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The treatment of calcific coronary lesions is still a major interventional issue in haemo-
dynamics laboratories. The prevalence of the disease is even increasing, considering 
the general ageing of the population undergoing coronarography, as well as the often 
associated comorbidities. In recent years, new devices have been developed that al-
low both better identification and also better treatment of these lesions. The aim of 
this review is to summarize both imaging modalities and dedicated techniques and ma-
terials, thus providing a kind of compendium for the treatment approach.

*Corresponding author. Tel: +39 623188207, Fax: +39 623188408, Email: 
piorules@hotmail.it

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https:// 
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, 
provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

General consideration and epidemiology

Calcified coronary lesions (CCL) constitute one of the 
main challenges in the cardiac catheterization labora-
tory, being present in up to one-third of patients under-
going percutaneous coronary intervention (PCI). This 
high prevalence is even increasing, considering the trend 
towards ageing of the population, and the presence of co-
morbidities such as diabetes and chronic kidney dis-
ease.1,2 Calcified coronary lesions reduce the success 
rate of PCI, increasing the possibility of stent malapposi-
tion and under-expansion, which predispose to intrastent 
restenosis (ISR) and thrombosis, and are associated with 
an increase in procedural complications (e.g. edge dis-
section and coronary ruptures).

Moreover, it has been clearly demonstrated that extent 
of coronary artery calcification strongly correlates with 
atherosclerosis and increases the number of future car-
diac major adverse cardiac events even in asymptomatic 
patients.3–5

Considering the aforementioned reasons, appropriate 
identification and procedural planning, with the use of 
the right techniques and dedicated materials, are 
the most important points for the correct treatment of 
CCL.

Imaging for calcified coronary lesions 
identification

The presence of calcium in the coronary arteries can be 
suspected already with simple angiography, and in this 
case calcified lesions will appear as an area of attenuation 
of the X-rays, visible already before the contrast injec-
tion, arranged along the contour of the vessel, which 
moves with heart movement. CCL are generally defined 
as severe if present on both sides of the vessel, and mod-
erate if visible only during the cardiac cycle prior to con-
trast injection.6

Since angiography alone has been shown to have low 
sensitivity in identifying calcified lesions, it is necessary 
to use modern intravascular imaging methods to assess 
the degree and extent of the aforementioned. Indeed, 
not only the presence and the length, but even the depth 
of calcium is important in order to choose the right instru-
ments and to plan the PCI strategy. At this regard, calcium 
is defined superficial when present at the intimal–lumen 
interface or closer to the lumen than to the adventitia, 
and deep when it is located at the media/adventitia bor-
der or closer to the adventitia than to the lumen.

Intravascular ultrasound
Intravascular ultrasound (IVUS) is the first and most used 
intracoronary imaging method used to investigate the 
disease within the vessel wall. There are two types of 
IVUS system: a solid-state one, externally mounted on a 
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catheter and controlled electronically, and a mechanical 
system that relies on a rotating internal cable, the latter 
one capable to measure the length of the lesion as well 
as to detect the other characteristics of the coronary pla-
que. The image produced by the IVUS represents the vari-
ous components of the plaque in grayscale and offers a 
colour conversion algorithm, based on tissue density, 
called virtual histology (VH). Calcified lesion is defined 
as the presence of hyperechogenic structure that shadows 
underlying ultrasound anatomy, or white spots at the VH, 
and it is quantified by measuring the circumferential ex-
tent in degrees location calcium is classified like ‘superfi-
cial’ if is closer to the lumen than to adventitia or ‘deep’ if 
it is closer to the adventitia than to the lumen.7,8 This 
technology is fundamental not only for pre-implantation 
diagnosis but also for evaluating the effects of calcium 
ablation/rupture techniques (e.g. shock-wave fracture 
in the calcified plaque or thinning the calcium thickness 
with a rotational ateherectomy), thus allowing to estab-
lish whether it is possible to perform a stent implantation.

