
CLINICAL REVIEW

192      October 2013  Vascular Disease Management®    www.vasculardiseasemanagement.com

Atherectomy in the Treatment of  

Lower-Extremity Peripheral Artery  

Disease: A Critical Review  
Girish R. Mood, MD, Juyong Lee, MD, PhD, Lawrence A. Garcia, MD
From St. Elizabeth’s Medical Center, Tufts University School of Medicine, Division of Interventional Cardiology and Vascular 
Medicine, Boston, Massachusetts.

Nearly 8 million Americans 
are affected by peripheral 
artery disease (PAD) in-

volving the arteries of the lower limb 
(Iliac, femoral, popliteal, and tibial).1 
This number is expected to increase 
in the future as the population ages, 
leading to more symptomatic athero-
sclerotic plaque in various arterial sys-
tems including the coronary, carotid, 
and lower extremity. Additionally, risk 
factors such as diabetes, hypertension, 
smoking, morbid obesity, and renal 
disease are expected to further con-
tribute to the worsening disease spec-
trum of PAD in the United States. 
Even though there has been an ex-
plosion in the treatment options for 
coronary artery disease in recent years, 
choice of therapy for PAD is still in 

its infancy. 
Lower-extremity arteries such as the 

superficial femoral artery are exposed 
to a multitude of chronic conditions 
such as torsion, lengthening, and ro-
tation during the activities when the 
patient is ambulatory. Along with oth-
er metabolic risk factors and physical 
strain of the vessel, the lower extremi-
ty arteries undergo pathophysiological 
stresses that are unique and different 
than other vascular beds, resulting in 
higher calcified atherosclerotic burden 
in the lower extremities.2-4 Most often 
PAD is undiagnosed or goes under-
diagnosed until the patient presents 
with severe lifestyle-limiting claudica-
tion, rest pain, critical limb ischemia, 
or tissue loss. 

In the United States, treatment 

options for the management of PAD 
have increased in number but remain 
limited in scope. Also we are lacking 
substantial scientific data and large-
scale studies to help define which if 
any therapy is best or the “gold stan-
dard” for most or all patients. The ma-
jority of interventionalists use balloon 
expansion as the principal therapy in 
treating lower-extremity PAD. This 
can be associated with vascular baro-
trauma leading to an increased inci-
dence of restenosis and the need for 
reintervention as lesions become lon-
ger (RESILIENT, ABSOLUTE, ZIL-
VER) or more heavily calcified. The 
use of stents in the lower extremity 
vascular tree has been shown in broad 
studies to reduce the restenosis rate 
and increase the patency of the vessel 
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at 1 and 2 years compared with simple 
balloon angioplasty.5-7 However, this 
therapy has limited applicability in le-
sions beyond 10 cm or in those with 
heavily calcified territories and in le-
sions of considerable length (usually 
approaching 20 cm). From a scientific 
perspective, because of ongoing vessel 
extrinsic forces from ambulation, the 
effective use of stents can be limited 
especially near the joint spaces8 or in 
highly constrained locations, which 
may contribute stent fractures and 
contribute ultimately to stent failure. 
Changing arterial compliance through 
debulking, particularly with calcified 
target lesions, has been reported as 
beneficial. Recent data has suggested 
an increased benefit with atherectomy 
with or without adjunctive therapy 
with percutaneous transluminal an-
gioplasty (PTA) and/or stenting ver-
sus angioplasty alone.9 In this regard, 
compared to expanding the vessel by 
compressing and dissecting the plaque 
by balloon angioplasty, theoretically, 
debulking of the atheromatous plaque 
will give rise to the larger luminal di-
ameter. In a study reported by Abou-
fakher et al, total plaque volume was 
decreased by 24%, which resulted in a 
lumen increase of 66% due to plaque 
excision with atherectomy without 
any significant increase in the overall 
vessel area by intravascular ultrasound 
(IVUS).10,11

