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Calcific Coronary Lesion 
Imaging and Treatment
Pros and cons of the available imaging modalities and modification therapies for coronary artery 

calcium, plus the importance of a structured, algorithmic approach to management. 

By Harshith Chandrakumar, MBBS, PGY6; Molly Silkowski, DO, PGY6;  
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C oronary artery disease is a leading cause of 
mortality in the United States. Coronary artery 
calcium (CAC) is a highly specific feature of 
coronary atherosclerosis and portends major 

cardiovascular events, even in asymptomatic individu-
als.1 CAC is more prevalent in men than women in 
patients aged ≥ 70 years and < 40 years: 93% versus 
75% and 30% versus 15%, respectively.2 It results in 
reduced vascular compliance and impaired vasomotor 
response, ultimately affecting myocardial perfusion.1 
Atherosclerotic plaques are made of fibrous tissue, 
cholesterol crystals, and matrix materials like smooth 
muscle cells and calcium. There is a direct associa-
tion between CAC score and atherosclerotic burden.3 
Deposition of calcium can occur in the tunica media 
layer commonly seen in peripheral arteries (known as 
medial sclerosis) or in the intimal layer commonly seen 
in coronary arteries. Calcified nodules arise from frac-
tured calcified sheets and can protrude into the media, 
potentiating thrombosis.4 Advanced age, diabetes melli-
tus, dyslipidemia, hypertension, smoking, kidney disease, 
and White race can all increase susceptibility to CAC.1 
Spotty calcification predicts plaque instability, whereas 
heavy calcification correlates to the plaque burden. 
Overall, patients presenting with acute coronary syn-
dromes have less calcium as compared to individuals 
with stable angina with or without prior myocardial 
infarction (MI) who show diffuse calcification.4 

In a study involving individual pooled data from 18 
randomized controlled trials evaluating drug-eluting 
stents (DESs), the prevalence of moderate-to-severe 
CAC was 31.1%.5 CAC is associated with procedural 
complications, including impaired stent delivery and 
deployment causing underexpansion, malapposition, 

and direct damage to the stent surface, potentially 
impairing local delivery of the antiproliferative agent.5 
Furthermore, moderate-to-severe CAC at the lesion site 
is attributed to worse outcomes, including cardiac and 
noncardiac death, MI, repeat revascularization rates, 
stent thrombosis, and higher overall major adverse car-
diovascular event rates.4,5 In this article, we provide an 
overview of imaging and treatment modalities of calcific 
coronary lesions.

IMAGING MODALITIES FOR CALCIUM 
DETECTION

Current techniques used to identify CAC include 
coronary CTA (CCTA), coronary angiography, intravas-
cular ultrasound (IVUS), and optical coherence tomog-
raphy (OCT). 

CCTA
CCTA is the only noninvasive test capable of detecting 

coronary calcium. The score is divided into three cat-
egories: 0 to 100, > 100 to < 400, and > 400. Large-scale 
observational studies have shown that CT-based CAC 
scoring adds prognostic value in predicting cardiac death 
and MI in patients at intermediate risk for events.1,6

Coronary Angiography
Coronary angiography has a low sensitivity but high 

specificity for detection of coronary calcium, which 
could partly be attributed to suboptimal inter and 
intraobserver reproducibility. Coronary calcium can 
appear as linear radiopacities following the silhouette 
of coronaries. Angiographically, coronary calcium is 
classified into mild or none, moderate (when detected 
during cardiac cycle motion before contrast injection), 
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and severe (when detected before contrast injection 
regardless of cardiac motion on both sides of the arte-
rial lumen).7 Coronary angiography has a diagnostic 
accuracy of 59%, but provides a limited assessment of 
calcium depth, arc, and length.7