Optical coherence tomography
Optical coherence tomography (OCT) is a light-based im-
aging modality which shows outstanding accuracy in the 
setting of coronary imaging. This technology is based on 
the emission of infrared light waves which reflect off the 
internal microstructure within the biological tissues. 
Compared to IVUS, OCT has a 10-fold higher image reso-
lution and is able to remarkably characterize the individ-
ual structures of the coronary wall, the composition of 
the plaque (presence or absence of thrombus, calcium, 
macrophages, dissections, etc.) and the correct stent place-
ment, e.g. identifying edge dissection or malapposition/ 
underexpansion. Therefore, in the setting of calcified 
disease, it is really important to note that calcium de-
posits are characterized by the presence of well- 
delineated, low backscattering, signal-poor heteroge-
neous regions.

Optical coherence tomography helps to classify calcium 
into deep, superficial and nodular, as well as eccentric or 
concentric, allowing a perfect definition of the length 
and the circumferential extension in degrees.9,10 The 
use of this technology finds its best use in the detection 
of ssuperficial calcium deposits, which can be studied 
and measured by OCT unless thicker than 1.0–1.5 mm (in-
frared penetration limit threshold).11 In conclusion, the 
use of OCT imaging plays a fundamental role in the treat-
ment of calcified lesions determining the optimal thera-
peutic approach because different types of calcium 
require a different treatment technique.12

Calcified coronary lesions treatment 
techniques

Balloon-based techniques
Cutting balloon
Cutting balloon (CB) (Flextome and Wolverine, Boston 
Scientific) are special non-compliant balloon with three 
surgical blades attached on the surface. These devices 
are 6 Fr compatible, and should be use in a 1:1 ratio with 
the vessel reference diameter. They act creating small cal-
cium fracture, reducing elastic recoil after predilation, 

thus allowing a major lumen gain when compared to con-
ventional non-compliant balloon angioplasty (percutan-
eous transluminal coronary angioplasty [PTCA]). 
Moreover, the lower nominal pressure helps in minimizing 
intimal trauma and reduces the risk of dissection in the ad-
jacent vessel’s zones. Despite this premises, in the GLOBAL 
trial13, CB was not superior to PTCA in reducing the rate of 
angiographic restenosis after angioplasty without stent im-
plantation. Analogue findings were described by Albiero 
et al.,14 with CB unable to guarantee a reduction in recur-
rent ISR when compared with PTCA. However, in the 
REDUCE III trial, Ozaky et al demonstrated that a strategy 
based on CB followed by bare metal stent (BMS) implant-
ation, especially when IVUS guided, was superior than con-
ventional PTCA followed BMS implantation in terms of 
restenosis and target lesion revascularization.15

Scoring balloon
Scoring balloon are semi-compliant balloon covered by 
nitinol scoring elements.

Scoreflex (OrbusNeich) balloon is characterized by a 
very short rapid exchange portion, so that the convention-
al guidewire is used as a scoring element, in concert with a 
further nitinol guidewire that runs from the distal to the 
proximal portion of the balloon.

The NSE Alpha (Bbraun) balloon is characterized by the 
presence of three triangular-shaped scoring elements, ar-
ranged at the proximal and distal portion of the balloon. 
This particularity guarantees a very low crossing profile 
and a good trackability, reducing at the same time the 
phenomenon of the slippage during the inflation.

The Angiosculpt (Angiosculpt, Biotronik) balloon is cov-
ered by three spiral nitinol wires, which slide and rotate 
during the inflation, exerting a scoring effect on the plaque.

Due to their conformation, which allows the prevalent 
transmission of the radial force to the nitinol elements, 
scoring balloon are very useful for the preparation of 
CCL, especially if ostial, reducing the possibility of baro-
trauma, perforation and dissection of the portion of the 
vessel adjacent to the lesion. In de novo lesions, pre- 
dilation with scoring balloon has been demonstrated to 
help in reaching optimal stent expansion,16 and more re-
cently to prepare lesions before drug-coated balloon 
angioplasty, allowing better procedural outcomes and re-
ducing the target lesion failure rates.17

The difference in terms of lesion crossability and prep-
aration between cutting and scoring balloon was investi-
gated recently by Ishihara et al., who found that 
Wolverine cutting balloon was smoother in lesion crossing, 
nevertheless being similar to NSE Alpha in terms of acute 
cross-sectional area gain.18

