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1. Introduction

ABSTRACT

The objective of the work is to study the clinical and haemodynamic evolution, over 1 year, in patients
with femoropopliteal arterial pathology treated by means of atherectomy with the SilverHawk device.
Materials and methods: Nineteen (19) patients were treated between December 2008 and May 2009,
collecting data on seX, age, comorbidity and clinical degree, with prospective monitoring over 12 months
of clinical symptoms, physical examination and ecodoppler, obtaining results on diameter and peak
systolic velocity at different arterial levels.
Results: Of the 19 patients, 14 were men and 5 women, with a mean age of 70 years, hypertensive (73%),
diabetic (63%) and smokers (63%). Six (6) presented disabling claudication and 13 critical ischemia with
advanced distal trophic lesions in 5. A good arteriographic result was obtained in 12 cases, a stent was
placed on the superficial femoral artery in 5 due to suboptimal outcome. Contrast extravasation was
observed in 2, with femoropopliteal bypass performed and one exclusion with endoprosthesis for repair.
In the ecodoppler after 1, 3, 6 and 12 months, a progressive reduction in lumen diameter and peak
intraarterial systolic velocity was observed, particularly on the distal superficial femoral artery. After
one year, 7 patients (36.8%) were symptom-free, 5 (26.3%) presented mild or moderate intermittent
claudication and 1 patient (5.3%) presented localised distal trophic lesion. Four (4) major amputations
were performed, in 2 the knee was preserved, there were 3 thromboses due to the procedure, a secondary
endovascular procedure was performed in one case and a femoropopliteal bypass in another, and there
were 2 non procedure-related deaths.
Discussion: atherectomy with SilverHawk achieves an improvement in clinical degree, with a good rate
of extremity salvage in patients with critical ischemia. In the first year, the ecodoppler shows evolution
of the arteriopathy, without this necessarily meaning a clinical worsening.

© 2011 Elsevier Ireland Ltd. All rights reserved.

out stent, cryoplasty, directional atherectomy, laser atherectomy,
remote endarterectomy [2].

The increase in the population’s life expectancy is giving rise to
an increase in the prevalence of peripheral obstructive arteriopa-
thy, significantly affecting patient quality of life.

Up until several years ago, the surgical treatment of arteriopa-
thy at infrainguinal level by means of bypass was regarded as the
“gold standard” [1]. In recent years, different devices for the perfor-
mance of endoluminal treatment of infrainguinal lesions have been
developed and perfected, such as balloon angioplasty with or with-
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The endoluminal treatment of peripheral arteriopathy provides
lower morbidity and mortality, with good permeability results with
regard to bypass revascularisation [3], hence in many centres it has
become the first option in the treatment of infrainguinal lesions.

In 1987, a directional atherectomy was introduced, namely
the Simpson device, with a complex mechanism whose results
were poorer than expected [4]. In 2003, the Food and Drug
Administration (FDA) approved a new, easy-to-manage infrain-
guinal directional atherectomy device, the SilverHawk Plaque
Excision System (Fox Hollow Technologies, Redwood City, CA),
which features a carbide blade that eliminates material from
the damaged arterial wall, and unlike balloon angioplasty and
stent placement, which expand the arterial lumen mechanically,
this device does not use a balloon, thus reducing barotrauma,
minimising vessel wall trauma [5-11]. Several works describe
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the SilverHawk atherectomy device and the results it presents
[12-22].

The objective of our work is to study clinical and haemody-
namic evolution over 12 months, with measurements performed
by ecodoppler of femoropopliteal arterial pathology treated with
atherectomy with SilverHawk device.

2. Materials and methods

A prospective study was performed over 12 months with 19
patients with femoropopliteal arterial lesions treated by atherec-
tomy between December 2008 and May 2009. The SilverHawk
device (Fox Hollow Technologies, Redwood City, CA) was used for
the atherectomy. Data were collected on age, gender, cardiovas-
cular risk factors, comorbidity and clinical degree according to the
classification described by Rutherford et al. [23].