IVUS and OCT
Advanced intravascular imaging techniques, such 

as IVUS and OCT, help overcome the shortfalls of 
coronary angiography, providing a comprehensive 
assessment of the lesion calcium, and guide in choos-
ing appropriate calcium modification tools. In a study 
including 440 patients, calcium was detected by angiog-
raphy in 40% of lesions, IVUS in 83%, and OCT in 77%. 
Of the 40% seen angiographically, 30% had moderate 
calcium and only 10% had severe calcium.8

IVUS.  On IVUS, calcified plaque is detected as an 
area of high echogenicity, brighter than the reference 
adventitia, with a characteristic acoustic shadowing. 
IVUS can assess the arc, length, and distribution pat-
terns of coronary artery calcification. The arc of calcium 
is classified as none, one quadrant (0°-90°), two quad-
rants (91°-180°), three quadrants (181°-270°), or four 
quadrants (271°-360°) (Figure 1).  

Calcium location could be superficial, deep, or both. 
Ultrasound signals cannot penetrate calcified plaque 
and thus thickness and volume cannot be determined 
with IVUS.1,7 The following IVUS-measured morpho-
logic characteristics of calcified plaque are shown to be 
associated with greater stent expansion (> 70%) with 

use of calcium modification tools: (1) 360º calcium 
arc, (2) calcium arc of > 270º with a length of calcium 
≥ 5 mm, (3) calcium present in a vessel with a diameter 
< 3.50 mm, and (4) presence of a calcified nodule.9,10 

OCT.  OCT uses infrared light and provides a 10-fold 
higher resolution compared with IVUS. It helps visualize 
the calcified plaque without the artifacts, thus evaluat-
ing calcium thickness more accurately. Calcium appears 
as a heterogeneous area of low backscatter with low 
attenuation and clear borders.9 OCT can quantify calci-
fication by size of the circumferential arc, thickness, lon-
gitudinal depth, area, and three-dimensional volume. It 
has a tissue penetration depth of 1 to 2 mm; in cases of 
large vessels or thick calcium, the far side of the plaque 
cannot be detected.11 Aggressive plaque modification 
should be considered for lesions with calcium deposit 
of a maximum angle > 180º (2 points), maximum thick-
ness > 0.5 mm (1 point), and length > 5 mm (1 point). 
A score of 4 has a significantly higher risk of underex-
pansion.12

GENERAL APPROACH TO CALCIUM 
MODIFICATION THERAPIES

Several algorithms have been proposed to manage 
coronary calcium. The general approach involves imag-
ing guidance to evaluate calcium and incorporates 
plaque modification therapies like atherectomy devices 
or specialty balloons prior to stent deployment.

CCTA may assist with preprocedural planning to 
assess global calcium burden, complex coronary anato-
my, distribution of calcium, and presence of ostial cal-
cium, while fractional flow reserve CT can be used for 
hemodynamic assessment of severe lesions. In the case 
of extensive calcium (cross-sectional calcium > 270º), 
CCTA helps with planning11; however, routine use of 
CCTA varies based on institutional protocols.  

Intravascular imaging can be used to guide every step 
of percutaneous coronary intervention (PCI): at base-
line, after lesion preparation, and after stent implan-
tation.11 The 2021 ACC/AHA/SCAI Coronary Artery 
Revascularization guidelines gave a 2a, level of evidence 
B-R, recommendation for the use of intravascular ultra-
sound “for procedural guidance, particularly in left main 
or complex coronary artery stenting, to reduce ischemic 
events.” If intravascular imaging meets the criteria for 
calcium modification as previously discussed and as 
shown in Figure 1, adjunctive devices such as rotational 
atherectomy (RA), orbital atherectomy (OA), intravas-
cular lithotripsy (IVL), or specialty balloons should be 
used. PCI can be performed if there is full expansion 
of a 1:1 balloon in two views. If initial therapies are 
suboptimal, further modification can be done to attain 

Figure 1.  IVUS exhibiting calcium in all four quadrants.
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sufficient lumen gain or calcium fracture. Atherectomy 
devices are preferred in long, diffusely calcified lesions, 
specialty balloons for focal lesions, and IVL for con-
centric lesions with deep calcium and calcium nod-
ules.9,11 A similar algorithm has been proposed by the 
European Association of Percutaneous Cardiovascular 
Interventions (EAPCI) consensus statement.11

RA, OA, excimer laser coronary atherectomy 
(ECLA), and IVL are known to be ablative devices that 
debulk the calcific plaque, whereas balloon-based 
techniques cause disruption of calcium but do not 
remove them.

