were promising for PAD patients with 

claudication or CLI, and there were minimal differences between diabetics and non-diabetics.
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Peripheral artery disease (PAD) remains an in-

creasingly common disorder that continues 

to be a large source of chronic morbidity and 

mortality worldwide.1-6 The endovascular treatment 

of PAD has become the first-line therapy in most 

arterial beds.7-9 The treatment of femoropopliteal and 

tibial-peroneal disease is one such example. Treat-

ment options in this territory include percutane-

ous transluminal angioplasty (PTA),10-13 PTA com-

bined with adjunctive stenting, either bare-metal 

stent (BMS) or drug-eluting stent (DES) implan-

tation,7,12,14-16 drug-coated balloon (DCB),17,18 and 

atheroablative technologies including directional 

atherectomy (DA)19-24 with devices such as the Sil-

verHawk and TurboHawk Peripheral Plaque Exci-

sion Systems (Medtronic).

No single device is considered the gold standard 

primarily because of the heterogeneity of the patient 

population and lesion morphologies being treated and 

the lack of direct comparisons between technolo-

gies. In the DEFINITIVE LE Study, DA was used to 

treat subjects with infrainguinal PAD. Up until this 

study, there was limited scientific literature on DA 

given previous study design limitations and a lack of 

independent evaluation of outcomes.20,23,24 Further, 

previous reports have suggested a higher complica-

tion rate and inferior durability with DA as compared 

with other endovascular strategies.21,22

Herein, we focus on the acute 30-day safety out-

comes with respect to procedural complications and 

30 day quality-of-life outcomes of the SilverHawk 

and TurboHawk Plaque Excision Systems in the 

DEFINITIVE LE study in the treatment of lower-

limb arterial disease.

METHODS
Study Design

DEFINITIVE LE was a prospective, global, mul-

ticenter, single-arm, non-randomized study designed 

to evaluate the acute and long-term safety and effec-

tiveness of DA for endovascular treatment of PAD in 

femoropopliteal and tibial-peroneal arteries.25

Candidates for DA in the infrainguinal arteries pro-

vided written informed consent prior to screening. 

Inclusion criteria are listed in Table 1 and included 

a Rutherford Clinical Category (RCC) score of 1-6, 

infrainguinal artery stenosis ≥50%, a reference vessel 

diameter of 1.5-7.0 mm, and a lesion length of up to 20 

cm as assessed by the treating physician. Lesions in the 

superficial femoral (SFA) or popliteal artery separated by 

more than 3 cm or those separated by more than 2 cm 

distal to the popliteal artery were considered separate 

lesions. Major exclusion criteria included presence of 

severe calcification (defined as fluoroscopic evidence of 

calcium present in two walls of the lesion that exceeded 

1 cm in length), in-stent restenosis, and lesions located 

within an aneurysmal segment.

Each site’s Institutional Review Board/Ethics Com-

mittee approved the study protocol. Subjects were con-

sidered enrolled in the study after informed consent was 

signed and all of the inclusion criteria and none of the 

exclusion criteria were met.

The study was conducted in accordance with Good 

Clinical Practice and overseen by a steering committee 

and an independent Clinical Events Committee (CEC). 

Angiographic findings (such as dissections, distal em-

bolization, etc) identified and classified by the core 

laboratory were presented to the CEC for consider-

ation as adverse events. Independent core laboratories 
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conducted analyses of angiographic (SynvaCor) and 

duplex ultrasonography images (VasCore, Massachu-

setts General Hospital).

Regular monitoring visits were conducted to ensure 

that collected data were complete and accurate. Angio-

graphic classification provided by the angiographic core 

laboratory was final, but the CEC had final say as to 

relatedness and seriousness of the resulting adverse event.

INTERVENTIONS
Preprocedure data collection included an ankle-bra-

chial index (ABI) and EQ-5D questionnaire (a patient-

reported measure of overall health) for all patients, a 

Walking Impairment questionnaire (WIQ) for subjects 

with RCC 1-4, and wound assessment via the Wagner 

scoring scale in subjects with RCC 5 or 6.

Significant stenosis or occlusion of inflow vessels (iliac 

or common femoral) required successful revasculariza-

tion prior to enrollment. Infrainguinal arterial lesions 

intended for treatment at the time of the index proce-

dure that met the inclusion and exclusion criteria were 

enrolled and considered target lesions. There was no 

limit on the number of target lesions per patient. If 

multiple outflow vessels were present, then the treat-

ment of any outflow vessel was left to the discretion 

of the operator as to the method of revascularization.