All the patients were studied preoperatively by means of arteri-
ography, the lesions were classified according to the TASC criteria
[1], the number of distal aperture vessels was considered, and
whether it was stenosis or arterial occlusion.

The atherectomies were performed in the operating theatre by
a vascular surgeon by means of anterograde homolateral femoral
access. Data were obtained on the device, and different-sized
devices - MS, LL or LX - were used, according to the diameter of
the vessel to be treated; and the use of the distal filter, the criteria
for the use of the filter were on plaques that were more susceptible
to emboly and when the patient presented poor distal aperture. A
balloon angioplasty and/or stent placement was performed in the
same operation when significant residual stenosis was observed
(>30%).

Technical success was regarded as a final arteriographic image
with correct arterial rechannelling, residual stenosis <30% and
the absence of contrast extravasation; clinical success was the
improvement of clinical degree, healing of distal lesions and when
major amputation of the extremity was not required.

These patients were monitored after 1, 3, 6 and 12 months, eval-
uating clinical symptoms, physical examination, ankle-arm index,
antiaggregant and/or anticoagulant treatment and an exploration
was performed by means of an ecodoppler of the infrainguinal arte-
rial axis of the operated extremity, the data on peak systolic velocity
and diameter of the intraarterial lumen at different levels were col-
lected: the common femoral artery, the superficial femoral in its
proximal segment, the superficial femoral artery before Hunter’s
canal and the popliteal infragenicular artery before the anterior
tibial origin. A Philips Envisor C HD ecodoppler with a multifre-
quency probe of 3-12 MHz was used for the study. The ecodoppler
was performed by the same explorer.

Primary permeability was defined as the absence of thrombosis
of the treated arterial segment by means of ecodoppler study in
monitoring, and salvage of an extremity through not having to per-
form a major amputation, either at supracondylar or infrapatellar
level.

The statistical analysis was performed with the SPSS program
version 16.0, the Student’s ¢t was used to analyse the quantitative
variables and the Chi-square test to study the qualitative variables.
The Kaplan-Meier method was used for survival analysis. A p <0.05
was regarded as a statistically significant difference.

3. Results

Of the 19 patients studied, 14 (73.7%) were men and 5
(26.3%) women, with a mean age of 70 years (range 50-89).
They presented the following cardiovascular risk factors: 73.7%
hypertension, 63.2% with diabetes, 63.2% smokers and 31.6% with
dyslipemia, with a record of ischemic heart disease in 31.6%,

Table 1

Demography and comorbidity (n, %).
Men 14(73.7%)
Women 5(26.3%)
Age 70 years (50-89)
Hypertension 14(73.7%)
Diabetes 12(63.2%)
Smokers 12(63.2%)
Dyslipemia 6(31.6%)
Heart disease 6(31.6%)
Bronchitis 3(15.8%)
CKD 3(15.8%)

CKD: chronic kidney disease.
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Fig. 1. Clinical evolution of patients according to the Rutherford category in the
preoperative phase, 1st, 3rd, 6th and 12th month.

chronic bronchitis in 15.8% and chronic renal failure in 15.8%
(Table 1).

The preoperative clinical symptoms presented by the patients
were 6 with severe intermittent claudication (degree 3), 3 with
pain at rest (degree 4), 5 with trophic lesion or localised gangrene
(degree 5) and 5 with advanced gangrene (degree 6) and with a
mean ankle-arm index of 0.36.

The arteriographic lesions treated according to the TASC clas-
sification were 9 type A (47.4%), 8 type B (42.1%) and 2 type C
(10.5%); 12 were lesions that produced stenosis and 7 occlusions;
the superficial femoral artery was affected in 14 cases, the popliteal
artery in 2 and both in 3. In 2 patients, distal runoff was to 3 ves-
sels, to 2 vessels in 3, to 1 vessel in 8 and in 6 patients there
was severe distal involvement with divergent collateral circula-
tion.

