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Coronary restenosis is still the main
limitation of percutaneous coronary inter-
ventions. The use of stents in more than
80% of procedures has reduced the inci-
dence of restenosis, but created a “new en-
emy that is more difficult to treat”: the in-
stent restenosis underlying the failure of
about 20% of successful procedures using
bare metal stents.

Restenosis after percutaneous translu-
minal coronary angioplasty (PTCA) is the
result of interactions between elastic recoil,
neointimal proliferation and vascular re-
modeling whereas, after stent implantation,
restenosis is mainly caused by smooth and
fibrotic cell hyperplasia.

Post-PTCA residual plaque is consid-
ered as being a major determinant of
restenosis risk: the inverse relationship be-
tween final minimal luminal diameter and
restenosis has been well documented, and
is reported in the English literature as the
“bigger is better effect”1, whereas “less is
better” has been demonstrated to be the rule
when talking about final plaque volume in
relation to restenosis2.

These observations have encouraged the
introduction of a more aggressive revascu-
larization technique whose specific aim is to
“debulk” as much plaque as possible in or-
der to obtain a larger final luminal diameter.

Directional coronary atherectomy
(DCA) was developed by John Simpson at
the beginning of the 1990s with this in
mind, and was initially enthusiastically ac-
cepted by interventional cardiologists.

Furthermore, plaque removal can re-
duce potential plaque shift, facilitate subse-
quent high-pressure stent expansion (which
may increase acute luminal gain), smooth
the internal surface of the vessels, scaffold
intimal flaps, and prevent elastic recoil3,4.

Although the clinical registry data were
very encouraging, the results of random-
ized clinical trials (CAVEAT and CCAT)
comparing DCA with PTCA showed that
debulking did not reduce the restenosis rate
and tended to increase 1-year mortality5,6.

However “optimal DCA” (more effi-
cient intravascular ultrasound [IVUS]-guid-
ed plaque removal) led to a lower resteno-
sis rate than PTCA without increasing the
number of cardiac events (OARS)7.

The BOAT study8 showed that more ag-
gressive debulking using a bigger device
and greater plaque excision reduces angio-
graphic restenosis at 6 months, and the
GUIDE II study9 confirmed these results as
the IVUS-calculated residual plaque area
showed that the final amount of plaque was
the main predictor of clinical and angio-
graphic restenosis.
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The original aim of atherectomy was to reduce restenosis by means of aggressive plaque debulk-
ing, and the failure of large randomized trials to show any advantage of atherectomy over balloon an-
gioplasty restricted its wider application. However, single-center registries in which aggressive de-
bulking was performed by experienced operators have reported favorable results in terms of reduced
restenosis and improved clinical outcomes when atherectomy was performed before stenting. Plaque
debulking reduces the potential for plaque shift and facilitates subsequent high-pressure stent ex-
pansion, smoothes the internal vessel surface, scaffolds intimal flaps, and prevents elastic recoil. It has
also been demonstrated that atherectomy can play a role in the treatment of complex lesions (ostial
left anterior descending coronary artery lesions, left main lesions, and bifurcations), in which plaque
shift may compromise the result of the procedure.

New-generation devices have shown that atherectomy can be safely and effectively used to treat
even relatively small vessels.

In the current era of drug-eluting stents characterized by a considerable reduction in restenosis
rates, optimal stent geometry and final luminal diameter are still important predictors of restenosis.
Given the possible role of plaque shifting at the edges of a stent in causing restenosis, debulking could
be added to the local drug effect in complex lesions.
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A more recent Japanese randomized study (START)
compared aggressive DCA (a residual plaque area of
< 50%) with stent implantation: the very aggressive de-
bulking was associated with a lower rate of restenosis (15.8
vs 32.8%, p < 0.05), with no differences in clinical events10.

Directional coronary atherectomy with stent
implantation

Most of the atherosclerotic plaque is displaced but
not removed by balloon angioplasty, and may therefore
limit optimal stent expansion and the success of the pro-
cedure. By removing atherosclerotic plaque, DCA pro-
vides the best anatomical conditions for successful stent
implantation as it reduces mechanical resistance to ves-
sel wall distension, thus making it easier to expand the
stent fully and evenly, and prevent plaque shift. Fur-
thermore, the struts of the stent cover the rough surfaces
created by the atherocatheter cuts, and also scaffold the
intraluminal intimal flaps: as a result, final luminal di-
ameter may be larger and more regular. Stent implanta-
tion after optimal debulking can therefore reduce
restenosis. A recent study by our group3, whose results
have been confirmed by other similar studies4,11,12,
found a strikingly low rate of restenosis (6.8%) when
this approach was used to treat patients with proximal
coronary stenosis, with only 3% of the cases requiring
target lesion revascularization. Combined DCA and
stent implantation is also feasible and safe in patients
with left anterior descending coronary artery (LAD) os-
tial stenosis, and leads to a high primary success rate, a
low incidence of restenosis, and a very low incidence of
major follow-up complications13. It also leads to good
short- and long-term follow-up results as demonstrated
with left internal mammary artery bypass grafting in pa-
tients with isolated proximal LAD disease14.