All subjects underwent percutaneous revasculariza-

tion of the femoropopliteal and/or tibial-peroneal 

arteries using a DA device. In cases in which the DA 

device was unable to cross, the lesions were permit-

ted to be predilated, at the discretion of the investi-

gator. Angiographic films, including run-off status, 

were obtained immediately prior to and after DA to 

document pre- and post-treatment results. Adjunctive 

procedures were performed at the treating physician’s 

discretion; however, if residual stenosis was < 30% 

post-directional atherectomy, additional postdilation 

was not recommended. A final angiogram of the tar-

get lesion(s) and run-off was performed following 

adjunctive procedures (if required). Residual stenosis 

was calculated by dividing the native vessel diameter 

as measured at the most stenotic segment by the es-

timated reference vessel diameter (mean of the vessel 

diameters proximal and distal to the lesion) at that 

location. Distal protection devices, permitted under 

the study protocol, were used at the discretion of the 

attending physician.

Figure 1: Baseline Rutherford Clinical Category (RCC)
of the entire study cohort.
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Table 1. DEFINITIVE-LE inclusion and exclusion criteria.

Inclusion Criteria

• Has a Rutherford Clinical Category score of 1-6

• Is willing and capable of complying with all follow-up evaluations at the specified times

• Is ≥18 years old

• Provides written informed consent prior to study specific procedures

• Has evidence of ≥50% stenosis or occlusion in the superficial femoral, popliteal, anterior tibial, posterior 
   tibial, and/or peroneal arteries, confirmed by angiography

• Has identifiable distal target vessel, which upon completion of the intervention, is anticipated to provide 
  reconstitution of blood flow to the foot

• Exchangeable guidewire must cross lesion(s), with ability of catheter to cross lesion

• Each discrete target lesion’s length is ≤20 cm

• Reference vessel diameter is ≥1.5 mm and ≤7 mm

Exclusion Criteria

• Has one or more of the contraindications listed in the SilverHawk Instructions for Use

• Has a contraindication or known untreated allergy to antiplatelet therapy, anticoagulants, thrombolytic drugs, 
   or any other drug anticipated to be used
• Has a hypersensitivity to contrast material that cannot be adequately pretreated

• Has known hypersensitivity to treatment device material

• Has known uncontrollable hypercoagulable condition, or refuses blood transfusion

• Has life expectancy of <12 months

• Has surgical (requiring hospitalization) or endovascular procedure of the target vessel within 14 days prior to 
   the index procedure

• Has planned surgical intervention or endovascular procedure within 30 days after the index procedure

• Is currently participating in an investigational drug or another device study that may clinically interfere with 
   the study endpoints

• Has other co-morbid condition(s) that in the judgment of the physician precludes safe percutaneous 
   intervention

• Has had a previous peripheral bypass affecting the target limb

• Has end-stage renal disease, defined as undergoing hemodialysis for kidney failure

• Has had a previous amputation above the metatarsal line on the target limb

• Has presence of severe calcification in target lesion(s)

• Has in-stent restenosis of the target lesion

• Has an aneurysmal target vessel

• Has significant stenosis or occlusion of inflow tract that has not been revascularized prior to treatment of the 
   target vessel

• Has perforation, dissection, or other injury of the access or target vessel requiring additional stenting or 
   surgical intervention prior to enrollment

• Has disease that precludes safe advancement of the SilverHawk device to the target lesion(s)
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ADJUVANT MEDICAL THERAPY
It was recommended that all subjects receive anti-

platelet or antithrombotic therapy per American Heart 

Association/American College of Cardiology/Euro-

pean Society of Cardiology guidelines before and after 

the procedure. Anticoagulation during the procedure 

was left to the discretion of the treating physician to 

maintain appropriate levels of anticoagulation.

FOLLOW-UP
Follow-up assessments occurred prior to discharge 

and at 30 days, 3 months (for subjects with RCC score 

5 or 6 at baseline), 6 months, and 1 year following 

the index procedure. Each follow-up visit included 

assessment of RCC score, WIQ (for subjects with a 

baseline RCC score 1-4), EQ-5D, ABI, adverse event 

evaluations, and wound assessments for subjects with 

a baseline RCC score of 5 or 6.