Principally, atherectomy devices 
remove plaque, including calcified 
plaque, by physically shaving, drill-
ing, or pulverizing by sanding the 
plaque, resulting in modification of 
the vessel and its arterial compliance 
in the case of those vessels with cal-
cium. Because this can be achieved 

through minimal vessel barotrauma, 
the incidence of acute complications 
including dissection and acute vessel 
occlusion may be reduced.12 It has also 
been reported that the final results are 
superior to balloon angioplasty alone 
in these vessels treated. Current direc-
tional atherectomy has been theorized 
to provide revascularization without 
adjunctive treatment including PTA, 
thereby decreasing resultant vessel in-
jury through barotrauma, which may 
reduce the rate of restenosis.8 Ather-
ectomy may also provide the ability 
to treat longer lesions without the 
need for a lengthy endoprosthesis and 
further can preserve side branches as 
compared to a balloon-stent approach. 
By preserving the native vessel anat-
omy and configuration with regard 
to compliance and inherent torsional 
forces, future interventions can also 
be performed including stenting or 
repeated atherectomy. Potential com-
plications associated with atherectomy 
devices include hematoma, pseudoan-
eurysm, distal embolization, or vessel 
rupture. 

Atherectomy devices were initially 
used in the management of coronary 
artery disease and were found to be 
ineffective compared to contempo-
rary bare metal stents of the day. Ahn 
et al reported 82% to 100% success 
rate with directional Simpson Ath-
eroCath (Flexi-Cut). However the 
intermediate-term patency rates were 
35% to 84% with 6-month restenosis 
rates ranging from 11% to 55%. An-
other study reported a large amount 
of retained plaque with the Simpson 
device,11 which led to reduced use 
of atherectomy devices. Many small 
studies were performed using distal 

protection devices in the treatment 
of PAD to reduce the incidence and 
complications associated with em-
bolizations during atherectomy.13-18 

Current available atherectomy devices 
function on several principles such 
as rotational, directional, orbital, or 
atheroablative in the management of 
PAD for both claudicants and patients 
with critical limb ischemia. 

LASER ATHEROABLATIVE TECHNIQUES
Laser therapy received FDA approval 

with the LACI (Laser Angioplasty for 
Critical Limb Ischemia) multicenter 
trial, which showed 92% limb salvage 
at 6-month follow-up of critical limb 
ischemia.19 A total of 145 patients 
were included in the study with 155 
critical limbs. 71% patients had severi-
ty of the disease with Rutherford class 
IV or VI. The diseased segments were 
equally distributed involving superfi-
cial femoral artery and infrapopliteal 
segments (41%) and 15% were pop-
liteal lesions. Seventy percent of the 
patients had combined occlusion and 
stenotic lesions. In this study, a 308-
nm excimer laser was used to ablate 
the plaque and thrombus, restoring 
the flow in diseased segments. Laser 
was delivered through a flexible fiber-
optic catheter using short bursts of 
ultraviolet energy, which vaporize the 
plaque into small particles with mini-
mal thermal injury in the surrounding 
tissues. Hence there is less chance for 
distal embolizations. Similarly, Dave et 
al showed reduced TLR in 76.9% of 
the patients at 1-year follow-up with 
laser therapy.20

There are currently three ongoing 
studies involving laser atheroablative 
strategies: PATENT (Photo-Ablation 
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Using the Turbo-Booster and Ex-
cimer Laser for In-Stent Restenosis 
Treatment), EXCITE-ISR (EXCImer 
Laser Randomized Controlled Study 
for Treatment of FemoropopliTE-
al In-Stent Restenosis) and PHO-
TOPAC (Photoablation Followed by 
a Paclitaxel-Coated Balloon to Inhibit 
Restenosis in Instent Femoropopliteal 
Obstructions) evaluating the role of 
laser therapy in the treatment of pe-
ripheral artery in-stent restenosis. Re-
cently the PATENT study reported 
6-month interim results showing sig-
nificant reduction in the percentage 
of diameter of the diseased vessel from 
87.1% to 7.5% using a combination of 
laser atherectomy and balloon angio-
plasty. Major adverse events were re-
ported to be 2.2% at 1-month follow-
up. The final outcome report will be 
presented after 1-year follow-up.

EXCITE-ISR is a phase 3, 2:1 ran-
domized trial, which is currently re-
cruiting patients in the United States. 
There will be a total of 318 subjects 
enrolled in the study with Rutherford 
class I-IV with femoropopliteal ar-
tery in-stent restenosis. Similarly, the 
PHOTOPAC study is an ongoing pi-
lot study in Europe that is evaluating 
the use of laser therapy and Paclitax-
el-coated balloon therapy vs balloon 
therapy alone in the management of 
superficial femoral artery in-stent re-
stenosis. Completion of this study is 
expected in 2013. 