AMIGO15 is a recent multicenter randomized trial
that compared DCA followed by stent implantation
with stenting alone: the angiographic restenosis rate
was similar in the two groups (26.2 vs 22.1%, p =
0.237), but was significantly lower in the patients un-
dergoing optimal debulking (<n 20% visually estimat-
ed residual stenosis) (16.2 vs 31.8%, p = 0.001). How-
ever, optimal results were obtained in only 26.5% of the
studied cases, and 22 of the 46 centers enrolled fewer
than 10 patients (and 12 fewer than 5) over a period of
21 months. The results of the AMIGO trial once again
underline that optimal DCA results are strictly related
to the operator’s experience.

The major limitations of DCA remain the complex-
ity of the procedure, which frequently requires high-
support guidewires, and the fact that the rigid housing
prevents access to vessels having a tortuous course
proximally to the lesion. However, it has been shown
that the use of new-generation devices allows atherec-
tomy to be performed safely and effectively even in rel-
atively small vessels.

The Fox Hollow device (FHT, Fox Hollow Tech-
nologies, Redwood City, CA, USA) is a new monorail
atherectomy catheter designed for more and easier
plaque excision. It is compatible with 8F guiding
catheters, and has a shorter stiff section and lower-pro-
file cutter than previous devices; both of these advan-
tages allow the good negotiation of more complex
anatomies. FHT catheters can be advanced over routine
angioplasty wire, thus making them easy to use.

Orlic et al.16 have published the immediate and mid-
term results of a prospective 3-center study of 77 FHT-
treated patients with 98 complex lesions (76.6% B2 and
C) in relatively small vessels (minimal luminal diameter
2.75 ± 0.51 mm) located in mid-distal artery segments.
DCA was successful in 94 lesions (96%), and the angio-
graphic complications were one coronary perforation
and one adventitial staining. Target lesion revasculariza-
tion was required in 13.8% of cases, and target vessel
revascularization in 20.3% of the patients; 17 patients
experienced target vessel failure. The authors concluded
that plaque excision with the new device is safe and ef-
fective, leading to a similar 6-month clinical outcome to
that obtained using previous atherectomy devices.

Treatment of specific lesions

DCA is efficient in treating complex lesions in
which plaque shift may compromise the procedural re-
sults, but requires specific expertise.

Eccentric lesions. Very eccentric lesions can be selec-
tively excised with less recoil, a lower risk of dissec-
tion, and improved angiographic results17.

Bifurcations. The treatment of bifurcations may be
complicated by plaque shifting, suboptimal final re-
sults, and even side-branch occlusion, particularly
when the target lesion directly involves the ostium of
the side branch (types 1, 3 and 4). The DCA approach
to bifurcations includes debulking the main branch, fol-
lowed by angioplasty or side-branch debulking. Proce-
dural success has been recorded in 97-100% of select-
ed cases, with major complications occurring in
0.3%18. CAVEAT-I compared debulking with angio-
plasty in treatment of bifurcations, and found that the
former was associated with a higher success rate (88 vs
74%, p < 0.01) and a lower incidence of restenosis (50
vs 61%, p < 0.01), but led to a higher rate of ischemic
complications19. Furthermore, Dauerman et al.20 have
reported that, when treating true bifurcation lesions
(especially those involving large side branches), DCA
with adjunctive PTCA improves the angiographic re-
sults and decreases the rate of target lesion revascular-
ization in comparison with PTCA alone. A recent study
of the treatment of bifurcations has found that DCA +
stenting is associated with a greater acute gain and a
larger follow-up minimal luminal diameter in the main
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branch than stenting alone; the follow-up rates of
restenosis and major cardiac events were also lower, al-
beit without reaching statistical significance21.

Restenosis and in-stent restenosis. Debulking has
been used to treat post-PTCA restenosis and in-stent
restenosis, but was not found to be superior to PTCA22.
In a recent series of 31 in-stent restenotic lesions, it was
found that DCA using an 8F guiding catheter-compati-
ble atherectomy catheter had a favorable safety profile,
with events limited to non-Q wave myocardial infarc-
tion occurring in 3.6% of patients. However, the sec-
ondary endpoint regarding the 6-month incidence of
angiographic restenosis showed a high restenosis rate
(65%)23. It is currently only possible to state that DCA
as a stand-alone technique does not seem to lower the
incidence of recurrence in this subset of lesions. Fur-
thermore, debulking for in-stent restenosis has been
limited by concerns relating to the risk of stent strut dis-
ruption24,25, and the technical difficulties of reaching
the target with a large, rigid catheter26,27.