The MS device was used in 12 cases, LS in 6 and LX in 1; the
distal filter was used in 6 cases and a nithinol stent was placed
in 5. Contrast extravasation arose as a complication in 2 patients,
requiring the implantation of an covered stent and the performance
of a femoropopliteal bypass in each one of the cases for arterial
repair. Postoperative treatmentin 13 patients was with clopidogrel,
oral anticoagulation in 3, in one case it was combined with 100 mg
adiro and in another with clopidogrel, with adiro at a dose of 300 mg
in one and with triflusal in one.

The clinical evolution presented by patients in the controls after
1,3,6and 12 months is represented in Fig. 1. After 1 year, 7 patients
(36.8%) were symptom-free, 2 of them required amputation below
the knee and another one presented thrombosis of the superficial
femoral artery on the ecodoppler, 5 (26.3%) mild-moderate inter-
mittent claudication (Rutherford degree 1-2) and 1 patient (5.3%)
localised distal trophic lesion (degree 5).

The mean preoperative ankle-arm index was 0.36, which
increased in the exploration after the 1st month to 0.76, the mean
index after one year was still above preoperative level (0.58), and
comparing the preoperative mean to the mean after one year there
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Fig. 4. Evolution of mean peak systolic velocity (cm/s).

is an increase of 0.22 in the index. The evolution of the mean index
is represented in Fig. 2.

The mean diameter of the arterial lumen is expressed in mil-
limetres (mm), at the level of common femoral artery, proximal and
distal femoral superficial and infragenicular popliteal artery, which
were found after 1, 3, 6 and 12 months in the study by means of
ecodoppler are reflected in Fig. 3. It was observed that in the course
of the controls, there is a tendency towards a reduction in the arte-
rial lumen at all the arterial levels monitored, this reduction is more
important at distal superficial and infragenicular popliteal level.

The mean peak systolic velocity is expressed in cm/seg at the
level of common femoral artery, proximal superficial femoral and
distal superficial and infragenicular popliteal artery, which were
found after 1, 3, 6 and 12 months in the study by means of
ecodoppler are reflected in Fig. 4. The means of intraarterial systolic
peak velocities were observed, there being a marked reduction in
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Fig. 6. Kaplan-Meier primary permeability table.

mean velocity at distal femoral artery level and an increase in mean
velocity in the infragenicular popliteal artery.

An extremity salvage rate of 79% after one year was obtained
(Fig. 5), four major amputations were performed, a more distal
amputation was performed in 2 of them, preserving the knee,
thanks to the good outcome of the atherectomy of the superficial
femoral artery; and a primary permeability of 58% after one year
(Fig.6). Monitoring with ecodoppler showed occlusion of the super-
ficial femoral artery in 3 patients, 2 of them in the control after 12
months, one case was resolved with balloon angioplasty, and the
other did not require surgical treatment as the patient remained
symptom-free, and the third occurred 9 months after the operation,
requiring revascularisation by means of femoropopliteal bypass,
obtaining secondary permeability of 62% after one year.

In the follow-up there were two deaths not related to the sur-
gical procedure, one for acute renal failure and another due to
myocardial infarct, after 1 and 5 months, respectively.

The statistical analysis was performed relating patient comor-
bidity, preoperative clinical status, arterial involvement according
to the TASC, the distal runoff, the use of stent and distal filter to arte-
rial permeability and to salvage of the extremity. In the patients
that presented arterial permeability after 12 months there were
fewer with chronic bronchitis (p=0.029), and the patients with
best prognosis in terms of extremity salvage were those with less
preoperative clinical involvement (p=0.003) and those with less
involvement of the distal arteries (p=0.012).

4. Discussion

Since the 90s there has been a major development in differ-
ent endovascular treatment devices for peripheral arteriopathy.
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Endovascular treatment has taken on an important role as first-
choice treatment in infrainguinal arterial lesions. Revascularisation
treatment by means of peripheral bypass presents a series of
complications such as infection, thrombosis and oedema of the
extremity. On the other hand, endovascular treatment delivers a
series of advantages, such as shorter recovery time, less hospital
stay, lower cost and lower percentage of complications [3].

