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Calcium Modification: 
It’s All In the Preparation
Exploring the “why, when, where, and how” of calcium modification therapies and techniques.

By Angela McInerney, MD, and Nieves Gonzalo, MD, PhD

C oronary calcification continues to present 
many difficulties to interventional cardiolo-
gists performing percutaneous coronary inter-
ventions (PCI). Moderate to severe coronary 

calcification is found in up to 30% of patients, and 
risk factors for its development include age, male sex, 
hypertension, hyperlipidemia, diabetes, and chronic kid-
ney disease.1-3 Coronary calcification results in reduced 
vessel compliance and causes a number of difficulties 
during PCI, particularly in relation to stent underexpan-
sion, which is one of the most important predictors 
of stent failure—both thrombosis and restenosis.4-6 
Furthermore, patients with coronary artery calcification 
more frequently experience adverse outcomes after 
PCI, including death and stent failure.2,3,7,8 Optimizing 
results is therefore of paramount importance, and 
calcium modification prior to PCI is an important step 
in this process to ensure adequate stent expansion. 
Having now outlined the “why,” in this article we also 
attempt to answer the “when, where, and how” of cal-
cium modification by examining the various modalities 
in the interventional cardiologist’s armamentarium and 
outline a simplified algorithm based on intracoronary 
imaging findings for choosing between techniques and 
assessing their effectiveness. 

IMAGING FOR CALCIUM DETECTION
The first step in the treatment of calcified coronary 

artery disease (CAD) is recognizing its existence. Table 1 
summarizes widely available imaging techniques for 
the detection and quantification of coronary calcium. 
CT coronary angiography (CTCA) is increasingly being 
used prior to invasive coronary angiography and is 
highly sensitive and specific for the detection of cal-
cium.9 Although it is a noninvasive technique, CTCA 
does have an associated radiation dose to the patient, 

as well as the use of contrast medium with its inherent 
risks. Calcium scoring can be performed on noncontrast 
studies, and increased score correlates with increased 
plaque; however, its utility in procedure planning is lim-
ited. Invasive coronary angiography is known to have a 
low sensitivity but high specificity for the detection of 
coronary calcium, although its sensitivity increases with 

TABLE 1.  QUANTIFICATION OF CORONARY CALCIUM BY 
VARIOUS IMAGING MODALITIES 

Imaging Modality Quantification

CT • �Calcium scoring on noncontrast 
images. Higher scores signify greater 
plaque burden

• �Limited information on calcium 
morphology

Coronary angiography • Mild: not visible
• �Moderate: radiopacities seen only 

with cardiac motion
• �Severe: radiopacities seen without 

cardiac motion, before contrast 
injection, affecting both sides of the 
arterial wall

OCT • Calcium thickness
• Calcium distribution/angle
• Calcium length

IVUS • Calcium distribution/angle
• Calcium length
• �Surrogate markers used to estimate 

calcium thickness
Abbreviations: IVUS, intravascular ultrasound; OCT, optical 
coherence tomography. 



P C I

VOL. 16, NO. 1 JANUARY/FEBRUARY 2022 CARDIAC INTERVENTIONS TODAY 29 

increasing calcium severity.10,11 Intracoronary imaging 
using both intravascular ultrasound (IVUS) and optical 
coherence tomography (OCT) have increasingly become 
the mainstay for assessment of coronary calcium and 
provide added information such as detailed morphologi-
cal assessment of the calcification and assessment of the 
result of calcium modification techniques, and they can 
also aid in planning and guiding the PCI with selection 
of proximal and distal landing zones, stent diameter, 
and length.12 Software allowing coregistration of intra-
coronary images with angiography are also available 
and significantly simplify their interpretation.13 In our 
practice, the use of calcium modification techniques is 
based upon the findings by intracoronary imaging, and 
so its importance in the assessment of coronary calcium 
cannot be overemphasized. 

In practical terms, coronary calcium can be subdi-
vided into three morphologic subtypes based on intra-
coronary imaging findings. Figure 1 depicts different 
calcium patterns as seen on OCT and IVUS. Eccentric 
calcification extends across two quadrants or less and 

thereby has an arc 
of < 180°, concentric 
calcification has an 
arc of > 180°, and 
nodular calcification 
presents as an erup-
tive calcium protru-
sion into the lumen. 
Depth and length 
of calcium are also 
important predictors 
of PCI result. Fujino et 
al demonstrated that 
a calcium arc > 180°, 
depth > 0.5 mm, and 
length of > 5 mm as 
determined by OCT 
had an increased risk 
of stent underexpan-
sion.14 Although both 
OCT and IVUS can 
assess calcium length, 
OCT provides a better 
assessment of calcium 
depth due to the abil-
ity of light to penetrate 
calcium. Ultrasound, 
being unable to pen-
etrate calcium, creates 
an acoustic shadow, 
thereby hindering 
depth assessment. 