ENDPOINTS
Briefly, the study’s primary endpoints were primary 

patency and freedom from amputation at 1 year; these 

results were presented elsewhere.25 Prespecified sec-

ondary endpoints included: (1) device success, defined 

as ≤30% residual stenosis following use of the DA de-

vice, as measured by angiography, without adjunctive 

endovascular interventions or periprocedural compli-

cations; (2) procedural success, defined as ≤30% re-

sidual stenosis following use of the DA and adjunctive 

endovascular interventions (if required) as measured 

by angiography without periprocedural complications; 

and (3) major adverse event (MAE) rate at 30 days and 

1 year, defined as clinically driven target-vessel revas-

cularization (at least 70% lesion stenosis or at least 50% 

with attendant symptoms), major unplanned amputa-

tion of the treated limb (resulting in a limb prosthesis), 

or all-cause mortality.

STATISTICAL ANALYSIS
Data were evaluated for all subjects enrolled regard-

less of the treatment delivered; all available data for all 

such subjects were used in primary analyses of baseline 

characteristics and study outcomes. All target lesions were 

analyzed as identified by the angiographic core laboratory.

All statistical analyses were performed using Statisti-

cal Analysis System for Windows version 9.1 or higher 

(SAS Institute, Inc). Unless otherwise noted, continuous 

variables were evaluated using t-tests, binary categorical 

variables with Fisher’s exact test, and ordinal variables 

with Mantel-Haenszel c2 test; for continuous vari-

ables collected at multiple time points, change scores 

from baseline were computed and used as the basis 

for analysis.

RESULTS
Enrollment occurred between April, 2009 and April, 

2011 at 47 international centers. Eight hundred sub-

jects were enrolled in the study; however, inadequate 

informed consent resulted in the exclusion of one sub-

ject’s data from all analyses. Baseline demographic in-

formation is listed in Table 2. Results are provided for 

the claudicant cohort (n = 598), CLI cohort (n = 201), 

and the overall study population (n = 799). The mean 

age was 70.1 ± 10.7 years and 45.4% of the population 

was female. Co-morbid conditions included diabetes 

mellitus (52.3%), hypertension (92.0%), and hyperlip-

idemia (83.6%). The CLI cohort was older (72.1 years 

vs 69.5 years; P<.01) and had a significantly higher 
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percentage of subjects with diabetes mellitus (68.7% 

vs 46.8%; P<.001) and renal insufficiency (23.4% vs 

16.7%; P=.045).

Baseline RCC scores are shown in Figure 1. Approxi-

mately one-half (49.8%) of the subjects were classified 

as RCC 3. Baseline lesion characteristics are listed in 

Table 3. A total of 1022 lesions were treated in 799 

subjects (1.3 lesions/subject). The mean baseline per-

cent diameter stenosis was 73.6 ± 18.7%, and 20.8% of 

lesions were occluded. The mean lesion length was 7.4 

± 5.3 cm; 27.8% were ≥10 cm. The total SFA disease 

burden, defined as the total of the lengths of all SFA 

lesions per subject, was 9.4 ± 6.3 cm. 

Table 4 describes the procedural characteristics. The 

average procedure time (from arterial access to catheter 

removal) was 70.9 ± 34.3 minutes, with shorter times 

observed in the claudicant group (67.7 minutes vs 80.6 

minutes; P<.001). Predictors of a longer procedure 

time included patients with CLI (vs claudication), 

longer target lesion treated, greater baseline severity 

of stenosis, the number of lesions treated, and the 

presence of arterial calcification. Predilation to allow 

passage of the DA device was performed in 8.3% of 

lesions in subjects treated for claudication and 15.8% 

of those in CLI subjects (P<.001), typically using PTA 

balloons, which were predominantly (75.0%) ≤3 mm 

in diameter. There was no significant difference in the 

percentage of lesions predilated in femoropopliteal vs 

tibial-peroneal arteries (10.1% vs 11.6%). After initial 

therapy with DA, adjunctive therapy was performed in 

35.3% of the target lesions. The majority of adjunctive 

therapy was PTA; the adjunctive stent rate was 3.2%. 

