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Summary Despite developments in coronary interventional cardiology, plaque calcification
is a critical issue of stent expansion. AngioSculpt Scoring Balloon Catheter® (AngioSculpt;
AngioScore Inc., Fremont, CA, USA) can produce more ‘scoring’ marks, which leads to preven-
tion of ‘plaque shift’ and ‘balloon slippage’; moreover, the ‘scoring’ produces some cutting
effect, leading to successful stent implantation even on severe calcified lesions. We have
applied AngioSculpt on severe calcified lesions to achieve its adequate expansion, and report
the mechanism of the ‘scoring’ and its efficacy evaluated by three-dimensional stereoscopic
reconstruction (3-D) of optical coherence tomography (OCT; LightLab Imaging, Inc., Westford,
MA, USA). The patient is a 64-year-old male, who had diffuse stenosis in the left circumflex
coronary artery (LCX) with severe calcifications, and was treated using AngioSculpt. AngioSculpt
predilatation with a high pressure led to successful stent implantation. The radial scores were
clearly imaged by 3-D OCT, demonstrating that radial nitinol wires made spiral indents from

the relative weak points at the surface adjacent to calcification, which resulted in a less trau-
matic and safe dilatation although the scoring mark was not recognized clearly in intravascular
ultrasound.

This report suggests AngioSculpt might become one of the options for a severe calcified lesion.
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Figure 1 The structure of AngioSculpt. The AngioSculpt con-
sists of a semicompliant balloon surrounded by spiral nitinol
element, the purposes of which are to dilate and make a ‘scor-
i

o
(
b
l
t
f
b
O
(
l
(
t
t
A
a
A
t
p
w
a
d
v
w
a
a
s
t

Scoring mechanism of AngioSculpt for calcified coronary lesi

Introduction

Despite recent remarkable advances in techniques and
devices in coronary interventional cardiology, plaque cal-
cification is still a critical hazard of stent expansion,
causing infrequent restenosis and thrombosis. Histologi-
cal and intravascular ultrasound (IVUS) observations have
suggested that complex lesions especially with severe cal-
cification frequently interfere with stent expansion. It has
been recommended that an adequate prior preparation
improves the clinical outcomes of stent implantation [1,2].
The AngioSculpt (AngioScore Inc., Fremont, CA, USA) was
developed as a coronary interventional device, which con-
sists of a semi-compliant balloon surrounded by spiral nitinol
element that works in tandem with the balloon in order to
‘score’ the target lesion upon balloon inflation [1,2] (Fig. 1).
This device is designed to make a ‘scoring’ effect to com-
plex lesions. As the balloon inflates, the spiral wires slide and
rotate over the balloon, and the radial forces are concen-
trated along the surfaces of the nitinol element to achieve
its fully open configuration, which is expected to lead to
a reduction in critical coronary dissection and balloon slip-
page, and then allow higher inflation pressures when dealing
with severely calcified lesions.

The three-dimensional reconstruction of optical coher-
ence tomography (3D-OCT) imaging was performed by a
commercially available 3D-stereoscopic representation sys-
tem (AVIZO 6.2 Visualization Sciences Group, Burlington,
MA, USA). This user-friendly system could demonstrate a
three-dimensional stereoscopic structure and mechanism of
coronary expansion from various angles of view-point.

Therefore, we applied an AngioSculpt on a severely cal-
cified lesion to achieve its adequate expansion and then
3D-OCT was performed to elucidate the mechanism of
‘score’ and its efficacy.

Case report
A 64-year-old male with a history of hypertension, dia-
betes mellitus, who had a plain ordinary balloon angioplasty
in the left anterior descending artery (LAD) due to acute
myocardial infarction in 1997, was admitted for his chest
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Figure 2 Coronary angiograms are shown before and after the pro
circumflex artery lesions (arrows), and after the stent implantation (
Scientific Corporation, Minneapolis, MN, USA).
ng’ effect to complex lesions.

ppression on effort in April 2009. Coronary angiography
CAG) was performed, and revealed no re-stenosis in LAD
ut diffuse stenosis in the left circumflex artery (LCX) with
ocalized severe calcification (Fig. 2). An elective percu-
aneous coronary intervention was planned and performed
or the severely calcified lesion. IVUS observation was tried
ut could not be passed through the lesions; however, the
CT wire could be passed through the lesions in the LCX