However, surrogate markers can be used to determine 
the calcium thickness by IVUS with the presence of 
posterior reverberations being correlated with thinner 
calcium sheets (< 0.5 mm), while significant shadow-
ing suggests thicker calcification (> 1 mm).11 Recently, 
an IVUS-specific scoring system was found to be useful 
in predicting stent underexpansion using four criteria: 
(1) a calcium arc > 270° for a length of 5 mm, (2) the 
presence of 360° calcium, (3) the presence of a calcified 
nodule, and (4) an adjacent vessel diameter < 3.5 mm.15 
A score of 2 suggests that calcium modification should 
be undertaken. 

CALCIUM MODIFICATION
A number of calcium modification techniques, 

including balloon-based technologies, ablative 
techniques, and more recently a lithotripsy-based 
technique, are at the disposal of the interventional 
cardiologists. Our practice has been to determine 
which calcium modification technique to use based 
on intracoronary imaging findings. A simplified cal-

Figure 1.  Coronary calcium patterns as seen on intracoronary imaging. Coronary calcium pat-
terns by OCT (top panel). Eccentric calcification with a calcium angle < 180°; light passes through 
the calcium, allowing an accurate assessment of calcium depth (0.6 mm) (A). Concentric calcifi-
cation with a calcium angle > 180° and affecting more than two quadrants and with a depth of 
1.2 mm (B). Calcified nodule protruding into the lumen (C). Coronary calcium patterns by IVUS 
(bottom panel). Eccentric calcification with a calcium angle < 180°; because ultrasound cannot 
penetrate calcium, a dark acoustic shadow is seen behind the calcium, hindering depth assess-
ment (blue asterisks) (D). Concentric calcification by IVUS with a calcium angle > 180° and affect-
ing more than two quadrants (E). Calcified nodule protruding into the lumen as seen by IVUS (F).
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cium modification algorithm is presented in Figure 2. 
We use balloon-based therapies in eccentric calcifica-
tion and ablative- or lithotripsy-based therapies in con-
centric and nodular calcification. Excimer laser coronary 
angioplasty (ELCA) has had variable results for calcium 
modification. Although it does have some utility for 
uncrossable lesions, given this niche role, we have not 
discussed ELCA in this article. Increasingly, calcium 
modification techniques are seen as being comple-
mentary, and combinations of techniques are often 
advocated when treating coronary calcium. This avoids 
aggressive use of any one technique and in theory may 
avoid complications. Postcalcium modification imag-
ing is recommended to assess results and determine if 
further modification is required prior to stenting. The 
next section summarizes available calcium modification 
techniques and discusses their mechanisms of action.

Eccentric Calcification Therapies 
Specialized balloon-based technologies.  Specialized 

balloon-based technologies include cutting and scoring 
balloons and are generally used in eccentric calcium. 
Cutting balloons consist of a number of microblades 
mounted on a balloon, and scoring balloons consist of 
a semicompliant balloon around which several nitinol 
wires are wrapped. Both make incisions into the cal-
cium and improve vessel compliance, allowing dilation. 
Their designs allow them to grip the calcium, resulting 
in less slippage—also known as “melon seeding”—
which avoids dissection of the adjacent vessel. However, 
in the presence of severe calcification, cutting balloons 
have been found to have less procedural success than 
rotational atherectomy (RA), although they do have 
utility when used as an adjunct to RA.16,17 

Very-high-pressure 
balloons consist of a 
twin-layered, noncom-
pliant balloon with a 
rated burst pressure of 
approximately 35 atm. 
Data on their use are 
limited to observa-
tional studies and in a 
retrospective analysis 
of > 300 undilatable 
lesions by Secco et al—
high angiographic 
success (> 90%) was 
reported with their 
use.18 This technol-
ogy has its place as an 
adjunct to other tech-

niques, and in the aforementioned series, 10% required 
adjunctive RA. As with all balloon therapies, caution 
must be exercised to avoid perforation, which occurred 
in approximately 1% in this retrospective study, 
although all were solved by stenting.18

Concentric and Nodular Calcification
Lithotripsy.  Shockwave intravascular lithotripsy (IVL) 

(Shockwave Medical, Inc.) consists of a balloon-based 
delivery system containing a number of emitters that 
generate short electric sparks. These sparks produce 
a vapor bubble that expands and creates an acoustic 
pressure wave that fractures calcium as it propagates 
through the vessel wall.19 Although the balloon itself 
is dilated to only 4 atm, each short-lived pulse delivers 
an equivalent of approximately 50 atm of pressure. To 
date, IVL has been predominantly used in concentric 
calcification, and a pooled analysis of the DISRUPT CAD 
series of nonrandomized studies demonstrated overall 
procedural success in > 90% of lesions.20 Recently pre-
sented OCT data suggest that IVL can be effective in 
concentric, eccentric, and nodular calcification.21