Distal embolic protection (DEP) via a filter device was 

used in 22.2% of subjects, with the SpiderFX Embolic 

Protection System (Medtronic, Inc) used in 97.2% of 

those cases. DEP use was significantly more frequent 

Table 2. Baseline demographics.

Subject Characteristics Claudicants (n = 598) CLI (n = 201) Total (n = 799)

Age (years) 69.5 ± 10.4 72.1 ± 11.4 70.1 ± 10.7

Female gender 43.8% 50.2% 45.4%

Caucasian 71.7% 64.7% 70.0%

History and risk factors

   Diabetes 46.8% 68.7% 52.3%

   Angina 22.9% 18.4% 21.8%

   Arrhythmia 15.6% 22.9% 17.4%

   Congestive heart failure  13.2% 17.9% 14.4%

   Myocardial infarction 18.6% 18.9% 18.7%

   CABG or PCI 39.5% 32.3% 37.7%

   Hypertension 92.0% 92.0% 92.0%

   Hyperlipidemia 86.1% 76.1% 83.6%

   Renal insufficiency 16.7% 23.4% 18.4%

   Current or former smoker 53.5% 35.8% 49.1%
Data provided as mean ± standard deviation or percentage. CABG = coronary artery bypass graft; PCI = percutaneous coronary intervention.
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in conjunction with the TurboHawk device than with 

SilverHawk (39.8% vs 14.2%, respectively; P<.001) and 

in CLI subjects than in claudicants (27.4% vs 20.4%, 

respectively; P=.049) and occurred qualitatively more 

often with longer, more heavily stenotic, and calcified 

lesions. Device success (defined as ≤30% residual ste-

nosis following use of the DA device) was achieved in 

74.9% of all target lesions and did not differ significantly 

Table 4. Procedural characteristics.

Procedural Characteristics Claudicant CLI Total

Procedure time (min) 67.7 ± 33.1 80.6 ± 36.0 70.9 ± 34.3

Contrast administered (cc) 159.2 ± 95.4 159.7 ± 92.0 159.3 ± 94.5

Fluoroscopy time (min) 20.0 ± 18.7 22.1 ± 13.1 20.5 ± 17.5

Use of embolic protection

   All 20.1% 27.4% 22.2%

   SpiderFX only 19.6% 27.4% 21.5%

Device success 76.0% 72.1% 74.9%

Post-device stenosis (%)  23.9 ± 13.1 25.6 ± 13.8 24.3 ± 13.3

Procedural success rate 91.2% 83.0% 89.0%

Post-adjunctive stenosis (%) 18.0 ± 11.2 20.9 ± 12.3 18.7 ± 11.5

Data provided as mean ± standard deviation or percentage.

Table 3. Lesion characteristics.

Subject Characteristics Claudicants (n = 743) CLI (n = 279) Total (n = 1022)

Target artery

   Superficial femoral artery 72.1% 48.4% 65.7%

   Popliteal 15.3% 17.2% 15.9%

   Infrapopliteal 12.5% 34.4% 18.5%

Baseline stenosis (%) 72.7 ± 18.1 75.9 ± 20.0 73.6 ± 18.7

Occlusions 17.4% 29.9% 20.8%

Calcification 37.1% 37.1% 37.1%

Lesion length (cm) 7.5 ± 5.3 7.2 ± 5.5 7.4 ± 5.3

Longest lesion per subject (cm) 8.3 ± 5.4 8.3 ± 5.7 8.3 ± 5.5

SFA vessel lesion length (cm) 9.2 ± 6.1 10.0 ± 6.8 9.4 ± 6.3

Target lesion length

   ≥10.0 cm 28.9% 24.8% 27.8%

   4.0 to 9.9 cm 41.5% 39.9% 41.1%

   <4.0 cm 29.6% 35.3% 31.1%

Data provided as mean ± standard deviation or percentage.
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Table 5. Periprocedural events.