ROTATIONAL DEVICES
The Jetstream Navitus System (Bay-

er HealthCare) is a rotational ather-
ectomy device that has differential 
and circumferential cutting blades to 
debulk both hard (calcified, fibrotic) 

and soft (thombus, plaque) tissues 
with minimal damage to the vessel 
wall. The tissue debris are aspirated 
through the side port and disposed 
into the bag attached to the pathway 
console. The pathway device has the 
advantage of being able to adapt to 
different sizes with each clockwise 
(2.1 mm) and counterclock (3.0 mm) 
rotation. This device has two units, the 
main console and a single-use cathe-
ter electrically driven with a central 
pod. The main console is reusable 
and includes the main power supply 
as well as the infusion and aspiration 
chambers. The atherectomy catheter is 
advanced over the wire (0.14 in/135 
cm) proximal to the diseased segment 
and cautiously driven back and forth 
maintaining the rotational speed rate 
(70 krpm) for better outcome. 

The Pathway PVD Study for Percu-
taneous Peripheral Vascular Interven-
tions was a multicenter prospective 
efficacy study including 172 patients 
with Rutherford class I to V lower-
limb ischemia. All patients had more 
than 70% stenotic lesions up to 10 cm 
long for the above-knee or 3 cm for 
the below-knee segment. The refer-
ence vessel diameter was between 3 
mm and 5 mm and the mean lesion 
length treated was 2.7 cm with 31% 
being total occlusions. Major adverse 
events at 30 days were 1% with de-
vice success rate being 99%. At 1-year 
follow-up, Duplex study showed pri-
mary patency of 61.8% and the Ankle 
Brachial Index (ABI) improved from 
0.59 to 0.82.21

In 2011, the Jetstream G3 SF de-
vice (Bayer HealthCare) was ap-
proved by the FDA for treating vessel 
sizes 1.6 mm and smaller, especially 

in the below-knee segment involving 
tibial vessels. This device has a fixed 
cutter and is designed to navigate 
easily through small-caliber tortu-
ous vessels, debulking heavily calci-
fied segments and chronic total oc-
clusions. The Jetstream G3 Calcium 
Study (NCT01273623) is an ongo-
ing nonrandomized trial assessing the 
treatment effect of the G3 device on 
severely calcified lower-extremity 
disease using IVUS. 

ORBITAL ATHERECTOMY
The Diamondback 360 Orbital 

Atherectomy System (Cardiovascular 
Systems, Inc.) uses a rotational tech-
nique causing preferential sanding 
of the calcified plaque, resulting in a 
fixed luminal gain. The catheter tip 
has an eccentrically placed diamond-
coated crown (30 micron) which is 
driven through a pneumatic powered 
console. This device requires a propri-
etary wire (ViperWire) to advance the 
catheter to the desired segment and 
lubricant (ViperSlide) to avoid ther-
mal damage to the vessel wall. The 
rotational speed can range between 
60 krpm and 200 krpm. Sanding the 
plaque results in microscopic par-
ticulate matter that is flushed by the 
bloodstream and hence large-size dis-
tal embolizations are minimal. 

The OASIS trial was a nonrandom-
ized multicenter registry involving 
124 patients with severe infrapopliteal 
disease (201 stenoses). Of these, 45% 
had critical limb ischemia and 55% 
were claudicants. At 30 days, major 
adverse events were seen in 3.2% in-
cluding death, myocardial infarction, 
amputation, and repeat revasculariza-
tion. The procedural success rate was 
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defined as <30% stenosis and was 
achieved in 90.1% of the study sub-
jects.22 Recently, the CALCIUM 360 
randomized pilot trial showed signifi-
cant benefit with orbital atherectomy 
and balloon angioplasty vs balloon an-
gioplasty alone. This study included 50 
patients with 1:1 randomization. Pro-
cedural success was noted for 93.1% 
of patients in the atherectomy and 
angioplasty arm compared to 82.4% 
in the angioplasty arm. After 1-year 
follow-up there were no amputations 
seen in either group. Target vessel re-
vascularization was seen in 6.7% of 
the study arm compared to 20% in the 
control group. The all-cause mortality 
was 31.6% in the control group with 
none in the study group.9 

