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State of the art lecture —
How to address highly

calcified lesions
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Vascular calcification K

Medial calcification
* Not associated with atherosclerosis:

* More common in aorta and peripheral arteries
* Notassociated with luminal encroachment

Intimal calcification

+ Associated with atherosclerosis and plaque
vulnerability:

+ Forms in association with vascular smooth muscle cells

(VSMCs), macrophages, and the necrotic lipid core . ) .
* Associated with loss of "damping” function and rise

+ More common in coronary arteries, aorta and S PUe presaie AN e ke

peripheral arteries.
* Associated with luminal encroachment
and downstream (direct) ischemia

Intimal cakification

Vascular calcification

Intimal caicification causoed by
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Vascular calcification
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VSMC - Osteablast-like cell Macrophage Foam Cell - Ostecciast-fike cell
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SEGEBERGER

K REEN Morphology of coronary calcification

Morphology of coronary calcification KERTCEN

ERUPTIVENODULAR SMOOTH CAP NODULAR

CONCENTRIC ECCENTRIC NODULAR

small dense fragments or nodules of calcium small dense fragments or nodules of
with fibrous cap disruption and luminal calcium with smooth intact fibrous cap.
thrombus
5 6
Morphology of coronary calcification i Epidemiology of coronary calcification e

SUPERFICIAL CALCIUM

(Fibrocalcific Plaque) DEEP CALCIUM

Pooled 30%

9% of Patients
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Distribution of coronary calcification

Arc of Target Lesion Calcium  Length of Target Lesion Calcium

— Al lesions
" Lesions calcified by anglography

Mintz et al Circulation 1995]
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Effect of calcium on vessel compliance

KLINIKEN
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Calcific plaque is at least 4-5 times
fess compliant than ceffular plaque

40

“p<0.0§

Compliance {mm fmmHg x 10%)

Fibrotic Calcified

Type of plaque

Alfonso F et al, J Am Coll Cardiol. 1994|

Goals of PCl: The clinical need!

Efficiency Optimal mechanical result

Avoidance of major complications

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

Impact of calcium on PCl outcomes
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100

R=0.8. p=0.0001
 The greater the arc of calcium and & “
the less vessel compliance exists, ]
the greater the likelihood of stent é L
underexpansion §
£ 70
g
< Stent underexpansion is associated g .
with MACE after PCI a ®
50
50 100 B0 200 20 300

Arc of calcium {degrees)

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 PCl outcomes KN
T

Mortality in patients after PCl in calcifed lesions

A couse menaity + i Alcause mortaity o M1 + any revas cutarination

Alcause mortainy

Bourantas CV et al. Heart. 2014
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Logrank =007

Incidence of target vesse faiiure {

Impact of calcium on PCl outcomes

1,423 Patients with Stablo Angina 342 with Severe Calcification (24%)

va. 8%, P=0.00
driven by events in the first 48 hours

ST was 18% va. 0.4%, P=0.02

(]
Number at risk
Severs 342 323 315 308
Mot severs 1081 1048 1031 1016

%0
Follow-up (days)
288 21 287 283
496 @80 o7z as7

Guedeney, P. et al. J Am Coll Cardiol Intv. 2020;12(12):1417-28
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Impact of calcium on PCl outcomes

Presence of calcified nodules in calcified lesions

CHincaily detven TLR

Morofuiji T, et al. Catheter Cardiovasc Interv. 2021 Jan 1;97(1):10-19.
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Anaylsis of calcified lesions

W oN B

. Calcium thickness

. Arcof calcium

. Differentiation between excentric vs concentric calcium
. Length of calcium

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

Nef et al. OCT Compendium 2018

17

29.02.2024

#2 Arc of calcium

Nef et al. OCT Compendium 2018
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#4 Eccentric or concentric calcification

SEGERER
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Ferz- und G

Nef et al. OCT C

2018]

#5 Length of calcium

SEGERER
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Nef et al. OCT C: 2018
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Case example

Case example
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Tools of treatment

Balloon angioplasty
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How to treat a calcified lesions first?

