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

• 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

Definition of Calcified Lesions –

Angiography/Fluoroscopy



Definition of Calcified Lesions –

Angiography/Fluoroscopy

Moderate: 

Seen only during cardiac motion on  

one side of vessel

Severe: 

Seen without cardiac motion on 

both sides of vessel



Endpoint # of studies HR

All cause mortality 4 1.41 (1.27-1.56)

Cardiac mortality 5 1.97 (1.68-2.31)

Myocardial infarction 6 1.33 (1.13-1.57)

MACE 5 1.37 (1.19-1.58)

TLR 8 1.47 (1.18-1.83)

Early TLR (<1 year) 7 1.63 (1.43-1.85)

Stent thrombosis 12 1.63 (1.36-1.96)

Early ST (<30 days) 5 1.69 (1.16-2.45)

Huang et al. Herz 2015;40:1097-106

Meta-analysis of 13 studies and 66,361 pts assessing the 

association between angiographic arget lesion calcification and 

adverse outcomes in pts undergoing DES implantation

10/13 studies compared moderate/severe calcium vs no/mild calcium
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Ischemic Outcomes 

After PCI of Calcified 

Vessels in ACS Pts
Pooled Analysis from the HORIZONS-

AMI and ACUITY Trials

The presence of 

moderate/severe target lesion 

calcification was an 

independent predictor of

1-year definite ST (hazard 

ratio [HR]: 1.62; 95% 

confidence interval [CI]: 1.14 

to 2.30; p=0.007) and

ischemic TLR (HR: 1.44; 95% 

CI: 1.17 to 1.78; p=0.0007)
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Adverse Events Post-PCI

And Calcification 
Findings from a large multiethnic 

registry

The three strongest

independent predictors of moderate to 

severe coronary calcification were 

lesion length, pt age, and LM location 

(c-statistic 0.73). 

After adjusting for age, race, BMI, 

CKD, hypertension, smoking, prior MI 

or CABG, PAD, anemia, and lesion 

length, location, and angiographic 

characteristics, moderate or severe 

calcification remained associated with 

MACE (HR 1.63 [1.42, 1.86], P<0.001) 

and mortality (HR 1.64 [1.26, 2.15], 

P<0.001).

Copeland-Halperin et al. Cathet Cardiovasc Interv 2018;91:859-66



10-yr clinical outcomes: Pooled analysis of the ISAR-TEST 4 

and 5 randomized trials

No 

calcium

Mild 

calcium

Moderate 

calcium

Severe 

calcium P-value

# 1212 2069 1276 396

All cause mortality 25.3% 32.1% 41.7% 46.5% 0.004

TLR 17.4% 16.5% 19.8% 28.7% 0.001

MI 4.9% 5.9% 6.0% 10.5% 0.02

Definite/probable ST 1.3% 1.4% 1.8% 3.6% 0.6

Rheude et al. EuroIntervention. 2022 ;18:1188-96



Moderate/Severe Angiographic Coronary Calcification and 

Long-Term Outcomes According to DES Generation

Guedeney et al. JACC Cardiovasc Interv. 2020;22:1417-28.

• Individual pt data were pooled from 18 RCT 

evaluating DES, categorized according to the 

presence of angiography core laboratory-

confirmed moderate or severe coronary artery 

calcium. 

• A total of 19,833 patients were included. Moderate 

or severe calcium was present in 1 or more target 

lesions in 6,211 patients (31.3%). 

• Major endpoints were the patient-oriented 

composite endpoint (POCE; death, MI, or any 

revascularization) and the device-oriented 

composite endpoint of target lesion failure (cardiac 

death, target vessel MI, or ischemia-driven TLR).

5-year outcomes Adjusted HR (95%CI)

POCE

TLF

Death or MI

Death or MI

Stent Thrombosis

0.88 (0.78-1.00)

0.73 (0.61-0.87)

0.74 (0.63-0.87)

0.69 (0.56-0.86)

0.61 (0.41-0.90)

0.25 4

2nd Generation DES better 1st Generation DES better
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IRIS-DES Registries (n=17,084 pts with 27,739 lesions)

The presence of moderate/severe 

coronary artery calcium was 

significantly associated with an adjusted 

risk of TVF at 3 yrs [hazard ratio, 1.37; 

95% confidence interval (CI), 1.19-1.58; 

P < 0.001].

For severe calcium, optimal lesion 

preparation was associated with a lower 

3-year rate of TVF (22.3vs. 12.8%) in 

the late F-U period of 1–3yrs (HR, 0.28; 

95% CI, 0.12–0.69; P=0.003), but not in 

the early F-U period <1yr (HR, 1.16; 

95% CI, 0.37–3.71; P=0.80). However, 

post-dilation with a high-pressure 

noncompliant balloon had no effect on 

the outcome. There was no impact of 

technique on lesser amounts of 

calcium. 



Abdel-Wahab et al. JACC 

Cardiovasc Interv 2013;6:10-9
Rheude et al. EuroIntervention. 

2021;17:481-488.

