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State of the art lecture –
How to address highly

calcified lesions

Holger Nef
Heart Center Bad Segeberg, Germany

Vascular calcification

Vascular calcification Vascular calcification

Akers E et al. Arteriosclerosis, Thrombosis, and Vascular Biology Volume 39, Issue 10, October 2019, Pages 1902-1910
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Morphology of coronary calcification

CONCENTRIC ECCENTRIC NODULAR 

Morphology of coronary calcification

small dense fragments or nodules of 
calcium with smooth intact fibrous cap.

small dense fragments or nodules of calcium 
with fibrous cap disruption and luminal 
thrombus

ERUPTIVE NODULAR SMOOTH CAP NODULAR

Morphology of coronary calcification

SUPERFICIAL CALCIUM
(Fibrocalcific Plaque) DEEP CALCIUM

Epidemiology of coronary calcification
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Distribution of coronary calcification

Mintz et al Circulation 1995

Effect of calcium on vessel compliance

Calcific plaque is at least 4-5 times 
less compliant than cellular plaque

Alfonso F et al, J Am Coll Cardiol. 1994 

Goals of PCI: The clinical need!

a) Fitzgerald et al, Circulation. 2000; b) Choi et al, Circ Cardiovasc Interv. 2011; c) Ahn et al, Am J Cardiol. 2014.

Impact of calcium on PCI outcomes

 The greater the arc of calcium and 
the less vessel compliance exists, 
the greater the likelihood of stent
underexpansion

 Stent underexpansion is associated
with MACE after PCI

1. Mintz, G; I. J Am Coll Cardiol Imaging 2015;8(4): 461-71.
2. Chambers JW, et al. J Am Coll Cardiol Intv 2014; 7:510–8.
3. Généreux P, et al. JACC 2014; 63(18);1845-54
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Impact of calcium on PCI outcomes

Bourantas CV et al. Heart. 2014

Mortality in patients after PCI in calcifed lesions

Impact of calcium on PCI outcomes

Guedeney, P. et al. J Am Coll Cardiol Intv. 2020;12(12):1417-28

Impact of calcium on PCI outcomes

Morofuji T, et al. Catheter Cardiovasc Interv. 2021 Jan 1;97(1):10-19.

Presence of calcified nodules in calcified lesions

Anaylsis of calcified lesions

1. Calcium thickness
2. Arc of calcium
3. Differentiation between excentric vs concentric calcium
4. Length of calcium

M L D M A X

1, 2, 3 - Essentials
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#1 Thickness of calcium

Nef et al. OCT Compendium 2018

#2 Arc of calcium

Nef et al. OCT Compendium 2018

#4 Eccentric or concentric calcification

Nef et al. OCT Compendium 2018

#5 Length of calcium

Nef et al. OCT Compendium 2018
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Case example Case example

Tools of treatment

How to treat a calcified lesions first?

Cutting-Balloon

Wolverine Cutting Balloon
(Boston Scientific)
• Non-compliant Balloon

21 22
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Super high pressure balloon Rotational Atherectomy

Minimum ID 
Required

Recommended 
Guide CatheterBurr Diameter

(cm)(French)*Ɨcmmm

0.15ǂ6.00.131.25

0.166.00.151.50

0.197.00.181.75

0.218.00.202.00

0.238.00.222.15

0.249.00.232.25

0.259.00.242.38

0.2610.00.252.50

Intravascular Lithotripsy Orbital Atherectomy
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Cutting vs NC-Balloons

Mangieri et al. Cath Cardiovasc Interv 2023

COPS Trial, n=100

Cutting vs NC-Ballons

Mangieri et al. Cath Cardiovasc Interv 2023

COPS Trial, n=100

Scalamogna et al Clin Res Cardiology 2023

Metaanalysis, n=648

Cutting/Scoring vs NC-Ballons Super high-pressure vs Scoring Balloons

Rheude et al. EuroIntervention 2020

ISAR-CALC Trial, n=74
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RA vs Cutting/Scoring Balloons

P-valueRABalloon

0.000198 (98%)81 (81%)Strategy Success

0.991 (1%)0 (0%)Final TIMI flow < 3

0.490 (0%)2 (2%)Residual Stenosis 
>20%

0.361 (1%)4 (4%)Stent Failure

< 0.00010 (0%)16 (16%)Crossover

n=2

n=6n=6

n=2

not crossable by any
balloon

not crossable by
modified balloon

not adequately
dilatable

stent not deliverable

Rotational Atherectomy use for vessel preparation in severely calcific lesions before DES 
implantation showed statistically significant difference over modified Balloon strategy

Abdel-Wahab et al. Circulation: Cardio. Int. 2018 Sep 24.; 11:e007415

PREPARE-CALC Trial, n=200

Abdel-Wahab et al. Circulation: Cardio. Int. 2018 Sep 24.; 11:e007415

Primary end point for non-inferiority was met with no statistically 
significant difference for clinical outcomes at 9 months

PREPARE-CALC Trial, n=200

RA vs Cutting/Scoring Balloons

Rheude et al. JACC 2022;(18):1864-1874

Metanalysis, n=274

RA vs Cutting/Scoring vs OPN-Balloons

Allali et al., CRC 2022

PREPARE CALC Combo Trial, n=110, SES Stent

RA plus Cutting vs MB 

Primary endpoint was met for Rota and 
Cut in comparison to MB and RA alone

Co-Primary endpoint was not met for Rota 
and Cut in comparison to MB and RA alone
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Blachutzik, Nef et al., Cath Cardiovasc Interv. 2023

ROTA.shockTrial, n=61

RA vs IVL

Genereux et al, Am Heart J 2022

ECLIPSE Trial, n=2000 patients

Orbital Atherectomy vs NC Balloon

Nef et al. LUCCA 2024

Comparison of the different tools 

And the winner is…

? ?

ISAR CALC

Metaanalysis

PREPARE-CALC

? ECLIPSE Trial

ROTA.shock Trial

Metaanalysis

Algorithm for treatment of calcification

De Maria, G.L. et al. J Am Coll Cardiol Intv. 2019;12(15):1465-78
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Choose the right tool…

Except Florim,
you would never use a hammer
and a chisel in a stone quarry... 

Choose the right tool…

…and a pneumatic hammer for
precision work!

Thanks

holger.nef@segebergerkliniken.de
@holgernef

Das #heartteam des 
Segeberger Herz- und Gefäßzentrums 
über Siilo!
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