Currently, there are multiple trials underway to assess 
the safety and efficacy of RA, OA, ECLA, and IVL, but no 
head-to-head, comparative randomized control trials 
between the devices have been attempted. 

TREATMENT MODALITIES FOR CALCIUM 
MODIFICATION
RA

RA features an olive-shaped metallic burr with a dia-
mond crystal tip that rotates at high speeds to ablate 
the plaque (Rotapro, Boston Scientific Corporation). 
Highly pressurized air is converted to rotational energy, 
with continuous infusion of a lubricant medium. Plaque 
debulking is completed via differential cutting, wherein 
the burr preferentially ablates inelastic tissue. The rec-
ommended burr size/artery ratio is 0.4 to 0.6. A 1.5-mm 
burr is used for arteries ≤ 3 mm in diameter and a 
1.75-mm burr for > 3 mm. Atherectomy is performed 
in a pecking motion with a short ablation duration 
(< 30 seconds) using a 0.014-inch RotaWire (Boston 
Scientific Corporation). Careful technical consider-
ations can avoid coronary slow flow or no flow.9,11 The 
ROTAXUS and PREPARE-CALC trials showed increased 
rates of successful stent deployment in patients with 
heavily calcified lesions.13,14 Given that 20% of patients 
undergoing PCI could have severe coronary calcifica-

tion, a validated RotaScore can be used to assess the 
need for RA as the initial strategy.15 Figure 2 shows 
a successful case of RA-guided PCI of a chronic total 
occlusion (CTO) in the mid left anterior descending 
(mLAD)/diagonal branches with a 1.5-mm burr and 
3.5- X 38-mm DES.

OA
The Diamondback 360 OA system (Abbott) has an 

eccentrically mounted, diamond-coated crown that 
allows for bidirectional atherectomy. The device uses 
centrifugal force, allowing atheroablation by a sand-
ing mechanism while being advanced and retracted at 
approximately 1 mm/s. It uses a 0.014-inch ViperWire 
(Abbott), starting at 80,000 rpm in all vessels. In vessels 
with a diameter ≥ 3 mm, the speed can be increased to 
120,000 bpm to achieve bigger lumen gain, not exceed-
ing 30 seconds.9,11 The ORBIT I and II trials compared 
PCI with and without OA in calcified lesions, showing 
high procedural success for stent placement.16,17 OA 
should be avoided in lesions with tortuosity, severe 
angulation, and vessels < 3 mm in diameter as these 
might increase risk of vessel perforation.11,18

ECLA
Excimer laser coronary atherectomy (ECLA) debulks 

and modifies the tissue with photochemical, photo-
thermal, and photokinetic properties, without causing 
significant thermal injury. The generated heat breaks 
apart cellular debris, allowing greater luminal expan-
sion. ECLA has been infrequently used due to scant 
data from clinical trials and perceived complexity about 
its use. Current relevant indications for ECLA include 
balloon-uncrossable and balloon-undilatable lesions, 
underexpanded and underdeployed stents, diffuse in-
stent restenosis, aorto-ostial lesions, moderately calci-
fied lesions, large intracoronary thrombus, and saphe-
nous vein grafts.19

Figure 2.  Successful RA-guided PCI of the CTO mLAD/diagonal branches with a 1.5-mm burr and 3.5- X 38-mm DES.
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IVL
The Shockwave C2 coronary IVL catheter 