Scalamogna et al. Cardiovasc Revasc

Med 2023;49:22-27

Abdel-Wahab et al. Circ Cardiovasc 

Interv. 2018;11:e007415

Randomized clinical trials using the fluoroscopic definition of 

moderate/severe calcium 





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

Angiography is only moderately sensitive for detection of extensive 

lesion calcium (sensitivity 60% and 85% for 3- and 4-quadrant calcium, 

n=1155)
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Angiographic Calcification

IVUS None/Mild Moderate Severe

# 715 306 134

Target lesion Ca++ 61% 90% 98%

Arc of lesion Ca++ (°) 71±83 165±106 238±104

Superficial lesion Ca++ 37% 72% 92%

Arc of Superficial lesion Ca++ (°) 44±74 124±110 215±119

Arc of reference Ca++ (°) 25±63 61±93 87±98

Total length of Ca++ (mm) 3.6±4.4 7.2±6.4 9.7±6.4

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



Concentric calcium Eccentric calciumDeep calcium Superficial calcium Calcified nodule

Jeremias et al. Circ Cardiovasc Interv. 2020;13:e008686. doi: 10.1161/CIRCINTERVENTIONS.120.008686



*

*

*

*

Wang et al. JACC Cardiovasc Imaging 2017;10:869-79

Mintz and Guagliumi. Lancet 2017;390:793-809
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IVUS (+) IVUS (-)

Angio (+) 176 1

Angio (-) 188 75

OCT (+) OCT (-)

Angio (+) 172 5

Angio (-) 166 97

OCT (+) OCT (-)

IVUS (+) 338 26

IVUS (-) 0 76

IVUS (+) (N=364)

OCT (+) (N=338)

Angio (+) 

(N=172)

All (N=440)

N=4

N=1

Wang et al. JACC Cardiovasc Imaging 2017;10:869-79



Pre and post-OCT calcium scoring system predicting 

stent expansion

Fujino et al. EuroIntervention 2018;13(18):e2182-e2189

Test cohort of 128 pts
Regression Coefficient 95% CI P-value Calcium Score

Maximum calcium angle (per 180°) -7.43 -12.6 to -2.21 <0.01
Maximum calcium 

angle

≤180° 0

>180° 2

Maximum calcium thickness (per 0.5 mm) -3.40 -6.35 to -0.45 0.02
Maximum calcium 

thickness

≤0.5mm 0

>0.5mm 1

Calcium length (per 5 mm) -3.32 -4.09 to -0.55 0.01 Calcium length
≤5mm 0

>5mm 1

Validation cohort of 133 pts

Score
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 

(93, 108)

98 

(86, 109)

86 

(77, 100)

98 

(83, 104)

78 

(70, 86)
<0.01

Stent expansion at MSA, %
91 

(84, 95)

85 

(78, 93)

80 

(73, 93)

80 

(73, 85)

69 

(60, 77)
<0.01



IVUS calcium score predicting stent expansion (as a 
continuous variable) in lesions with calcium >270°

Test cohort of 97 pts
Regression Coeff 95% CI P-value Cut-off Calcium Score

Length of calcium >270° (per 5mm) -5.5 -9.7, -1.2 0.01 5.0
≤5mm 0

>5mm 1

Calcium Nodule -10.2 -16.3 to -4.2 0.0009
absent 0

present 1

Vessel diameter (per 1mm) 8.6 2.7 to 14.4 0.004 3.5
>3.5mm 0

≤3.5mm 1

Circumferential calcium -14.3 -25.0 to -3.5 0.009
absent 0

present 1

Stent underexpansion (<70%) in the validation cohort of 97 pts

Cut-off C-statistics Sensitivity Specificity PPV NPV

Score ≥2 0.85 [0.77, 0.93] 89% 63% 48% 94%

Zhang et al. Circ Cardiovasc Interv. 2021;14:e010296. doi: 10.1161/CIRCINTERVENTIONS.120.010296

In 67 lesions without angiographically visible calcium, but with a maximum IVUS angle of superficial calcium 
>270° , there were none with a calcium score of 4 and only 1 with stent underexpansion.



DeMaria et al. J Am Coll Cardiol Intv 2019;12:1465–78 



Superficial calcium

OCT - Calcification meets ≥3 of the following criteria:

Thickness >0.5mm, Length >5 mm, Arc >50% of circumference

IVUS - >270° calcification plus ≥2 of the following criteria:

Circumferential, >5mm length of calcium >270⁰, Calcified nodule, Vessel ≤3.5mm

RA, OAS, or IVL
Proceed to IVI-guided DES 

implantation – sizing and optimization

Nodular calcium

IVI to assess calcified plaque Uncrossable lesion

Yes

Proceed to IVI-guided DES implantation –

sizing and optimization with final IVI, 

especially to confirm acceptable stent 

expansion

Calcium fracture present on IVI

YesNo

RA, OAS, 

(ELCA)
OAS (RA)

No

Additional calcium modification with 

scoring/cutting balloon, RA, OAS, or IVL 

before stenting

YesNo

Yes

Mintz et al. Heart 2021;107:755-64



Calcium 

Fracture

Post-Balloon Post-Stent Final

Detection of Calcium Fracture

Calcium 

Fracture

Vessel stretch

Vessel stretch



Question

Is the definition of Moderate to Heavy Calcification 

based on fluoroscopy or intravascular imaging



Answer

Both. It depends on the situation.


