
 
 

Intravascular Imaging of 

Coronary Calcification and Its 

Clinical Implications 

Gary S. Mintz, MD 

Cardiovascular Research Foundation 



Disclosure Statement of Financial Interest 

• Grant/Research/Fellowship Support 

 

• Consulting Fees/Honoraria 

• Boston Scientific, Philips, 

InfraReDx, Abbott 

• Boston Scientific, Philips, Infraredx, 

Abbott 

Within the past 12 months, I or my spouse/partner have had a financial 

interest/arrangement or affiliation with the organization(s) listed below. 

Affiliation/Financial Relationship Company 



Angiographic Definitions 

• Readily apparent densities noted within the vascular wall at 

the site of the stenosis 

 Moderate: Densities seen prior to contrast injection, but only 

during cardiac motion 

 Severe: Densities seen prior to contrast injection, but w/o 

cardiac motion and usually involve both sides of the arterial wall 
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Genereux et al. Int J Cardiol. 2017;231:61-67  

In the ADAPT-DES database of unselected pts undergoing PCI with DES, calcium 

was seen in approximately one-third of the target lesions and was independently 

and consistently associated with an increased risk of both ischemic events and 

bleeding events across 1st and 2nd generation DES 



Mintz et al. Circulation 1995;91:1959-65. 
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IVUS quadrants of 

superficial calcium 

The only predictor of IVUS calcium was angiographic 
calcification elsewhere in the coronary tree.  

(Tuzcu et al. J Am Coll Cardiol 1996;27:832-8) 
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Angiography is only moderately sensitive for detection of extensive 

lesion calcium (sensitivity 60% and 85% for three- and four-quadrant calcium) 
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Wang et al. JACC Cardiovasc Imaging 2017;10:869-79 

Mintz and Guagliumi. Lancet 2017;390:793-809 
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IVUS stent expansion is the strongest predictor of early 
ST or restenosis after BMS or DES 

Early Stent Thrombosis Restenosis 

BMS •Cheneau et al. Circulation 2003;108:43-7 •Kasaoka et al. J Am Coll Cardiol 1998;32:1630-5 

•Castagna et al. AHJ 2001;142:970-4 

•de Feyter et al. Circulation 1999;100:1777-83 

•Sonoda et al. J Am Coll Cardiol 2004;43:1959-63 

•Morino et al. Am J Cardiol 2001;88:301-3 

•Ziada et al. Am Heart J 2001;141:823-31 

•Doi et al. JACC Cardiovasc Interv. 2009;2:1269-75 

DES •Fujii et al. J Am Coll Cardiol 2005;45:995-8) 

•Okabe et al., Am J Cardiol. 2007;100:615-20 

•Liu et al. JACC Cardiovasc Interv. 2009;2:428-34 

•Choi et al. Circulation Cardiovasc Interv. 20011;4:239-47 

•Sonoda et al. J Am Coll Cardiol 2004;43:1959-63 

•Hong et al. Eur Heart J 2006;27:1305-10 

•Doi et al JACC Cardiovasc Interv. 2009;2:1269-75 

•Fujii et al. Circulation 2004;109:1085-1088 

•Hahn et al. J Am Coll Cardiol 2009;54:110-7 

•Kang et al. Circ Cardiovasc Interv 2011;4:9-14 

•Kang et al. Circ Cardiovasc Interv 2011;4:562-9 

•Choi et al. Am J Cardiol 2012;109:455-60 

•Song et al. Catheter Cardiovasc Interv. 2014;83:873-8 



Vavarunakis et al. Catheter Cardiovasc Interv 2001;52:164-172  

Hoffmann et al. Eur Heart J 1998;19:1224-31 

 

 

*There was a similar, albeit 

less strong, correlation after 20 

atm inflation (r=-0.58, 

p=0.0007) 
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In general, increasing amounts of IVUS-detected calcium was 

associated with increasing PCI dissections and decreased vessel 

expansion 

• Fitzgerald et al. 

Circulation 1992;86:64-70 

• Potkin et al. J Am Coll 

Cardiol 1992;20:942-51 

• Kovach et al. J Am Coll 

Cardiol 1993;22:1024-32 

• Mintz et al. Circulation 

1995;92:3408-14 

• Von Birgelen et al. Am J 

Cardiol 2003;92:5-10 



 
 

Maximum 
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angle* 
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>180° 2 

Maximum 

calcium 

thickness* 

≤0.5mm 0 

>0.5mm 1 

Calcium 

length* 

≤5mm 0 

>5mm 1 

Calcium score (based on pre-PCI OCT) 

0  

(n=27) 

1  

(n=45) 

2  

(n=34) 

3  

(n=3) 

4  

(n=24) 
p- value 

MSA, mm2 
7.2  

(5.4, 9.2) 

6.3  

(5.2, 8.4) 

5.9  

(4.8, 8.0) 

6.7  

(5.8, 7.1) 

5.7  

(4.4, 7.4) 
0.21 

Stent expansion at target  

lesion calcium, % 

99  
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98  
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86  
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98  

(83, 104) 

78  

(70, 86) 
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Stent expansion at MSA, % 
91  
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85  
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80  
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80  

(73, 85) 

69  

(60, 77) 
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OCT-based calcium scoring system to predict stent 

under-expansion 
Calcium score derived from 

pre- and post-stent OCT in 

a test cohort of 128 pts 

Stent expansion vs calcium score in a validation 

cohort of 133 pts 

*Largest calcium deposit 

Fujino et al. EuroIntervention, in press 



Correlates of IVUS Lesion Calcium 

Mintz et al. J Am Coll Cardiol 1997;29:268-74 
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Calcium is an Index of Plaque Burden 
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IVUS arc of calcium (° ) In 37 nondecalcified coronary 

arteries in 13 hearts  

• Significant correlation between 

calcium area and plaque area on a 

per-heart basis (r=0.87, p<0.0001), 

per-artery basis (LAD: r=0.89, 

p<0.0001; LCX: r=0.7, p<0.001; RCA: 

r=0.89, p<0.0001) and per-segment 

basis (r=0.52, p<0.0001).  