Cutting-Balloon

‘Wolverine Cutting Balloon
(Boston Scientific)
* Non-compliantBalloon

24
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Super high pressure balloon Rotational Atherectomy
OPN NC
Offers econamical and technical agvantages te
3 great number of your daily interventional chall o oy Reconmended  Minimum 10
TWIN-Wall Balloon design Folding Technology 15 18 mn mm cm (French)** {em)
balloon technology + Trifold in all balloan diameters
Tor eietDos 1vs o 12smm k 200m 125 o013 60 015t
\! \ | 15 015 60 016
i 200 020 80 021
D S 225 om 90 024
ASTERS s oon s
Markers Low Lesion Entry Profite COMPLEX 250 o025 100 025
- Dual P + Lasion entry profil t
all balloo comparable to catheters
ion entry profile’ measured at the centre of the tip
Intravascular Lithotripsy Orbital Atherectomy ket
LINIKE
[Hecz- und Getaszentum)
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Cutting vs NC-Balloons

KINIKEN

COPS Trial, n=100

overall  cB NeB
e e ne8]  nedd  nedd  p
I:“‘“""":l“ Final MSA {mm?) 6819 71:17 65:21 0116

Minimal Stent Diameter 2604 2704 25:04 0064
32£04 31:04 0189

77421 812

Maximal Stent Diameter ~ 3.2£0.4

Final MSA at calcium site 73521 0035

Minimal stent diameter  2840.5 2907 27404 0016
at calcium site
Maximal stent diameter 34404 3505 33:04 0132

at calcium site

Eccentricity index at 082408 084:07 0B:08 0013
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Cutting vs NC-Ballons

COPSTrial, n=100

IVUS evaation

KLINIKEN

Calcium distribution 0482
-E Mixed calcium 34 (40) 15(348) 19 (45.2)
g Deep calcium 25(294) 15(34.8) 10(238)
=ﬂ Superficial calelum 26 (30.5) 13(302) 13 (30.9)
® Arch of calcium 266284 274284 258285 0373
i (degrees)
z Calcium 12666 119273 12556 0467

length (mem)

Calckum she. NCballoon Cutting balloon NCballoon  Cutting balloon
Mangieri et al. Cath Cardiovasc Interv 2023 W
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Cutting/Scoring vs NC-Ballons Pty Super high-pressure vs Scoring Balloons KPR

. I X [Hecz- und Getaszentum)

Metaanalysis, n=648 ISAR-CALCTrial, n=74
ey seas 'm&%ﬁ?‘ﬂ?ﬁf“ﬂ&%ﬁ“

T | &

Cutingtulionn. || Scoriog baloom
Major adverse cardiac events. 0,70 [0.35 1.39] !

Repeat revascuiarization 082 [029:2.38 /

Myocardial infarction 135 [017:5339]

Death 102 [n.;m,.q] b i \
Coronary pertoration 149 [o19;i0.6¢] Contot ey

0o 010512 10 w0
Major adverse candiac events

oo [aa;aze] o (85 191]
Pysto o nevecions s0r

Standardiad maan difference
IsSContideonce Itervals]

Final minimal stent area _t 067 [075:2.06]

w 5 o 5 9w

Modified ballaon Control
bettar batter

Finstemiiensl st area
ogsfosro9n]  enfosson]

£ ol ot eraction < 001

t al Clin Res Cardiology 2023
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| 74 PCI patients enrolled after unsuccessTul lesion
preparation with standard non-compliant baloon

1l
Randomisation

Super igh-pressure ballaon ‘Scoring balion
n=31 =37

Biodegradable palymer EES implantation

10 kst
o3

=37

5 7] pem B peam
Sz LFN
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Scormg. Super  Scaeg.
o e 2
o —

Stent expansion
index

Rheude et al. Eurolntervention 2020
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RA vs Cutting/Scoring Balloons