Periprocedural Event
Day 0 (Index

Procedure Date) 
Days 1-30 

(Post Procedure) 
Days 0-30 (Total 

Periprocedural Events)

All periprocedural events (distal
embolization, abrupt closure, flow-limiting 
dissection, perforation, aneurysm)

82 (10.3%) 16 (2.0%) 90 (11.3%)

All periprocedural events requiring 
treatment 

51 (6.4%) 16 (2.0%) 61 (7.6%)

Distal embolization 30 (3.8%) 0 (0.0%) 30 (3.8%)

   Requiring treatment 13 (1.6%) 0 (0.0%) 13 (1.6%)

      Surgical intervention 1 (0.1%) 0 (0.0%) 1 (0.1%)

      Stenting 1 (0.1%) 0 (0.0%) 1 (0.1%)

      PTA/lysis/embolectomy/aspiration 11 (1.4%) 0 (0.0%) 11 (1.4%)

Abrupt closure 5 (0.6%) 10 (1.3%) 15 (1.9%)

   Requiring treatment 2 (0.3%) 10 (1.3%) 12 (1.5%)

      Surgical intervention 1 (0.1%) 7 (0.9%) 8 (1.0%)

      Stenting 0 (0.0%) 1 (0.1%) 1 (0.1%)

      PTA 1 (0.1%) 2 (0.3%) 3 (0.4%)

   Associated to dissection 1 (0.1%) 2 (0.3%) 3 (0.4%)

   Associated to embolization 2 (0.3%) 5 (0.6%) 7 (0.9%)

   Associated to thrombosis 1 (0.1%) 7 (0.9%) 9 (1.1%)

   Associated to perforation 0 (0.0%) 2 (0.3%) 2 (0.3%)

Dissection (flow limiting) 18 (2.3%) 0 (0.0%) 18 (2.3%)

   Requiring treatment 12 (1.5%) 0 (0.0%) 12 (1.5%)

      Surgical intervention 0 (0.0%) 0 (0.0%) 0 (0.0%)

      Stenting 8 (1.0%) 0 (0.0%) 8 (1.0%)

      PTA 4 (0.5%) 0 (0.0%) 4 (0.5%)

Perforation 39 (4.9%) 4 (0.5%) 42 (5.3%)

   Requiring treatment 30 (3.8%) 4 (0.5%) 33 (4.1%)

      Surgical intervention 1 (0.1%) 0 (0.0%) 1 (0.1%)

      Stenting 12 (1.5%) 4 (0.5%) 15 (1.9%)

      PTA 17 (2.1%) 0 (0.0%) 17 (2.1%)

Aneurysm 1 (0.1%) 2 (0.3%) 3 (0.4%)

   Requiring treatment 0 (0.0%) 2 (0.3%) 2 (0.3%)

      Surgical intervention 0 (0.0%) 0 (0.0%) 0 (0.0%)

      Stenting 0 (0.0%) 2 (0.3%) 2 (0.3%)

      PTA 0 (0.0%) 0 (0.0%) 0 (0.0%)
Data provided as number (percentage). PTA = percutaneous transluminal angioplasty.
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between the claudicant and CLI groups or between 

femoropopliteal and tibial-peroneal lesions. Proce-

dural success (defined as ≤30% residual stenosis at the 

conclusion of the procedure) was achieved in 89.0% of 

target lesions, including 91.2% of lesions in claudicants 

compared with 83.0% of lesions in the CLI subjects 

(P<.001) and was more often achieved in femoro-

popliteal lesions than in tibialperoneal lesions (90.1% 

vs 84.0%; P=.02). Following DA, the mean percent 

diameter stenosis was 24.3 ± 13.3%. For those lesions 

treated with adjunctive therapy, the residual stenosis 

was 18.7 ± 11.5%. Predictors of greater procedural 

success included female gender, SFA lesion location, 

lower baseline percent diameter stenosis, absence of 

vascular calcification, and shorter lesion length. Table 

5 shows the periprocedural adverse events in the study. 

The most common event noted was arterial perfora-

tion (5.3%), which occurred more frequently in the 

claudicant group than in the CLI group (6.2% vs 2.5%, 

respectively; P=.04). Abrupt closure occurred in 15 

cases (1.9%). Distal embolization was noted in 30 of 

799 subjects (3.8%) as adjudicated by the CEC and 

angiographic core lab. This includes 24 events in 542 

subjects (4.4%) with evaluable angiograms of run-off 

and 6 additional embolic events adjudicated by the 

CEC in the remaining 257 subjects without evalu-

able run-off angiograms. In total, 13 subjects (1.6%) 

had distal embolizations that were subsequently treat-

ed. The use of DEP devices was at the discretion of 

the implanting physician. No significant differences 

were noted in the rate of distal embolization by use 

of DEP (22/622 without DEP [3.5%] vs 8/177 with 

DEP [4.5%]; P=NS]. Moreover, within the group of 

subjects treated without DEP, the embolic event rates 

were not statistically different between patients treat-

ed with TurboHawk or SilverHawk devices (4/150 

[2.7%] vs 18/472 [3.8%]; P=NS). There were no sig-

nificant differences in rates of periprocedural events 

between femoropopliteal and tibial-peroneal lesions. 