Rotational atherectomy.  RA, performed with the 
Rotablator system (Boston Scientific Corporation), uses 
a diamond-tipped burr rotating at very high speeds 
(140,000-160,000 rpm) and resulting in differential 
ablation of calcified lesions. RA was previously used 
for aggressive debulking of the calcium, which led to 
a number of complications, including no-reflow (from 
embolization of particulate matter) and vessel perfora-
tion. However, modifications to RA technique such 
as shorter RA runs, the use of a pecking motion at 
the lesion, smaller burr sizes, and the combination of 
adjunctive, complementary techniques have resulted in 

Figure 2.  Calcium modification algorithm based on intracoronary imaging findings.  
NC, noncompliant. 
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less aggressive debulking and less complications. Both 
the ROTAXUS and PREPARE-CALC studies demonstrat-
ed improved acute results after RA in calcified lesions 
versus conventional therapy; however, at 9-month angi-
ographic follow-up, the ROTAXUS study found greater 
late lumen loss (LLL) in the RA arm versus the conven-
tional treatment arm.22,23 One theory for this might be 
that aggressive debulking caused in exuberant healing 
after RA, accounting for the greater LLL. Additionally, 
more contemporary studies are required to examine 
the longer-term outcomes of RA when less aggressive 
debulking is employed. In our practice, we use RA for 
uncrossable and undilatable lesions or concentric calci-
fication and frequently combine RA with other modifi-
cation techniques. 

Orbital atherectomy.  Orbital atherectomy (OA), such 
as the Diamondback 360 OA system (Cardiovascular 
Systems, Inc.), consists of an eccentrically mounted, dia-
mond-coated crown that uses centrifugal force to orbit 
(at 80,000 or 120,000 rpm), resulting in preferential cal-
cium sanding while flexing away from elastic healthy tis-
sue. As with RA, distal embolization can occur; therefore, 
atherectomy runs should be 30 seconds with rest periods 
between each run to allow clearance of embolized debris. 
The nonrandomized ORBIT I and II studies examined the 
safety and effectiveness of OA and found reduction in 
diameter stenosis to 50% in > 98% of lesions.24,25 There 
are currently no randomized trials comparing OA to 
other forms of calcium modification; however, a small 
OCT study suggested deeper calcium modification with 
OA versus RA, and a meta-analysis by Goel et al suggest-
ed no difference between OA and RA in terms of proce-
dural complications and 30-day events, including death 
and stent failure.26,27 Therefore, our practice is to use OA 
in preference to RA in larger vessels with concentric or 
nodular calcification due to the wider rotational orbit 
and deeper calcium modification achieved with OA.

FUTURE DIRECTIONS
Our aging population means that as interventional 

cardiologists, we will be increasingly tasked with percuta-
neously treating more and more complex CAD. This will 
require proficiency in using all types of calcium modi-
fication techniques, an understanding of which tools 
are most appropriate in a given patient, and familiarity 
with intracoronary imaging use to guide the procedure. 
Head-to-head comparisons between calcium modifica-
tion tools are lacking and should be a focus of future 
research in patients where true equipoise exists regarding 
which tool to use. Increasingly, a combination of calcium 
modification techniques are being used in clinical prac-
tice, and again, studies are required to determine which 

combinations have synergistic effects in specific morpho-
logic subtypes. Lastly, as lifelong learning and continuous 
upskilling are fundamental parts of being an interven-
tional cardiologist, educational events, mentoring and 
proctoring on the use of these tools is essential for their 
safe adoption in everyday practice.

CONCLUSION
Calcified CAD continues to present a barrier to suc-

cessful PCI. Its presence is associated with not just poorer 
acute outcomes but also increased adverse events at 
follow-up. Stent underexpansion is one of the most 
powerful predictors of stent failure and more frequently 
occurs in the presence of significant coronary calcification. 
Identifying the presence of coronary calcium is key in plan-
ning a PCI procedure and choosing an appropriate calcium 
modification technique. Although a number of imaging 
modalities can detect calcium, greater understanding of 
calcium morphology, length, and depth through the use of 
intracoronary imaging greatly assists in choosing a calcium 
modification tool and also provides additional benefits 
in guiding the PCI. A number of technologies with differ-
ent mechanisms of action are now available to modify 
coronary calcium, and some may be more appropriate for 
use in one morphologic subtype or other as outlined in 
our algorithm. It should be borne in mind that more than 
one technique may be required, and these tools should be 
considered complementary. Although all techniques have 
potential complications, most demonstrate good safety 
profile when used appropriately. Repeat imaging is essen-
tial to confirm adequate modification or the need for a 
second complementary technique.  n 
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