(Shockwave Medical) is a novel therapy for vascular 
calcification. It uses a single-use balloon catheter con-
taining spark gap–based lithotripsy that emits pulsa-
tile sonic pressure waves to selectively interact with 
calcium.9,20 It is positioned across the target lesion 
on a standard 0.014-inch guidewire and inflated to 
4 atm to deliver 10 shockwaves. IVL emitters produce 
electric sparks that create vapor bubbles within the 
integrated balloon. This leads to formation and expan-
sion of vapor bubbles, resulting in peak acoustic pres-
sures up to 50 atm. The pressures propagate circum-
ferentially and transmurally, imparting compressive 
stress on calcified plaques and creating fractures. The 
balloon undergoes periodic deflation between pulse 
deliveries to remove residual gas bubbles and allow 
tissue reperfusion.20 The new-generation C2+ device 
delivers up to 120 pulses.

IVL received FDA premarket approval in the United 
States in 2021 after the Disrupt CAD III study, a pro-
spective, single-arm trial performed in 384 patients with 
severely calcified coronary lesions. IVL demonstrated 
92.4% procedural success and a 30-day major adverse 
cardiovascular events (MACE) rate of 7.8%. At 1 year, 
MACE occurred in 13.8% of patients with a 1.1% rate 
of stent thrombosis.21 In a pooled patient analysis of 
the Disrupt CAD I to IV studies, procedural success was 
seen in 92.4% of 628 patients, with low rates of compli-
cations and no slow flow or no reflow events after the 
procedure.22 The ability of IVL to act on concentric cal-
cium (both eccentric and nodular), its ease of use, and 
reported fewer complications have increased its prefer-
ability (Figure 3). 

Balloon-Based Therapy
Conventional balloon angioplasty is usually per-

formed with noncompliant (NC) or semicompliant 

balloons. These are typically used in lesions with a mild 
degree of calcium or to prepare heavily calcified lesions 
for modification. The presence of CAC increases the 
chances of procedural failure and complications after 
balloon angioplasty.1 Due to varying amounts of calci-
fication, the force applied across the vessel wall could 
be uneven and more toward the most compliant vessel 
wall, resulting in perforation, dissection, restenosis, or 
MI.1,9 Further, the nonuniform expansion can impinge 
the balloon to the spiculated calcium, risking balloon 
rupture.9 High-pressure balloons (OPN, SIS Medical AG) 
are double-layered, super-NC balloons that can inflate 
up to 35 atm safely—and up to 40 to 50 atm in some 
cases. The disadvantage of high-pressure balloons is 
the increased risk of vessel perforation and inability 
to recross the lesion once inflated.11 Cutting balloons 
such as Wolverine (Boston Scientific Corporation) are 
NC balloons with multiple microblades on its longitu-
dinal surface. Scoring balloons are semicompliant or 
NC with scoring elements on the surface. These create 
shallow incisions at low-pressure inflations (controlled 
dissections), causing localized injury and calcium frac-
ture.9 There are three scoring balloons available in the 
United States: AngioSculpt (Philips), Chocolate XD 
(Teleflex), and Scoreflex NC (Abbott, manufactured by 
OrbusNeich).

CONCLUSION
Moderate-to-severe CAC increases the complexity 

of PCI and creates an unfavorable environment for 
stent deployment. With growing evidence showing 
improved revascularization outcomes, the use of cal-
cium modification techniques has become indispens-
able. Ease of access to intravascular imaging modalities 
like IVUS and OCT provides better understanding 
and objective evidence of calcified coronary lesions. 
Identification of these lesions would aid in procedural 
planning, avoiding undue complications. Several algo-

Figure 3.  A severe, heavily calcified mid right coronary artery lesion successfully treated with a 3- X 12-mm IVL balloon for 
90 pulses. 
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rithms exist based on user preference, and the SCAI 
and EAPCI consensus statements provide guidance for 
a structured approach.  n 
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