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In the percutaneous treatment of coronary stenoses, it is essential to take into ac-
count the presence of calcifications as this influences the short- and long-term post-
procedural outcomes. Today in the catheterization laboratory, there are several tools
for the treatment of calcium; exploiting the different operating mechanisms, possi-
bly even combining them together, is part of a modern approach to coronary angio-
plasty that aims to optimize results. To this end, each procedure must be properly
planned and, in this perspective, intracoronary imaging (such as optical coherence
tomography and intravascular ultrasound) is an essential aid to guide the procedure
and show results.

Introduction

The presence or absence of coronary calcifications can
characterize atherosclerotic disease. However, angiogra-
phy has a limited ability to detect the presence of calcium
in the vessels. Conversely, computerized axial tomography
(CT), optical coherence tomography (OCT), and intravas-
cular ultrasound (IVUS) are more accurate visualization
techniques.1–3

Whenever approaching coronary procedures, it is essen-
tial to take into account the presence of calcium and its
amount. In fact, it increases the risk of dissections, makes
the recanalization of total occlusions more complex and
interferes with optimal stent expansion.4 Moreover, it is
known that in case of calcified lesions the risk of restenosis
after an interventional procedure increases.5,6 In addition,
various studies have confirmed that the presence of coro-
nary calcifications is an independent predictor of future
adverse events.7,8

Thanks to the availability of new technologies and to
their appropriate application, it is now possible to over-
come many limitations given by the presence of calcifica-
tions. But above all, a correct procedural planning is the
fundamental prerequisite thatmust guidemodern coronary

intervention in order to implement the ideal solutions to
overcome a problem before suffering its consequences.

The initial assessment with CT is undoubtedly useful and
can provide additional data but does not replace intravas-
cular imaging techniques, such as OCTand IVUS, which are
essential during the interventional procedure.

What intracoronary imaging needs to tell us

Proper intracoronary imaging should:

• identify the degree and extension of the calcifications
and their localization (superficial vs. deep);

• distinguish calcium from fibrosis (they must be treated
in different ways);

• provide the dimensions of the internal lumen of the
vessel;

• identify the diameter of the vessel regardless of the
reduction of the lumen caused by atherosclerotic dis-
ease; and

• evaluate the extent of atherosclerotic disease.

Having this information available, it is then possible to
correctly plan the procedure.

However, in some cases of highly calcific lesions that im-
pede the passage of the catheters imaging evaluation can-
not be immediately carried out. It is therefore necessary to*Corresponding author. Email: ac84344@gmail.com
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first dilate the lesion (by using dedicated systems to dig
into the lesion, rotational atherectomy or Rotablator,
Laser, high-pressure balloon) to allow the IVUS or OCT
probe to cross it and provide us with the necessary informa-
tion on how to proceed.

Treating a very calcified stenosis

The calcific occlusion of the right coronary artery shown in
Figure 1 will allow us to illustrate a modern approach to
the treatment of calcific stenosis.

After advancing a coronary wire beyond the lesion with
some difficulty, it was not possible to cross it with any bal-
loon (including micro-balloons with a diameter of
0.80mm). Therefore, a change in strategy was needed and
it was decided to perform rotational atherectomy with
Rotablator (Boston Scientific Scimed, Natick, MA, USA).
However, the device is provided with a dedicated wire that
is not suitable for crossing calcified lesions. Therefore, we
used a micro-catheter to exchange the Rotawire with the
previous one. In particular, we used a special micro-
catheter with screwing system called Tornus (Asahi Intec.)
to carry out this step. Once the Rotawire was positioned
downstream of the stenosis, it was possible to proceed
with this treatment.

Rotational atherectomy or Rotablator

This systemwas introduced in vascular interventional more
than 30years ago and has remained almost unchanged.9

The Rotablator consists of a catheter with a small olive of
diameters from 1.25 to 2.5mm (the maximum diameter
that is used today in the coronary artery is 2mm). This olive
is covered with a patina of diamond granules and, turning
at 180 000 rpm, exerts an ablation force on the calcium.
Countless studies have been published on the additional
utility of the Rotablator in the course of angioplasty.10,11

However, today we can no longer think of the Rotablator as

a system with binary use (I use it or not use it); it is funda-
mental to understand that the Rotablator is only one of the
tools available for the treatment of calcified lesions and, if
in some cases its use is sufficient to obtain a satisfactory re-
sult, in other cases it constitutes only an initial adjuvant
step to prepare the lesion for other interventions.

At this point, a modern approach to percutaneous coro-
nary intervention takes advantage of imaging for subse-
quent choices. Therefore, going back to the procedure on
the right coronary artery, after ablation with both 1.25mm
and 1.75mm probes, we proceeded with IVUS to evaluate
the result and decide about the next steps.

IVUS showed us that calcium had been successfully bro-
ken only in some sections, while in other areas the exten-
sion of the calcific ring still exceeded 180�. IVUS also
revealed that vessel dimension exceeded 5mm in diame-
ter; as a consequence, even a 2mm Rotablator probe
would have been of little help to optimize the result and
different decisions needed to bemade.