Fig. 3). In the first balloon angioplasty, predilatation of the
esion with a Marverick balloon catheter® (2.5 mm/12 mm)
Boston Scientific Corporation, Minneapolis, MN, USA) was
ried but it was not possible to achieve sufficient dilata-
ion due to the severe calcification. Therefore, we applied
ngioSculpt on the severely calcified lesion to achieve
dequate expansion of the lumen for stent implantation.
ngioSculpt (2.5 mm/10 mm) could be inserted through the
arget lesion. Then, predilatation with a high pressure was
erformed by this device, and sufficient coronary dilatation
as achieved to result in successful stent implantation. In
ddition, the radial scoring marks by AngioSculpt could be
etected by 3D-OCT (Fig. 3). The radial scores were clearly
isualized by OCT/3D-OCT demonstrating that radial nitinol
ires made spiral indents from the relatively weak points
t the surface adjacent to calcification, which resulted in
less traumatic dilatation. As luminal diameter becomes

maller relative to the balloon size, the scoring marks seem
o become bigger and deeper. The proximal portion of LCX
hus had only a small exfoliation, whereas three distinct

adial ‘scoring’ marks from the luminal surface into the ves-
el wall were observed having no unfavorable dissection at
on-calcified segment. Finally, an efficient dilatation of the

cedure of the AngioSculpt 2.5/10 mm for predilatation of left
TAXUS-Liberte® 3.0/28 mm, TAXUS-Liberte® 3.5/28 mm; Boston
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Figure 3 Two- and three-dimensional optical coherence tomography (OCT) images before and after AngioSculpt scoring. The OCT
images before and after the procedure with AngioSculpt are presented, which correspond to the numbered section of angiogram of
left circumflex artery. The panels of the same level of two-dimensional OCT images are in the same position (left: before scoring;
right: after scoring). Three-dimensional representations of the OCT images around the lesions scored by this device are shown in
the right panels. Severe calcifications are shown (*). Apparent ‘scoring’ marks can be observed (arrow ↑) having a safe dissection
at non-calcified segment and an efficient dilatation of the calcified plaque.
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Scoring mechanism of AngioSculpt for calcified coronary lesi

calcified plaque in the smaller calcified vessel at the distal
potion of LCX lesion could be achieved (Fig. 3).

After the dilatation by AngioSculpt, stents were success-
fully deployed with an adequate expansion but without an
abrupt vessel closure, distal embolization, coronary dissec-
tion, nor coronary perforation.

Discussion

Encountering unexpected severely calcified lesions, some
options are available as a prior preparation before stent
implantation: (1) predilatation by a short high pressure bal-
loon; (2) Cutting balloon; (3) Rotablator® (Boston Scientific
Corporation); and (4) AngioSculpt. The short high pressure
balloon might be ineffective not only for a long lesion but
also for a spotty lesion because of the frequent likelihood
of balloon slippage, although it is easier to use. The cut-
ting balloon could prevent the balloon slippage and may be
effective even for a calcified lesion, but it would burden a
high risk for coronary perforation when predilatation is per-
formed in high pressure. Currently, Rotablator® might be the
most effective modification device; however, its procedure
needs a complicated and specialized skill with expensive
peripheral equipment. And the Rotablator® still has a rela-
tively high prevalence of coronary perforation and no-reflow
phenomenon. Compared to these options, the AngioSculpt
seems to allow us to achieve safer- and higher-pressure
expansion with some unique ‘cutting effect’ for a severely
calcified lesion.

The mechanisms of conventional coronary balloon angio-
plasty are mainly divided into four areas, which are: (1)
compression and disruption of plaque; (2) dissection of coro-
nary plaque; (3) extension of coronary artery; and (4) axial
extension of coronary plaque. In the case of severely calci-
fied lesions, a major mechanism of coronary dilatation would
be a dissection of coronary plaque due to restriction for the
extension of coronary artery itself. Plain old balloon angio-
plasty sometimes causes a major dissection of vessel wall
especially in severely calcified areas due to eccentric dilata-
tion of the vessel wall. According to material physics, the
tensile stress is preferably concentrated just at the edge of

calcified mass, which is a frequent entry point of coronary
wall dissection [3].

Takano et al. previously demonstrated the effect of
the AngioSculpt on coronary plaque observed by OCT [4];

[

using 3-D OCT’ e19

owever, this is the first report showing its dilatation
echanism by the 3D-OCT especially for severely calcified
all. This analysis also proved a safe scoring and dilating
echanism of calcified lesion by the AngioSculpt.
AngioSculpt scoring balloon makes some scores inten-

ionally, which prevents balloon slippage, plaque shift by
alloon dilatation, and focal overstress at the balloon angio-
lasty. This device might also prevent the perforation and
o-reflow phenomenon, since it would not crush or destruct
alcified plaque. Therefore, lesions especially with large
nd longitudinal calcification, with a sharp edge prone to
ave excess stress concentration, and with adjacent mixed
r complex lipid-rich components prone to have perfo-
ation or no-reflow phenomenon, might be suitable for
his device. This would result in a successful dilatation of
everely calcified coronary artery without critical dissec-
ion. OCT has an advantage over other imaging modalities
or calcium assessment due to its ability for three-
imensional volumetric characterization. This would help
n deciding appropriate lesions for using this device in the
uture.

In conclusion, the AngioSculpt might be one of the ben-
ficial devices for lesion modification before stenting in
everely calcified lesions to achieve sufficient lumen size.
urther prospective study would be necessary to clarify
uitable lesion morphology for this device and its clinical
easibility.
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