Final outcome data from CON-
FIRM 360 was recently reported at 
VIVA 2012, combining results from 
three consecutive prospective regis-
tries (CONFIRM-I, CONFIRM-II, 
and CONFIRM-III) involving 3,135 
patients with 4,766 lesions. This is the 
largest real-world PAD study includ-
ing all comers from over 200 hospitals 
in the United States between 2009 
and 2011. Among these patients, 42% 
of the lesions were above the knee and 
28% were below the knee and 21% of 
the total lesions were multivessel dis-
ease. One of the three orbital ather-
ectomy devices (Diamondback 360, 
Predator 360, Stealth 360; Cardiovas-
cular Systems, Inc.) were used with 
final residual stenosis of 10%±11%. 
Overall, the orbital atherectomy de-
vices use resulted in lower incidence 
of perforation (0.7%), vessel closure 
(1.6%), distal embolization (2.2%), 
and use of bailout stents (4.9%). Com-
paring the final outcomes among the 

three registry studies, it was noted 
that the complication rates signifi-
cantly reduced over time, suggesting 
the expertise with the use of devices is 
associated with improved clinical out-
come. Also, during this period it was 
also observed that the use of crown 
size changed from 2.25 to 1.25 in 
CONFIRM-I and CONFIRM-III 
respectively. 

Similarly, COMPLIANCE 360 
study was a prospective multicenter 
study involving 50 patients random-
ized to orbital atherectomy and 
low-pressure balloon angioplasty vs 
angioplasty alone in the treatment 
of above-the-knee disease. After 12 
months, the use of the atherectomy 
device resulted in lesser mean bal-
loon pressure inflation, 3.97 vs 9.15 
atm (P<.0001) as well as significantly 
reduced need for bailout stents 5.3% 
lesions vs 78.6% (P<.0001) respec-
tively. CALCIUM 360 was also a 
similar study except that below-knee 
diseased segments were included in 
the study. Use of atherectomy devices 
resulted in reduced maximum average 
balloon inflation (5.9 atm vs 9.4 atm), 
dissections (3.3% vs 11.4%), perfora-
tion (0% vs 2.8%), embolization (0% 
vs 2.8%), and bailout stenting (6.9% 
vs 14.3%) compared to balloon angio-
plasty alone. 

DIRECTIONAL ATHERECTOMY
The SilverHawk catheter (Covidi-

en) is a directional cutting device that 
contains a rotating blade inside a tubu-
lar housing. This catheter is connected 
to a battery driven cutter driver and 
can be used to treat vessels of 2 mm 
to 4 mm in diameter. As the plaque is 
shaved using this device, there is mini-

mal or no distal embolization.
Zeller et al reported a 2-year fol-

low-up after using a directional ather-
ectomy device in 36 patients (49 le-
sions) with Rutherford class IV to V 
ischemia and infrapopliteal disease. Of 
these, 67% of the lesions were treated 
with atherectomy. The primary pa-
tency was 67% at 12 months and 60% 
after 24-month follow-up. The sec-
ondary patency rate was 91% and 80% 
at 12- and 24-month follow-up re-
spectively.23 McKinsey et al reviewed 
275 patients (579 lesions) of whom 
174 patients (63.3%) had critical limb 
ischemia and 101 patients (36.7%) 
were claudicants. Overall limb salvage 
was 92.4% with 100% among claudi-
cants. At 18 months, primary patency 
was 52.7% and secondary patency was 
75%.24 Keeling et al reported 61.7% 
primary patency and 76.4% secondary 
patency at 12-month follow-up of 60 
patients (66 limbs) following direc-
tional atherectomy using the Silver-
Hawk device. Restenosis of the vessel 
was noted in 16.7% of the patients at 
3-month follow-up. Overall limb sal-
vage was 86.2%.25

DEFINITIVE LE (determination 
of effectiveness of the SilverHawk pe-
ripheral plaque excision system [SIl-
verHawk Device] for the treatment of 
infrainguinal vessels/lower extremi-
ties) is the largest prospective non-
randomized PAD atherectomy device 
study assessing the effectiveness of di-
rectional atherectomy in the manage-
ment of lower-extremity arterial dis-
ease. The final results were presented 
at the annual VIVA meeting in 2012. 
This study, using sonographic and an-
giographic independent core lab ad-
judicated events enrolled 800 subjects 
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among 47 centers globally. All patients 
with ≥50% stenosis and Rutherford 
class I to VI were included in the study. 
The lesion length included was up to 
20 cm with reference vessel diameter 
of ≥1.5 mm and ≤7.0 mm.