Ultrahigh pressure balloon
Super high-pressure non-compliant balloon (OPN NC, 
Sis-Medical) are newly designed devices with a two-layer 
structure, able to be inflated up to 35–40 atm reducing 
the dog-boning effect. They are 6F compatible, with a bet-
ter crossing profile compared with cutting and scoring bal-
loon. Early studies demonstrated their safety when 
compared with conventional non-compliant balloon in di-
lating lesions avoiding the risk of vessel perforation,19

whereas more recently in the ISAR-CALC trial Rheude 
et al. showed how OPN balloon performed as good as 
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scoring balloon in terms of lesion preparation, allowing a 
better, although not statistically significant, angiographic 
result.20

Lithotripsy
Coronary lithotripsy (Shockwave Coronary Rx Lithoplasty 
System, Shockwave Medical) is the most modern tech-
nique developed for the treatment of CCL. The system is 
6 Fr compatible, and consists of a semi-compliant balloon 
equipped with two emitters placed both at proximal and 
distal level. When the balloon is inflated (at 4 atm in order 
to touch the vessel) and the system is activated, the two 
emitters vapourize the balloon saline/contrast solution 
creating micro-bubbles which swell and explode, generat-
ing shock waves (1 per second) which propagate through 
the coronary wall, fracturing the calcium located at the 
level of the coronary artery, with minimal interaction 
with the adventitia. In the DISRUPT CAD III, a large single- 
arm multicentre trial, Shockwave has been demonstrated 
to be safe in terms of MACE at 30 days and very effective 
for lesion preparation before stent implantation.21 The 
short-learning curve, combined with the ease of use, 
have ensured its ever-increasing diffusion over the last 
2 years, not only as a lonely technique, but even in a com-
plementary way with the calcium ablation techniques.

Ablative techniques
Rotational atherectomy
Rotational atherectomy (Rotablator, Boston Scientific) is 
the first calcium ablation system to be put on the market 
(1993), and consists of a diamond-coated burr, which, 
through rotation between 135 000 and 180 000 rpm, suc-
ceeds in pulverizing the calcium present along the vascu-
lar walls, interacting only minimally with the elastic 
tissue. The burr is available in sizes ranging from 1.25 to 
2.5 mm, compatible with 6–8 Fr guide catheters, and is ad-
vanced on a dedicated 0.009 in. guide (Rotawire).

More recently, a new device was developed (RotaPro, 
Boston Scientific), with the aim of making the procedure 
executable by a single operator, eliminating the use of 
pedals to activate the system and moving all controls to 
the table-top advancer.

The choice of the right burr size, which must have a ratio 
to the vessel diameter between 0.5 and 0.7, is one of the 
crucial factors to be taken into account in order to avoid 
complications related to the procedure, first and foremost 
possible perforation and flow limiting dissection. During 
the advancement, which usually takes place with a ‘pick-
et’ motion, the calcium is reduced into particles of be-
tween 5 and 10 µm in diameter, which then end up in the 
microcirculation; to avoid no-reflow and slow-flow phe-
nomena, the system should constantly flushed with a solu-
tion containing heparin, nitrates and calcium channel 
blockers. From an anatomical point of view, the extreme 
tortuosity of the vessel or the eccentric disposition of 
the calcium are factors that limit the effectiveness of 
this device, which on the other hand is very useful in treat-
ing uncrossable lesions, when the residual lumen is less 
than the burr diameter.

Several studies have investigated rotational atherect-
omy (RA) superiority over balloon angioplasty in calcified 
lesions. In the ROTAXUS trial, patients were randomized 
to PCI with first generation DES implantation with or 

without RA lesion modification, and even if RA was asso-
ciated with higher procedural success, there was no evi-
dence of reduced late lumen loss at follow-up.22

Analogue results were found in the PREPARE-CALC trial, 
where RA was compared with cutting and scoring balloon 
angioplasty (modified balloon, MB) both followed by third- 
generation DES implantation. Once again, RA strategy re-
sulted in a higher procedural success, with 16% crossover 
strategy in the MB-treated group, but at the expense of 
a significantly longer fluoroscopy time; furthermore, at 
the 9-month follow-up there was no statistically signifi-
cant difference in terms of late lumen loss.23