Rates of distal embolization were also not significantly 

associated with other lesion characteristics, although 

greater rates of embolization in smaller target vessels, 

longer lesions, calcified lesions, and cases with multiple 

target lesions were observed.

Table 6. Secondary endpoints.

Outcome Baseline 30-Day Follow-Up

Rutherford clinical category 3.1 ± 1.1 1.5 ± 1.7

Ankle-brachial index 0.65 ± 0.16  0.90 ± 0.18

Walking Impact Questionnaire (claudicants only)

   Pain 54.9 ± 26.0 77.3 ± 23.6

   Walking distance 19.9 ± 24.2 46.5 ± 39.1

   Walking speed 20.3 ± 20.7 36.9 ± 29.4 

   Stair climbing 32.0 ± 31.0 49.9 ± 38.9

EQ-5D index score 0.71 ± 0.19 0.80 ± 0.19

EQ-5D visual analog scale 65.0 ± 19.2 71.0 ± 20.1

Data provided as mean ± standard deviation. EQ-5D = EuroQol Five Dimensions Questionnaire.
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The 30-day MAE rate was 1.6% including 4 deaths 

(0.5%), 6 clinically driven target-lesion revascular-

izations (0.9%), and 3 major unplanned amputations 

(0.4%; 1 above the knee, 1 below the knee, and 1 

Syme’s), all in CLI patients. MAEs were more com-

mon among CLI subjects, with a rate of 3.5% vs 1.0% 

among claudicants (P=.02). None of the 4 deaths 

within 30 days were adjudicated as related to either 

the study device or the index procedure by the CEC 

(3 were due to myocardial infarction and 1 was due 

to cardiogenic shock).

All secondary outcomes are listed in Table 6, including 

ABI, RCC, the WIQ and EQ-5D questionnaires, and 

wound healing. Each outcome demonstrated statistically 

significant improvement at the 30 day follow-up visit 

compared with baseline. Procedural success and adverse 

events were no greater among patients with diabetes 

(Table 7). A small but significant difference favoring 

non-diabetics was found in improvement in RCC from 

baseline to 30 days (P<.01), but was not seen in ABI 

measurements.

DISCUSSION
The DEFINITIVE LE study was undertaken to es-

tablish clinical and scientific data for DA using the 

SilverHawk and TurboHawk devices as treatment of 

infrainguinal PAD in both claudicants and CLI pa-

tients. The trial, although not randomized, was pro-

spective, and all outcomes were determined by an 

independent CEC as well as adjudication of events 

by independent core laboratories (both angiographic 

and duplex ultrasonographic), which provides a sci-

entific basis for the efficacy and outcome of DA in 

one of the largest prospective registries in the lower 

limb to date.

The overall trial results have already been published,25 

and the outcomes demonstrated that DA was safe for 

the treatment of either claudicants or patients with CLI 

out to the endpoint of 12 months. However, several 

questions remain regarding the acute safety and results. 

Therefore, we report herein the specific outcomes with 

regard to acute and periprocedural outcomes to 30 

days. These outcomes of this heterogeneous group of 

Table 7. Outcomes by diabetic status.

Outcome Diabetics Non-Diabetics Total

Device success 75.9% 73.9% 74.9%

Procedural success 88.2%  89.8% 89.0%

Change from baseline to 30 days in clinical endpoints

   Rutherford clinical category  -1.5 ± 1.4 -1.7 ± 1.2 -1.6 ±1.3

   Ankle-brachial index 0.24 ± 0.23 0.26 ± 0.19 0.25 ± 0.21

Periprocedural events

   Distal embolization 15 (3.6%) 15 (3.9%) 30 (3.8%)

   Abrupt closure 10 (2.4%) 5 (1.3%) 15 (1.9%)

   Dissection (flow limiting) 11 (2.6%) 7 (1.8%) 18 (2.3%)