In 2003, the FDA approved a peripheral directional atherectomy
device, SilverHawk (Fox Hollow Technologies, Redwood City, CA),
and since then works describing how it works and its outcomes
have been published. The main theoretical advantage of this device
is plaque excision by means of a rotating blade, hence it would not
be necessary to dilate the lesion, reducing trauma on the arterial
wall.

Of the 19 patients studied, more than half presented a cardio-
vascular risk factor such as hypertension, diabetes or smoking, and
a lesser percentage, dyslipemia or a background of ischemic heart
disease, chronic bronchitis or chronic renal failure.

In terms of results, of the 10 patients with gangrene, 5 localised
and 5 advanced, major amputation was required in only 4 cases,
and moreover, in 2 of them, the amputation was more distal than
expected, preserving the knee, due to a good procedure outcome,
which translates into a better functional recovery of the patient.
Similar results to those described by Kandzari et al. [24]. In patients
with localised trophic lesion, healing was obtained or a minor
amputation was performed, which did not limit the functionality
of the extremity. Clinical degree significantly determined salvage
of the extremity.

The most frequently lesions treated were type A or B arterial
involvement according to the TASC, it was only performed in 10%
of TASC C lesions, the most frequent lesion was stenosis of the
superficial femoral artery. No statistically significant differences
were observed between TASC degree and permeability or salvage
of the extremity. In 14 patients, involvement of the distal artery
was important, with a single permeable distal vessel or divergent
collateral network, distal arterial involvement did present a signifi-
cant difference in terms of extremity salvage, a greater involvement
of the distal arteries presents a greater probability of major ampu-
tation of the extremity. Davies et al. [25] refer to the importance of
runoff in terms permeability of the endovascular procedure.

The significant complications of the procedure were, in 2 cases,
contrast extravasation, observed in the intraoperative arterio-
graphic control, and which were resolved with an covered stent
in one and a femoropopliteal bypass in the other, no other type of
local or general complications were observed.

In the evolution of the mean ankle-arm index, a substantial
increase of 0.4 was observed in the first-month control with regard
to the preoperative value, a figure which was maintained 0.22
above the preoperative value after one year.

This work involved infrainguinal arterial monitoring by
ecodoppler for the 12 first months, where the mean diameter of
the intraarterial lumen was seen to decrease, 0.37 mm in the com-
mon femoral, 0.63 mm in the proximal superficial femoral, 1.67 mm
in the distal superficial femoral and 1.45mm in the infragenicu-
lar popliteal, with a more marked progression in the stenosis of
the arterial lumen at distal and popliteal superficial femoral level,
which would therefore be the arteries most affected by the pro-
gression of the arteriosclerotic disease.

In the monitoring with ecodoppler we also observed a reduction
in mean intraarterial systolic velocity of 4.18 cm/s in the com-
mon femoral artery, 4.79 cm/s in the proximal superficial femoral,
16.4cm/s in the distal superficial femoral and an increase of
11.9 cm/s in the popliteal infragenicular, in the superficial femoral
artery there was a widening of the systolic curve, disappearance
of the negative diastolic wave and a progressive reduction in peak
systolic velocity, there being increased velocity in only three cases.

Therefore, monitoring with ecodoppler showed arteriosclerotic
progression at femoropopliteal level, which did not necessarily
mean clinical worsening, the atherectomy treatment managed to
heal the distal lesions which had indicated the intervention, and a
correct healing of the amputations performed.

In the statistical analysis that compared the influence of dif-
ferent factors with permeability and salvage of the extremity,
statistical significance was observed between the involvement of
the distal arterial aperture and preoperative clinical status with sal-
vage of the extremity and a background of chronic bronchitis with
the permeability of the procedure. No significant difference was
obtained with regard to risk factors, comorbidities, TASC degree,
use of stent or distal protection filter with permeability and sal-
vage of the extremity. The use or not of an embolic protection filter
is a controversial issue, some works are in favour of using a filter
systematically, whereas others only recommend its use if there is
a runoff to a single distal vessel or plaque which is regarded as a
potential cause of embolisation [26-30]. Our work has not found
differences that justify systematic use.