• Poor correlation between residual 

lumen area and calcium area for 

individual hearts (r=0.48, p=NS), 

individual coronary arteries (LAD: 

r=0.59, p=NS; LCX: r=0.10, p=NS; 

RCA: r=0.59, p=NS) and coronary 

segments (r=0.07, p=NS).  

 Sangiorgi et al. J Am Coll Cardiol  
2000;31:126-33 



Arad et al. Circulation 1996;93:1951-3 

Arad et al.  J Am Coll Cardiol 2000;36:1253-60 
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Association of Coronary Artery Calcium With Non-

Cardiovascular Disease  
(n=6814 pts followed for 10.2 yrs [median]) 

Participants with elevated CAC were at increased risk of cancer, CKD, COPD, and hip fractures. Those with CAC = 

0 are less likely to develop common age-related comorbid conditions, and represent a unique population of 

“healthy agers.” 
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Handy CE et al. J Am Coll Cardiol Img 2016;9:568-76. 



Spotty Calcification in ACS/MI 

p<0.0001 

• Spotty calcification = only small calcium deposits <90° 

• Intermediate calcification = 90-180° in at least 1cross-section 

• Extensive calcificaiton =  >180° in at least 1 cross-section 

Ehara et al. Circulation 2004;110:3424-9 

MI 

(n=61) 

ACS 

(n=70) 

Stable Angina 

(n=47) 

No calcium 26% 41% 21% 

Spotty calcium 51% 40% 30% 

Intermediate calcium 15% 16% 11% 

Extensive calcium 8% 3% 38% 



Pu et al. J Am Coll Cardiol 2014;63:2220-3 
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FA Prevalence (%) • 72.6% of superficial spotty 

calcium was seen in FA 

with calcium deposits 

• 45.3% late FA 

• 27.3% early FA 

• 32.6% of deep spotty 

calcium was seen in FAs 

and only 12.5% were 

associated with a large NC 

• 67.4% of deep spotty 

calcium was seen in 

fibrocalcific plaque 

without a necrotic core 



Spotty Calcium and Atherosclerosis 

Progression from the Cleveland Clinic 

Core Laboratory 

Spotty Calcium No Calcium P-value 

Patients 922 425 

Baseline PAV 36.0±7.5% 29.0±8.5% <0.001 

ΔPAV 0.43±0.07% 0.02±0.10% 0.002 

Adjusted ΔPAV* 0.68±0.12% 0.05±0.17% 0.002 

*adjusted for clinical 

characteristics, LDL and HDL, 

statin use, and baseline PAV 

Kataoka et al. J Am Coll Cardiol 2012;59:1592-7 



Kataoka et al. Cardiovasc Diagn Ther 2014;4:460-9 

Afolabi et al. Catheter Cardiovasc Interv. 2018;91:582-590 

• Plaques containing spotty 

calcification had more lipid, 

thinner fibrous caps, and a higher 

prevalence of microchannels. 

• Patients with spotty calcification 

benefitted more from intensive 

statin than from moderate statin 

therapy. 



# Ruptured 

plaques 

Plaque 

erosions 

Calcified 

nodules 

SCAD Other or 

Indeterminate 

Guagliumi et al. JACC Cardiovasc 

Interv. 2014;7:958-68 

140 STEMI 69 35*   2 34 

Nishiguchi, et al. Eur Heart J Acute 

Cardiovasc Care. 2016;5:263-70 

326 ACS 160 153*   13   

Wang et al. Eur Heart J Cardiovasc 

Imaging. 2015;16:1381-9 

72 STEMI 37 25* 2   8 

Jia, et al. J Am Coll Cardiol 

2013;62:1748-58 

132 ACS 55 39 10 3 22** 

Higuma et al. JACC Cardiovasc Interv 

2015;8:1166-76 
112 STEMI 72 30 9 1 

Kajander et al. Eurointervention 

2016;12:716-23 
70 STEMI 34 31* 5 

Kwon et al, Korean Circulation J 

2016;46:499-506 
133 ACS 90 43 

Total 985 52% 36% 3% 2% 9% 

** included tight 

stenosis, 

coronary spasm, 

fissure, 

Takotsubos, and 

lesions without 

any specific 

characteristics 

*included all 

plaques with 

intact fibrous 

caps 

Causes of ACS (STEMI/NSTEMI) 
In Vivo OCT Imaging 



Dussaillant et al. Am Heart J 1996;132:687-9 

Jia et al. J Am Coll Cardiol 2013;62:1748-58 

 

0 6mm 

“We present three patients with classical 

angiographic features of intracoronary 

thrombus in whom IVUS imaging showed 

that the filling defects were not thrombi, 

but calcified (presumably atherosclerotic) 

masses.” 



Ex Vivo High Resolution Micro-CT 

Courtesy of Luis Cardoso and Sheldon Weinbaum 

Department of Biomedical Engineering 

 City University of New York  



Potential impact of microcalcification as a stress concentrator 

increasing fibrous cap instability and promoting rupture 

Cardoso et al. J Biomech. 2014;47:870-7 

Maldonado et al. Int J Cardiovasc Imaging 2015;31:1079-87  

 

 




