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Purpose: To report the early and 6-month results after atherectomy of femoropopliteal
lesions using a new atherectomy device compatible with a 7-F sheath.
Methods: Fifty-two patients (36 men; mean age 67+7 years) with stable, chronic lower limb
occlusive disease were enrolled prospectively in a study of percutaneous directional atherec-
tomy using the SilverHawk Atherectomy Catheter. The 71 femoropopliteal stenoses were
grouped for analysis according to pathology: 30 (42%) primary stenoses, 27 (38%) native vessel
restenoses, and 14 (20%) in-stent restenoses. The overall average stenosis length was 48+64
mm (range 10-300). There were more diabetics in the primary lesion cohort, whereas the
lesion length of the in-stent restenoses was nearly twice as long as the other groups.
Results: After atherectomy alone, residual stenosis was =50% in 68 (96%) lesions and
=30% in 54 (76%). Additional balloon angioplasty was used in 41 (58%) lesions, primarily
to smooth the arterial contour; stents were implanted in 4 (6%) arteries. Acute results after
atherectomy and additional therapy were identical for the 3 groups (mean residual stenosis
15% in primary lesions, 8% in restenoses, and 14% in in-stent lesions). At the beginning
of the study, 5 cases of tissue embolism were successfully treated with aspiration (device
modification solved this problem). Restenosis rates after 6 months were not significantly
lower in primary lesions (27%) compared with the other groups (41% for restenoses and
36% for in-stent restenoses). Reintervention after 6 months was also lowest for primary
lesions (20% versus 37% for restenoses and 29% for in-stent lesions; p=NS). The ankle-
brachial index was significantly improved after 6 months in all groups. At the 6-month
follow-up, >80% of all patients were symptom free or had no lifestyle-limiting claudication.
Conclusions: Short and medium-length femoropopliteal lesions can be treated successfully
and safely in most cases with this new atherectomy catheter. Technical and 6-month clin-
ical outcomes seem to favor primary lesions compared with restenoses.

J Endovasc Ther 2004,11:676-685

Key words: percutaneous directional atherectomy, peripheral occlusive disease, femoro-
popliteal segment, stenosis, restenosis

¢ 2
Balloon angioplasty of femoropopliteal le- length and clinical stage.™'" Even stent im-
sions is limited by a low primary patency of plantation or the use of ablative methods,
30% to 61% after 3 years, depending on lesion such as laser angioplasty, has not led to a sig-
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nificant improvement in long-term results.6.10-24
However, patency seems to be dependent on
the type of stent implanted, with 1-year pri-
mary patency rates of 22% for the Palmaz
stent, 2> 30% for the Wallstent, and 61% for the
SMART nitinol stent.28

Percutaneous removal of obstructive ma-
terial via directional atherectomy represents a
theoretical approach for reducing the rate of
restenosis. Older single-center studies exam-
ining the Simpson AtheroCath reported high
initial success and acceptable long-term re-
sults for the treatment of femoropopliteal ste-
nosis and occlusions.?’-58 Randomized com-
parisons, however, demonstrated a tendency
toward poorer results in comparison to bal-
loon angioplasty.36:44 This, along with the de-
manding technique, probably hindered ath-
erectomy from becoming established as a
routine treatment method.

In an ongoing examination of our clinical
experiences with a new-generation atherec-
tomy catheter,®® we present the 6-month re-
sults with this device in the treatment of fem-
oropopliteal lesions.

METHODS
Study Design

In this prospective single-center study, pa-
tients with stable chronic peripheral occlusive
disease (POD) (e.g., no change of the Ruth-
erford category during the last 6 months) and
a resting ankle-brachial index (ABI) <0.85
were eligible for percutaneous directional ath-
erectomy of stenoses (70% to 99%) in femo-
ropopliteal vessels between 2.5 and 7 mm in
diameter. Patients were excluded from the
study according to the generally accepted
contraindications to performing angiography
or angioplasty. In addition, patients with acute
occlusions, extreme calcification detected by
ultrasound, and/or angiographically visible
thrombus were not eligible. The study was
approved by the local ethics committee, and
all patients gave written consent to partici-
pate.

The pre and postinterventional (before dis-
charge and after 3 and 6 months) evaluations
included clinical examination, Doppler pres-
sure measurement with calculation of the ABI,
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segmental pulse oscillography, color duplex
sonography, and determination of routine
laboratory parameters. Angiographic mea-
surements of the vessel and lesion diameters
were performed using the automated contour
detection program in our department’s angi-
ography unit (Angiostar and Multistar; Sie-
mens, Erlangen, Germany). Based on these
measurements, the degree of diameter ste-
nosis was calculated.