There are several works presenting femoropopliteal atherec-
tomy with good outcomes in permeability and salvage of the
extremity [12,13,16-18,21,22], and our study obtained compa-
rable permeability and limb salvage rate after one year. These
percentages would be comparable to those obtained with other
endovascular treatment devices [31]. Some works obtain atherec-
tomy permeabilities well below these results, thus placing in doubt
atherectomy outcomes at infrainguinal level [14,15,20].

This study presents a series of limitations, the number of
patients followed up is small and they are the first cases treated
in our department, which could impact the learning curve in
the results obtained. A long-term follow-up of the patients sub-
sequently treated will be necessary, which may lead to an
improvement in outcomes.

Further works that demonstrate the efficacy of this procedure
in the medium- and long-term will be needed, which justify per-
formance of the atherectomy with SilverHawk in the endovascular
treatment of the peripheral obstructive arteriopathy.

References

[1] Norgren L, Hiatt WR, Dormandy JA, et al. TASC Il Working group Inter-Society
Consensus for the management of peripheral arterial disease (TASC II). Eur ]
Vasc Endovasc Surg 2007;33(suppl. 1):S1-75.

[2] Mahmud E, Cavendish JJ, Salami A. Current treatment of peripheral arte-
rial disease role of percutaneous intervencional therapies. ] Am Cardiol
2007;50:473-90.

[3] Adam DJ, Beard JD, Cleveland T, et al. BASIL trial participants bypass versus
angioplasty in severe ischaemia of the leg (BASIL): multicentre, randomized
controlled trial. Lancet 2005;366(December (9501)):1925-34.

[4] Vroegindeweij D, Tielbeek AV, Buth J, et al. Directional atherectomy versus
balloon angioplasty in segmental femoropopliteal artery disease: two-year
follow-up with color-flow duplex scanning. ] Vasc Surg 1995;21:255-69.

[5] Shrikhande GV, McKinsey JF. Use and abuse of atherectomy: where should it
be used? Semin Vasc Surg 2008;21(December (4)):204-9.

[6] Bunting TA, Garcia LA. Peripheral atherectomy: a critical review. ] Interv Cardiol
2007;20(December (6)):417-24.

[7] Shafique S, Nachreiner RD, Murphy MP, et al. Recanalization of infrain-
guinal vessels: SilverHawk, laser, and the remote superficial femoral artery
endarterectomy. Semin Vasc Surg 2007;20(March (1)):29-36.

[8] Slovut DP, Demaioribus CA. Hybrid revascularization using SilverHawk
atherectomy and infrapopliteal bypass for limb salvage. Ann Vasc Surg
2007;21(November (6)):796-800. Epub 2007 Aug 28.

[9] Mureebe L, McKinsey JF. Infrainguinal arterial intervention: is there a role for
an atherectomy device? Vascular 2006;14(September-October (5)):313-8.

[10] Lin S, McKinsey JF. Plaque excision for the treatment of infrainguinal arterial
occlusive disease. Tech Vasc Interv Radiol 2005;8(December (4)):165-8.

[11] Rubin BG. Plaque excision in the treatment of peripheral arterial disease. Per-
spect Vasc Surg Endovasc Ther 2006;18(March (1)):47-52.

[12] Biskup NI, Thnat DM, Leon LR, et al. Infrainguinal atherectomy: a retrospec-
tive review of a single-center experience. Ann Vasc Surg 2008;22(November
(6)):776-82.

[13] McKinsey JF, Goldstein L, Khan HU, et al. Novel treatment of patients with lower
extremity ischemia: use of percutaneous atherectomy in 579 lesions. Ann Surg
2008;248(O0ctober (4)):519-28.



M.A. Ibdiiez et al. / European Journal of Radiology 80 (2011) 543-547 547

[14] Sarac TP, Altinel O, Bannazadeh M, et al. Midterm outcome predictors for lower
extremity atherectomy procedures. ] Vasc Surg 2008;48(October (4)):885-90.