Excimer laser atherectomy
Excimer Laser Coronary Atherectomy (ELCA, Spectranetics 
CVX-300, Philips) uses high-power ultraviolet pulses 
(308 nm wavelength) generated through a xenon–chlorine 
fibre-optic catheter and acts modifying the plaque in three 
different ways: photochemical (breaking the molecular 
carbon bonds), photothermal (elevation of the tempera-
ture of intracellular water), and photomechanical (expan-
sion and implosion of vapour bubbles). Usually, it is 
performed in cycles with a duration of 5–10 s, during intra-
coronary saline irrigation, followed by the same period of 
rest. In order to avoid the formation of vapour bubbles, con-
tinuous intracoronary irrigation is useful in flushing blood 
and dye from vessels.. The system is available in four differ-
ent diameters, ranging from 0.9 to 2 mm, compatible with 
6–8 Fr guide catheter, and can be used with a workhorse 
0.014 in. wire, thus resulting very useful in lesions uncros-
sable with a microcatheter or with the dedicated 
Rotawire and VipeWire. ELCA has been demonstrated to 
be not superior to RA and conventional angioplasty in terms 
of safety and efficacy,24 while it could be very useful for the 
treatment of uncrossable lesions and severe ISR, where the 
laser explosion technique (injection of dye during laser 
pulses) could be the last chance.25

Orbital atherectomy
Recently, DIAMONDBACK 360°® Coronary Orbital 
Atherectomy System (OAS) developed by CSI has been re-
leased on the market.

The system is intended to modify coronary calcium 
through a mechanism of action based on centrifugal force 
and differential sanding. The Diamondback is equipped 
with a 1.25 mm eccentrically mounted diamond-coated 
crown that reduces superficial calcification and allows the 
healthy tissue to flex-away. The kit also includes a dedi-
cated 0.012 in. wire (ViperWire®) with a 0.014 in. tip, 
with features of workhorse wire enabling easier maneuver-
ability and steerability. The intimal calcium is sanded in 
small particles of 2 µm in diameter on average—smaller 
than a capillary vessel—minimizing the risk of slow-flow/ 
no-reflow phenomenon and transient heart block. 
Moreover, the pulsatile impact of the crown against the ves-
sel’s wall can create microfractures that modify deep cal-
cium. Furthermore, the blood flow is always maintained 
during orbital atherectomy. Vessels from 2.5 to 4 mm in 
diameter may be treated with a single crown through a 6 
Fr guiding catheter, by both regulating the speed of rotation 
or the rate of advancement (the slower the burr is ad-
vanced, the larger is the orbit). Given the ability of OA to 
ablate bi-directionally, the likelihood of burr entrapment 
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should be limited, whereas the GlideAssist® allows safe re-
moval and delivery of the device.

Usually, multiple burr passes of less than 30 s with a 
maximum of 5 min are recommended, until audible and 
tactile changes are obtained. Both intracoronary imaging 
to assess calcium fracture and non-compliant balloon dila-
tation to ensure adequate lesion preparation should be 
performed prior to stent implantation.

The safety and feasibility of orbital atherectomy in 
treating CCL have been addressed in the ORBIT I study, 
whereas the ORBIT II trial assessed the rate of MACE at 

30 days, 1 year, and 3 years after orbital atherectomy ther-
apy. Of note, there was a lower rate of MACE at 3 years in 
ORBIT II, compared to 2 years outcome in Rotaxus. The on-
going ECLIPSE trial will further clarify the role of orbital 
atherectomy compared to conventional angioplasty in cor-
onary calcific lesions.27–29

Conclusions

As we have discussed in this review, there are several 
methods for identifying and correctly treating calcific 

Figure 1 Treatment algorithm for calcified coronary lesions. Courtesy by De Maria et al.26
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lesions. As some of these are complementary to each 
other, we believe that, depending on the availability in 
the cath-lab, they should be integrated so that the best 
can be made of each one. In this regard, the algorithm pro-
posed by De Maria et al. in 2019 (Figure 1) seems to us the 
most valid. Once again, we would like to stress the 
concept that the use of imaging methods, if the lesion is 
crossable, is mandatory because it allows to obtain funda-
mental information about the type of calcific lesion we are 
treating (extension, depth and thickness) and consequent-
ly to plan the use of atherectomy (RA, OA, ECLA), litho-
tripsy or scoring/cutting balloon PCI.
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