Patient Sample

Fifty-two patients (36 men; mean age 67+7
years) with stable, chronic lower limb POD (11
[21%] Fontaine stage lla; 36 [69%] stage llb; 3
[6%] stage lll; and 2 [4%] stage IV) were en-
rolled in the study. The 71 femoropopliteal le-
sions meeting the treatment criteria were in
the common femoral artery (CFA) (n=2, 3%),
superficial femoral artery (SFA) (n=52, 73%),
and the popliteal artery (n=17, 24%). More
than 1 lesion was treated in 8 (15%) patients
during the same procedure. The average le-
sion length was 48+64 mm (range 10-300).

For purposes of analysis, the lesions were
divided into groups according to pathology:
30 (42%) primary lesions, 27 (38%) native ves-
sel restenoses, and 14 (20%) in-stent steno-
ses. The majority of lesions (63, 89%) were
eccentric or ostial lesions (no difference
among the subgroups, Table 1).

Atherectomy Procedure

The SilverHawk Atherectomy Catheter (Fox
Hollow, Redwood City, CA, USA) consists of
a flexible, smooth-coated shaft with a cutting
unit on the distal end, containing a rotating
blade in a conical, tapered housing (6 cm in
length) with a lateral window (Fig. 1). The
proximal end of the catheter, which has a
locking mechanism, connects to a disposable,
battery-operated electric motor. The device
was designed for vessels measuring 3 to 7
mm in diameter.

Patients were begun on antiplatelet therapy
(100 mg/d aspirin) prior to treatment but at
least by the day before; a 600-mg loading dose
of clopidogrel was given the day before the
procedure. The catheter was loaded into a 7-F
sheath (Avanti [Cordis, Haan, Germany]; Balkin
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Table 1
Baseline Characteristics of 71 Femoropopliteal Lesions Treated With
the SilverHawk Atherectomy Catheter

Primary Restenotic In-Stent

Lesion Lesion Restenosis

(n=30) (n=27) (n=14) p
Men 19 (63%) 16 (60%) 8 (61%) NS
Age, y 63=9 65+12 65+12 NS
Diabetes mellitus 12 (40%) 8 (30%) 3(21%) NS
Smoker 17 (57%) 11 (41%) 9 (64%) NS
Hypercholesterolemia 19 (63%) 16 (59%) 12 (86%) NS
Hypertension 18 (60%) 13 (48%) 10 (71%) NS
Family history 5 (17%) 4 (15%) 7 (50%) 0.02
CFA 1 (3%) 1 (4%) 0 (0%) NS
SFA 25 (83%) 18 (67%) 9 (64%) NS
Popliteal artery 4 (14%) 8 (29%) 5 (36%) NS
Lesion length, mm 40+60 40+26 77+88 NS
Reference diameter, mm 5.00+0.70 4.78+0.73 4.86+0.72 NS
MLD, mm 0.79+0.61 0.84+0.58 0.77+0.52 NS
Diameter stenosis, % 82+11 80+10 86+7 NS
ABI at baseline 0.57*+0.18 0.55*0.15 0.63*0.06 NS
L 2 2

Continuous data presented as mean * standard deviation.
NS: not significant, MLD: minimal lumen diameter, CFA: common femoral artery, SFA:
superficial femoral artery, ABI: ankle brachial index.

Multiple lesions treated in 8 patients.

[Cook, Bjaeverskov, Denmarkl), using the
monorail technique over a 0.014-inch guide-
wire. Via a percutaneous access, the sheath
was introduced over the wire and passed to
the femoropopliteal segment. Intra-arterial
heparin (2500 to 5000 units) was administered.

With the catheter proximal to the stenosis,
the electric motor was started by retracting
the positioning lever, which deflected the tip
of the catheter so that the window with the
rotating blade was placed against the vessel
wall. The device was slowly advanced
through the stenosis. Pushing forward on the
positioning lever turned off the blade and re-

turned it to the housing. Simultaneously, the
tip straightened, pushing the atherectomized
tissue forward into the conical catheter tip.
The catheter was then pulled back, rotated
~45°, and directed toward a new area of ste-
nosis. After 4 passes through stenosed areas,
the catheter tip must be emptied of atherec-
tomized material (Fig. 2). If necessary, the sys-
tem can be reintroduced, and the procedure
repeated. Completion angiography confirms
successful recanalization of the vessel. In our
series, clopidogrel (75 mg/d) was given for 4
weeks after the procedure and aspirin indefi-
nitely.

Distal portion deflected

Figure 1 ¢ Drawing of the tip of the SilverHawk atherectomy catheter.
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Figure 2 & Excised tissue after atherectomy of a
long restenotic superficial femoral artery lesion.

Definitions and Statistical Analysis

Continuous variables are given as the mean
+ standard deviation and categorical variables
as the counts and percentages. Technical suc-
cess after atherectomy was defined as =50%
residual stenosis; primary treatment success
was defined as =30% residual stenosis. The 2-
tailed t test was used to analyze comparisons;
p<<0.05 was considered significant.