[15] Chung SW, Sharafuddin M], Chigurupati R, et al. Midterm patency following
atherectomy for infrainguinal occlusive disease: a word of caution. Ann Vasc
Surg 2008;22(May-June (3)):358-65.

[16] Zeller T, Sixt S, Schwarzwalder U, et al. Two-year results after directional
atherectomy of infrapopliteal arteries with the SilverHawk device. ] Endovasc
Ther 2007;14(April (2)):232-40.

[17] Keeling WB, Shames ML, Stone PA, et al. Plaque excision with the SilverHawk
catheter: early results in patients with claudication or critical limb ischemia. ]
Vasc Surg 2007;45(January (1)):25-31.

[18] Zeller T, Rastan A, Sixt S, et al. Long-term results after directional atherec-
tomy of femoro-popliteal lesions. ] Am Coll Cardiol 2006;48(October (8)):
1573-8.

[19] Ramaiah V, Gammon R, Kiesz S, et al. Midterm outcomes from the TALON Reg-
istry: treating peripherals with SilverHawk: outcomes collection. ] Endovasc
Ther 2006;13(October (5)):592-602.

[20] Yancey AE, Minion DJ, Rodriguez C, et al. Peripheral atherectomy in TransAt-
lantic InterSociety Consensus type C femoropopliteal lesions for limb salvage.
J Vasc Surg 2006;44(September (3)):503-9.

[21] Zeller T, Rastan A, Schwarzwadlder U, et al. Percutaneous peripheral atherec-
tomy of femoropopliteal stenoses using a new-generation device: six-month
results from a single-center experience. ] Endovasc Ther 2004;11(December
(6)):676-85.

[22] Zeller T, Rastan A, Schwarzwadlder U, et al. Midterm results after atherectomy-
assisted angioplasty of below-knee arteries with use of the SilverHawk device.
J Vasc Interv Radiol 2004;15(December (12)):1391-7.

[23] Rutherford RB, Baker D, Ernst C, et al. Recommended standards for
reports dealing with lower extremity ischemia: revised version. ] Vasc Surg
1997;26:517-38.

[24] Kandzari D, Kiesz S, Allie D, et al. Procedural and clinical outcomes with
catheter-based plaque excision in critical limb ischemia. ] Endovasc Ther
2006;13:12-22.

[25] Davies MG, Saad W, Peden E, et al. Percutaneous superficial femoral
artery interventions for claudication—does runoff matter? Ann Vasc Surg
2008;22(November (6)):790-8.

[26] Shavelle DM. Plaque excision with distal protection: a logical next step
for superficial femoral artery SilverHawk atherectomy. ] Invasive Cardiol
2009;21(January (1)):11-2.

[27] Kaid KA, Gopinathapillai R, Qian F, et al. Analysis of particulate debris after
superficial femoral artery atherectomy. ] Invasive Cardiol 2009;21(January
(1)):7-10.

[28] Shammas NW, Dippel EJ, Coiner D, et al. Preventing lower extremity distal
embolization using embolic filter protection: results of the PROTECT registry. ]
Endovasc Ther 2008;15(June (3)):270-6.

[29] Lam RC, Shah S, Faries PL, et al. Incidence and clinical significance of dis-
tal embolization during percutaneous interventions involving the superficial
femoral artery. ] Vasc Surg 2007;46(December (6)):1155-9.

[30] Suri R, Wholey MH, Postoak D, et al. Distal embolic protection during
femoropopliteal atherectomy. Catheter Cardiovasc Interv 2006;67(March
(3)):417-22.

[31] Muradin G, Bosch ], Stijnen T, et al. Balloon dilation and stent implantation
for treatment of femoropopliteal arterial disease: meta-analysis. Radiology
2001;221:137-45.



	Clinical and haemodynamic evolution of lesions treated by means of atherectomy with SilverHawk in the femoropopliteal sector
	Introduction
	Materials and methods
	Results
	Discussion
	References