PREPARE-CALC Trial, n=200
Balloon P-value

0.0001

0 (0%) 1%)

Final TIMI flow < 3

Residual Stenosis
>20%

0 (0%)

Stent Failure
Mot crossable by any
balloon

ot crossable by
modified balloon

mnot adequately
dilatable

Dstent not deliverable
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RA vs Cutting/Scoring Balloons

PREPARE-CALCTrial, n=200
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i. Modited Baboon 0162033

3 Rotational atherectomy 0.1210.40

25011 90,02 for somnkeiorty

:9' s

Inatent late ke loss a3 mnths fmem)
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Primary end point for non-inferiority was met with no statistically
significant difference for clinical outcomes at g months

Rotational Atherectomy use for vessel preparation in severely calcific lesions before DES
implantation showed statistically significant difference over modified Balloon strategy
bdel-Wahab et . Circulation: Cardio Int, 2018 232007425 bdel-Wahab et ol Circulation: Cardio Int, 2018 i11:e0072¢
RA plus Cutting vs MB ket
LINIKE
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RA vs Cutting/Scoring vs OPN-Balloons
Metanalysis, n=274 PREPARE CALC Combo Trial, n=110, SES Stent
i WA Sevr sty ClibcCoromary Aty e Aninale 10 By it St imptastion
and Enrothd (0 10w Randonsized PREPASE -CALC ani ISAR-CALC Trialy.
™
A - | - e, 152:0.45mm | T
i ;
i i
§ £
5 i
O ¢ 3
tatioral Modkeabaion, | [ Super tighpressore = -
nrciowrn - 61 o3 oo, e 34
st ceomes i tncing: oo
v B H B} H 5 = = 5 =
Stent expansan, % 2N TOELTI6 nes2 o sigrficant diference.
e sent et kon g o) PR
Mol st ccentrchy 0301006 0702008 oMiaos  Sewsvemsaws
Sutegy weces % 100 554 a2 Rotorl tharctomy Primary endpoint was met for Rota and Co-Primary endpoint was not met for Rota
Cut in comparison to MB and RA alone and Cut in comparison to MB and RA alone
Rheyde et al. JACC Allalietal, CRC 2022
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SEGERERGER i SEGERERGER
RAvs IVL Kty Orbital Atherectomy vs NC Balloon KRN
ROTA.shockTrial, n=61 ECLIPSE Trial, n=2000 patients
i A VR - —
eipe) Simeits st gusins . : Randomized evaluation of vessel preparation ™
e I with orbital atherectomy prior to drug-eluting
P . E- stent implantation in severely calcified
" . k. i: coronary artery lesions: Design and rationale
H of the ECLIPSE trial
i i i Phlnpe Généreus, D', Ay . i, MDSW, Davd 1. Kaodar, D', Ebeln . Armstrong, U0,
8 Avian == i T Ak MDD, b Mo DS Wl W, SNl M a0 ot Sne M2
i . = Maretort. et Yook, N At 4 v €08 D M- Goibenbiry, Beedont it Do €A S
T T Pl MN; Raslyn, NY; Detroit, M1
" [
Blachutzik, Nefetal, Cath Cardiovascinterv. 2023 Genereux et al, Am Heart J 2022}
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And the winner is... K Algorithm for treatment of calcification KPR
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Comparison of the different tools

Metaanalysis
@ = oot

ISAR CALC ‘

l PREPARE CALC

Metaanalys\s
o ECLIPSE Trial
Nefetal. LUCCA 2024
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De Maria, G.L. et al. J Am Coll Cardiol Intv. 2019:12(15):1465-7:
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Choose the right tool... Kims{g@ Choose the right tool... Kim“@
[Herz- una Getaszentrun] Jriez- cna Getazentrn)

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

...and a pneumatic hammer for
precision work!

41 42

Das #heartteam des Th k
Segeberger Herz- und GefaRzentrums [ anks

Uber Siilo!

\ Q holger.nef@segebergerkliniken.de
X @holgernef
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