Ostial lesions. Some studies of percutaneous treatment
of LAD ostial lesions have reported disappointing re-
sults in terms of primary success and complication
rates, with a high 6-month incidence of restenosis28.
The use of a stent leads to more promising results by
preventing elastic recoil and limiting dissections, but
plaque shifting beyond the edge of the device may com-
promise the left main artery or the origin of the cir-
cumflex. Treatment of these lesions by means of de-
bulking followed by stent implantation reduces me-
chanical resistance to vessel wall distension (thus mak-
ing it easier to inflate the stent fully), and may prevent
plaque shifting and scaffold the intraluminal intimal
flaps. We have previously demonstrated the efficacy
and safety of this procedure13, and the results have been
confirmed by other groups29.

Left main lesions. Kosuga et al.30 have reported favor-
able DCA results in 101 consecutive unprotected left
main coronary artery lesions, including a low resteno-
sis rate and a high rate of survival after 3 years. Park et
al.31 have shown that IVUS-guided debulking before
stenting further improves outcomes in left main coro-
nary artery bifurcation lesions in patients with normal
left ventricular function. The results of a recent study
by Hu et al.32 suggest that the benefits of IVUS-guided
DCA can be extended to the treatment of left main
coronary artery bifurcation lesions without compro-
mising procedural safety.

Coronary atherectomy in the “drug-eluting stent
era”: do we still need to debulk?

The recent introduction of drug-eluting stents into
everyday clinical practice has revolutionized the field

of interventional cardiology by dramatically reducing
the restenosis rate to < 10%; however, these data come
from randomized trials involving highly selected and
homogeneous populations.

In the case of certain complex lesions, drug-eluting
stents are subject to the same limitations as bare metal
stents. Plaque shift plays a major role in the treatment
of some complex lesions, such as those of the ostial
LAD or circumflex artery, and bifurcation lesions.
Moreover, high-pressure balloon inflation may shift
plaque components and lead to suboptimal results at
the edges of the stent. In the SIRIUS trial, about 25% of
the cases of restenosis in the bare metal stent group
were found at the edges of the device; in the patients
treated with sirolimus-eluting stents, restenosis at the
proximal edge was the cause of about two thirds the
cases of restenosis, possibly due to plaque compression
and distribution along the vessel rather than intimal hy-
perplasia. In the more recent E-SIRIUS trial, the
restenosis rate at the proximal edge was less evident,
but the ratio between the length of the lesion and the
length of the stent was 1.7, and about half of the pa-
tients received more than one stent33.

Angiographic restenosis after the implantation of a
sirolimus-eluting stent in complex patients is infre-
quent in the RESEARCH registry, and mainly occurs in
association with lesion-based characteristics (indepen-
dent predictors: the treatment of in-stent restenosis, an
ostial location, total stented length, reference diameter,
LAD) and diabetes mellitus34.

The sirolimus bifurcation study published in Febru-
ary 200435 found that the use of sirolimus-eluting stents
seemed to be feasible and relatively safe in the treat-
ment of coronary bifurcations (stenting of both branch-
es vs stenting of the main branch with provisional stent-
ing of the side branch). However, the very high
crossover rate in the group of patients randomized to
“one” stent means that the question as to whether to use
one or two sirolimus-eluting stents remains unan-
swered. The total 6-month restenosis rate was 25.7%,
and was not significantly different between the double-
stenting (28%) and provisional side-branch stenting
group (19%). These results indicate an improvement in
comparison with historical controls treated with bare
metal stents: a low rate of main-branch restenosis and a
quite acceptable rate of side-branch restenosis, al-
though the latter remains a problem.

The initially suboptimal procedural results could
have been avoided by adopting a different strategy in-
volving the use of DCA in selected patients with com-
plex lesions.

In conclusion, given the possible role of plaque shift-
ing at the edges of the stent (particularly in some cases
left main and ostial LAD stenosis, and bifurcations with
a large side branch), debulking can be advantageous.
However, safety studies should be carried out in order to
determine whether plaque excision may cause more
wall injury which, when followed by a drug-eluting
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stent, may have a negative effect on vessel remodeling,
with the subsequent formation of an aneurysm or ma-
lapposition, and a greater risk of thrombotic events.
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