RESULTS

All interventions were primarily successful
and carried out according to the prospectively
defined criteria. One lesion was atherectomi-
zed after predilation, but the other 70 (99%)
were treated primarily. After atherectomy
alone, residual stenosis was =50% in 68
(96%) lesions and =30% in 54 (76%). Never-
theless, 41 (58%) lesions were balloon dilated,
primarily to smooth the contour of the lesion
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without any measurable reduction in steno-
sis. A stent was implanted in 4 (6%) lesions.
One type C dissection occurred after predila-
tion of a functional occlusion, and it could not
be removed by the atherectomy catheter. In
another, a preprocedurally detected defor-
mation of a previously implanted stent was
found. The last 2 cases involved 50% and 60%
residual stenoses, respectively, owing to ec-
centric calcification.

The average diameter stenosis after ather-
ectomy was reduced from 84%=+10% (range
70%-100%) to 27%=*23% (range 0%-100%),
and the minimal lumen diameter (MLD) was
increased from 0.88+0.70 to 3.69+0.90 mm.
After additional balloon dilation or stent im-
plantation, the diameter stenosis was reduced
to 12%+9% (range 0%-30%) and the MLD
reached 4.5+0.7 mm (proximal reference di-
ameter: 5.0+0.7 mm).

Duration of the intervention, number of de-
vice insertions, and number of lesion passes
was significantly higher in the in-stent steno-
ses compared to the other groups (Table 2)
because of the nearly doubled lesion length
in this cohort. Acute results after atherectomy
and additional therapy were nearly identical
for the 3 groups.

One patient died 2 months after the inter-
vention from a myocardial infarction; other-
wise, follow-up was complete in the remain-
ing 51 patients. Restenosis rates after 6

* 4
Table 2
Acute Atherectomy Results

Primary Restenotic In-Stent

Lesion Lesion Restenosis

(n=30) (n=27) (n=14) p
Lesion passes 7.1+£2.9 6.8+3.6 9.9+3.2 0.02
Device insertions 2.0x£1.2 2.0+1.1 3.5+1.7 0.01
Duration of atherectomy, min 11+8 11+4 20+14 0.04
MLD postatherectomy, mm 3.6+1.0 3.8+0.7 3.3+%1.2 NS
DS postatherectomy, % 29+18 22+15 31+23 NS
MLD final, mm 4.4+0.7 4.4+0.7 4.2+05 NS
DS final, % 15+9 8+9 14+8 0.01
Balloon angioplasty 17 (57%) 16 (59%) 8 (57%) NS
Stenting 1 (3%) 2 (8%) 1(7%) NS
ABI before discharge 0.84+0.19 0.77+0.15 0.85+0.12 NS
* 4

Continuous data presented as mean * standard deviation.
MLD: minimal lumen diameter, NS: not significant, DS: diameter stenosis, ABI: ankle-

brachial index.
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L 2 L 2
Table 3
Atherectomy Results at 3 and 6 Months

Primary Restenotic In-Stent
Lesion Lesion Restenosis
(n=30) (n=27) (n=14) p
Three months
Restenosis, % 2 (7%) 8 (30%) 3 (21%) NS
Reintervention, % 1 (3%) 8 (30%) 3 (21%) 0.02
ABI 0.84+0.19 0.77+0.15 0.86+0.12 0.049
Six months
Restenosis, % 8 (27%) 11 (41%) 5 (36%) NS
Reintervention, % 6 (20%) 10 (37%) 4 (29%) NS
ABI 0.72+0.2 0.64+0.16 0.72+0.27 NS
Primary patency, % 80 63 71 NS
Assisted primary patency, % 100 96 79 NS
Secondary patency, % 100 96 93 NS
L 2 L 2

ABI: ankle-brachial index, NS: not significant.

months (Table 3) were not significantly lower
in the primary lesions (27%) compared with
the others (41% for restenoses and 36% for
in-stent restenoses). The rate of reinterven-
tions after 6 months was the lowest in the pri-
mary lesions (20% versus 37% versus 29%;
p=NS).