   Perforation 18 (4.3%) 24 (6.3%)  42 (5.3%)

   Aneurysm 0 (0.0%) 3 (0.8%) 3 (0.4%)
Data provided as mean ± standard deviation or number (percentage).
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patients enrolled support the early positive findings seen 

elsewhere.19,20,24,26 However, these results were the first 

to be reported with independent core lab and clinical 

events committee adjudication not seen in prior single-

center and multicenter registries. Additionally, despite 

having more adjunctive therapy in the longer-lesion 

subset and less in the shorter-lesion subset, there was 

no difference in acute complications or 30-day out-

comes. The overall procedure time was longer for the 

CLI group, as could be expected with the multilevel 

nature of PAD in this patient population, but did not 

differ in fluoroscopy time or iodinated contrast dose. 

Unsurprisingly, more than 2 lesions and multilevel dis-

ease were independent predictors of longer procedure 

times. Furthermore, calcified lesions resulted in longer 

procedure times, although the use of DEP in these pa-

tients did not affect the 30-day outcome. The embolic 

events were very low at 3.8% overall. No significant 

difference in the rate of distal embolization by use of 

DEP was noted. However, the study was not powered 

to detect such differences and the use of DEP with 

more complex lesions, which tend toward greater rates 

of embolization, makes direct comparisons difficult. 

Within the group of subjects treated without DEP, 

the embolic event rates were not statistically different 

between patients treated with TurboHawk or Silver-

Hawk devices (4/150 [2.7%] vs 18/472 [3.8%]; P=NS). 

Within the group of subjects treated with DEP, the 

embolic event rates were 4.0% (4/99 subjects treated 

with TurboHawk) and 5.1% (4/78 subjects treated with 

SilverHawk; P=NS). While no statistical differences 

can be detected, the embolic rates were slightly lower in 

subjects treated with TurboHawk than in SilverHawk 

models despite the treatment of more complex lesions. 

This event rate, which is lower than those reported else-

where,21,26,27 and importantly, independently reported 

by the angiographic core laboratory, is acceptable for 

this device when compared with other devices used 

in the infrainguinal arteries. Perforation rate for this 

study was 5.3%, and all events were associated with 

wire passage, DA use, or adjunctive therapy to include 

PTA and/or stenting. We did not delineate the com-

plication from one device to another in the process of 

the procedure because completion arteriography may 

not have been performed after each step. Therefore, 

the event was adjudicated as an event regardless of 

primary cause. Effective debulking to ≤30% diameter 

stenosis using DA alone was achieved in 74.9% of all 

procedures and in 89.0% of patients requiring adjunc-

tive therapy. Average post-DA diameter stenosis was 

24.3% and 18.7% following adjunctive therapy. The 

need for predilation to facilitate the passage and use of 

an atherectomy device occurred in 9% of lesions. This 

was noted in subjects with longer and more calcified 

lesions at baseline. Our findings suggest that optimal 

debulking in a challenging lower-limb location of the 

infrainguinal segments can be achieved using DA and 

that this method of revascularization is a viable alter-

native to PTA and stent approaches, with excellent 

safety and 30-day results for the treatment of patients 

with PAD.

STUDY LIMITATIONS
There are several key limitations to this trial and re-

port. First, this study is a non-randomized registry. 

However, given that this protocol was not driven for 

device approval and more toward the scientific pursuit 

of the objective outcomes from therapy, it becomes 
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noteworthy and makes this trial unique to other reg-

istries. Also, this report only details the events to 30 

days. Furthermore, any complications that may oc-

cur after 30 days are not captured here. However, it 

should be noted that no further anatomic complications 

(aneurysm, etc) were reported in the final 12-month 

report. Lastly, these data and acute outcomes should 

not be extrapolated to other FDA-approved or pending 

approval atherectomy or atheroablative devices. Any 

potential inference should be performed in a direct 

fashion with direct comparator trials.

CONCLUSION
In summary, the findings of the DEFINITIVE LE 

registry establish the periprocedural and acute safety 

of the SilverHawk and TurboHawk systems for DA. 

As the primary outcome from DEFINITIVE LE pro-

vided evidence of a primary patency similar to other 

trials of stenting and drug-coated balloons, DA may 

provide an additional primary strategy for PAD with-

out implantable scaffolds in this challenging anatomic 

territory.
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