Among them, 599 patients were clau-
dicants (Rutherford class I to III) and 
201 patients with critical limb isch-
emia (Rutherford class IV to VI). There 
were 1,022 total lesions with 27.9% of 
them being longer than 10 cm. Pri-
mary patency at 6 months was 94.1% 
among claudicants and 97.3% in criti-
cal limb ischemia patients. Freedom 
from amputation was reported to be 
95.9%. There was no significant differ-
ence noted between diabetics and non-
diabetics (94.4% and 93.7%). Periproce-
dural complications at 6 months were 
3.8% for distal embolizations and 3.4% 
for perforation.26  The need for inter-
vention regarding all complications oc-
curred in only 1.8% of the patients in 
the cohort. 

At 12 months, the primary patency 
among claudicants continued to be sig-
nificantly better at 82% and 78% for 
peak systolic velocity ratio ≤3.5 and ≤2.4 
respectively. There was no major differ-
ence noted in the outcomes between 
diabetics and nondiabetics. The primary 
endpoint among CLI patients was 95% 
freedom from major unplanned ampu-
tation of the target limb and the pri-
mary patency was 71% (peak systolic 
velocity ratio ≤2.4). Finally the func-
tional analysis (Rutherford score, ABI, 
Walking Impairment Questionnaire, 
EQ-5D Questionnaire) at 12 months 
was consistently better compared to 
baseline. Primary patency of the su-
perficial femoral artery patency varied 
according to the length of the lesion. 

Among claudicants, 78% vessel patency 
was noted in lesion lengths of less than 
4 cm (mean length was 2.3 cm) as com-
pared to 82% in CLI patients. Similarly, 
83% patency was seen among claudi-
cants vs 60% in CLI patients with lesion 
lengths of 4 cm to 9.9 cm (mean length 
was 6.5 cm for claudicants and 6.9 cm 
in CLI patients). The SFA lesion length 
of more than 10 cm showed 65% ves-
sel patency in claudicants (mean length 
14.6 cm) as compared to 63% in CLI 
patients (mean length 15.5 cm). Future 
trials with DEFINITIVE AR, which is 
a prospective, randomized, multicenter 
pilot study involving debulking meth-
ods with drug-eluting (paclitaxel) bal-
loon vs drug-eluting balloon alone is 
currently recruiting patients and the 
results are awaited.

The EASE (Endovascular Atherec-
tomy Safety and Effectiveness) study 
is an ongoing study to assess for the 
safety and effectiveness of the Phoenix 
Atherectomy Catheter (AtheroMed, 
Inc.) aiming to recruit 90 patients 
among 20 centers. This device is pro-
posed to be used in the treatment of 
chronic total occluded vessel and pro-
jected to have minimal distal emboli-
zation-related complication. 

CONCLUSION
Atherectomy devices have evolved 

to become a major therapy in the 
management of PAD, specifically in 
the lower limbs. Because lower-ex-
tremity vessels are exposed to vari-
ous physical and anatomic stresses, 
balloon angioplasty or stenting alone 
may not be appropriate for all patients 
and all scenarios of plaque burden 
or calcification. Appropriate use of 
atherectomy devices to debulk large 

plaque burdens or heavily calcified 
atherosclerotic plaque proves to be 
an important step in establishing cir-
culation with minimal trauma to the 
vessel and a potential for little to no 
plaque left behind following therapy. 
Adjunctive therapy with balloon an-
gioplasty and stenting has been shown 
to improve vessel patency in selected 
patients, however, with the data from 
DEFINITIVE LE it seems that direc-
tional atherectomy has an equal seat 
at the revascularization table with all 
other methods of lower-limb revas-
cularization. With the advent of new 
technologies and devices, atherectomy 
has become a more feasible option in 
the management of PAD. An initial 
debulking strategy allows for the na-
tive vessel and intrinsic vessel char-
acteristics to be maintained such that 
if further intervention is required in 
the future for restenosis, all interven-
tional options are still available. On-
going studies are expected to further 
strengthen the use of these devices 
and potentially allow more robust sci-
entific head-to-head comparisons be-
tween devices, which is critically nec-
essary to define any one technology’s 
role in the treatment of lower-limb 
PAD compared to another. Ultimate-
ly, these direct trials will afford us the 
critical level of evidence to determine 
our “gold standard” for treatment of 
our patients with symptomatic lower-
limb PAD. 
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