The average ABI in the entire study cohort
increased from 0.62+0.12 to 0.87+0.27 after
treatment, 0.84+0.24 after 3 months, and

0.72+0.21 after 6 months. In the subgroup
analysis (Table 3), the ABI was significantly
improved after 3 and 6 months in all groups,
with the lowest indices in the restenotic le-
sions (primary lesions: 0.57*+0.18 to
0.84+0.19 and 0.72+0.20; restenoses:
0.55+0.15 to 0.77*+0.15 and 0.64*0.16; in-
stent restenoses: 0.62+0.06 to 0.86+0.12 and
0.72+0.27). The course of the POD stage ac-
cording to the Fontaine classification® is plot-

100% ? 77

90% -—A

80% +—

70% +—

o Bstage IV
u stage lll

50% +— O stage llb

0% 1 O stage lla
O stage |

30% +— —

20% - —

10% A —

I]% = T T T T T
pre pre pre 3mo 3mo 3mo 6mo 6mo 6mo
1 2 3 1 2 3 1 2 3

Figure 3 ® Fontaine classification of lower limb ischemic symptoms at different time periods
according to subgroups: 1=primary lesions, 2=restenosis, and 3=in-stent restenoses.
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Figure 4 ¢ Long, diffuse, in-stent lesion in the SFA (A) and proximal popliteal artery (B) before
(left images) and after (right images) atherectomy.

ted in Figure 3. At the 6-month follow-up,
>80% of the patients in all subgroups were
symptom free or had no lifestyle-limiting
claudication.

Complications

During the first 8 interventions, there were
5 distal embolizations of atherectomized wall
components. In each case, the embolus was
completely removed with a 5-F or 6-F aspira-
tion catheter in a single maneuver. The em-
bolized material came from the small vent
hole near the end of the catheter tip. The res-
ervoir tip was modified by the manufacturer,
and a maximum of 4 passes was imposed be-
fore the catheter tip had to be emptied. After

this, we encountered no further embolic
events. As mentioned above, a type C dissec-
tion after postatherectomy balloon dilation
had to be treated with a stent. There were 7
occasions on which the blade became tem-
porarily locked in the forward position in the
catheter tip. This usually happened (n=6)
when the vessel had a bend or turn, but once
it occurred during crossover application of the
device. The blade could always be freed by
turning the locking mechanism.

DISCUSSION

The evolution of percutaneous atherectomy
has not been as successful in the peripheral
vessels as it has in the coronary arteries. The
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Simpson AtheroCath, for example, did not be-
come established for treatment of femoro-
popliteal lesions in the early 1990s because of
its complex operation and poorer results
compared to balloon angioplasty?’-58; how-
ever, the system presented here, which is
simple to operate, could lead to a rebirth of
directional atherectomy.

Atherectomy alone in the majority (96%) of
our cases was technically successful, but ad-
ditional balloon dilation in ~60% of cases
served to visually improve the angiographic
appearance of the recanalized artery. Only
about 24% required dilation to achieve pri-
mary treatment success. Thus, the initial use
of the system tested here is more successful
than the Simpson AtheroCath, which had pri-
mary success rates of 82% to 100%.42-43 Ad-
ditional stent implantation was indicated only
in a minority of lesions, which is noteworthy
since most of the lesions were eccentric or
ostial. The treatment of these types of lesions,
along with intrastent restenoses, represents
the main indication for directional atherecto-
my in our view. However, we also successful-
ly treated lengthy lesions up to 30 cm (Fig. 4).

The only randomized trial of balloon dila-
tion versus atherectomy with the Simpson
AtheroCath was not able to demonstrate any
advantage for atherectomy in the treatment of
femoropopliteal lesions.36:44 However, individ-
ual single-center studies provided over-
whelmingly positive long-term results.27-3537-
43.45-58 |n our small cohort, midterm results
are encouraging, considering that technically
challenging lesions were included in the
study. The lowest 6-month restenosis rate we
saw was in primary lesions (27%). However,
even the in-stent restenotic lesions had a low-
er restenosis rate (36%) than previously re-
ported for a rotational thrombectomy device
(59%%1).

From a technical standpoint, the catheter
could easily be controlled in both antegrade
and crossover use, despite wire guidance of
the monorail system over only a short dis-
tance. The few occasions in which the blade
became temporarily locked in the forward po-
sition occurred primarily when the vessel had
a bend or turn; the blade could always be eas-
ily freed. The atherectomy catheter we tested
in this study was limited to lesions with a
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slight degree of calcification because the ro-
tating stainless steel blade did not cut
through pure calcium. Since this study, the
company has developed a system with a ro-
tating carbide blade that can remove calcified
plagues and stent struts.

The only noteworthy complication was the
peripheral embolizations at the beginning of
our experience. An overly large volume of
atherectomized material in the reservoir
forced material through the vent hole in the
catheter tip, but the embolized plaque was
easily aspirated. A new version of the reser-
voir has been engineered by the manufactur-
er so that atheroma components can no lon-
ger pass out the hole. Moreover, the modified
tip makes flushing of the reservoir very sim-
ple.

Further studies have to investigate the best
use of this new atherectomy device: solo ath-
erectomy to avoid the barotrauma induced by
the balloon or atherectomy combined with
balloon angioplasty to achieve the best acute
MLD. Furthermore, a randomized trial com-
paring atherectomy, balloon angioplasty, and
stenting is needed to find out if atherectomy
has favorable long-term results.
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