The description of these aspects is not only a technical
digression but also illustrate the high variability of the
decision-making process and how it can be influenced by
the information provided by intracoronary imaging. It is
difficult to conceive a study where the treatment of calci-
fied lesions takes into consideration only one technology
such as rotational atherectomy. In fact, each tool has its
own advantages and limitations and modern intervention
must strive for optimal results using the combination of dif-
ferent methods. Simple dilatation with high-pressure bal-
loons can be effective, but the results are not always
guaranteed. For example, in some cases after positioning
the stent across the lesion it dilates in a roughly asymmetri-
cal way; in other cases using high pressures the segmental
rupture of the vessel can occur and the implantation of a
covered stent is necessary. Today, it is preferable to avoid
these uncertainties and to evaluate the opportunity to use
also new tools.

What we have seen at IVUS (Figure 2) therefore tells us
that the calcium in the vessel needs further treatment.
The most appropriate technique for this situation is the use
of intravascular lithotripsy.

Shockwave balloon

The Shockwave balloon (Shockwave Medical, Inc, Santa
Clara, CA, USA) or intravascular lithotripsy is a balloon sim-
ilar to coronary angioplasty balloons but equipped inside
with crystals capable of emitting ultrasound at certain fre-
quencies (Figure 3). The calcium rupture mechanism is not
based on mechanical tissue damage (just inflate them at
low pressures), but on a physical interaction due to the
emission of pulsatile acoustic waves.12 This technique is
very similar to the lithotripsy used in urology and is in able
to break calcium but not fibrosis (in these cases other sys-
tems are more effective). For coronary vessels balloons up
to 4mm in diameter are available, while larger ones are
available for peripheral applications. Different studies
have been done or are still in progress to evaluate the
advantages of this method.13,14

In our case, we choose a 4mm Shockwave balloon to be
inflated where IVUS had reported the greatest extension of

Figure 1 Sub-occlusive calcific stenosis in the middle tract of the right
coronary artery.
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calcium. After treatment, a quick repeated IVUS evalua-
tion finally confirmed the effective fracture of calcium.

At this point, we implanted the stent, post-dilated with
a 6mm non-compliant balloon. The final angiographic re-
sult was excellent (Figure 4) and also the final IVUS con-
firmed the good stent expansion with a very acceptable
symmetry (Figure 5) in consideration of the extensive
calcifications.

During this procedure, we therefore used various sys-
tems for the treatment of calcified lesions, and we experi-
enced that a single tool is not always sufficient for the
achievement of an optimal result. We also learned how
fundamental is the information provided by intracoronary
imaging to guide treatment and, in some cases (as in
Figure 6, which shows the proximal tract of the right coro-
nary artery), it is also useful to reassure us about lesions
that, although being widely calcified, appear stable and
with a suitable vessel lumen.

Among different imaging methods available, here we
used IVUS. Even if OCTcould provide more precise and im-
mediate data, it is not the purpose of this article to digress
into this subject.

Despite not used in the case described before, there are
many other devices targeting calcified lesions, such as the
laser, the cutting/scoring balloons and the very high-
pressure balloons. These methods are also important and,
in some cases, cannot be replaced by others.

Laser

The most used laser system in vascular intervention is that
of Excimer.15 It is effective for fibrotic and moderately cal-
cified plaques. Its ablation power is intensified by the si-
multaneous injection of contrast medium. Currently, the
laser is mainly used in coronary intervention for the treat-
ment of some intrastent restenosis and for stent under-
expansion due to calcific plaque fibrosis.16,17

Figure 2 IVUS displays extensive surface calcifications.

Figure 3 Representation of a Shockwave balloon (Shockwave Medical,
Inc, Santa Clara, CA, USA).

Figure 4 Final angiographic result after implantation and post-dilation
of the stent on the right coronary artery.

Figure 5 IVUS shows good stent expansion even in highly calcified areas.

New interventional solutions in calcific coronary atherosclerosis L51



Cutting balloon, angiosculpt, ultra
high-pressure balloons

In some cases, lesion preparation requires the use of differ-
ent systems. For example, the cutting balloons and the
angiosculpt are equipped with micro-blades on their surfa-
ces with characteristic distribution and does not need high
pressure of inflation; conversely, very high-pressure bal-
loons reach up to 40atm during inflation. However, exam-
ining the specific aspects that lead to decide between one
and the other would force us to digress into an uninterest-
ing technicality for the Clinical Cardiologist.

Conclusions

Calcific stenoses can represent a problem only if not
approached correctly. Many different devices can be
employed at this purpose and the need to use one or multi-
ple tools depends on baseline lesion assessment and the re-
valuation of the results achieved. Angiography alone is not
sufficient to guide the operator to the optimal result.
Among the new available systems for interventional cardi-
ologist, the Shockwave balloon represents an important
and useful innovation.

We need prospective studies sufficiently articulated in
procedural dynamics to demonstrate that, if properly
treated, calcified stenoses no longer represent an element
associatedwith reduced procedural and long-term success.
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Figure 6 IVUS shows that calcium should not always be treated; in this
image the lumen is very large and the circumferential calcium represents
a ‘natural stent’.
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