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Complications Due to Calcium

« Dissection during balloon angioplasty or
pre-dilatation’

° : H = = . 2
Pre- Difficulty with complete dilation

PCI

* Inhibition of adequate stent Failure to expand
expansion?

* Prevention of stent delivery
to the desired location®

« Stent underexpansion or
malapposition®

« Stentloss

Peri-
PCI

Incomplete Stent

stent apposition underexpansion

Insufficient drug penetration Malapposition Dissection
and subsequent restenosis® Underexpansion

Post-
PCI

1 Fitzgerald PJ, et al.. Circulation. 1992:86;64-70. Kahn J, et al. Cathet Cardiovasc Diagn. 1990;21:89-91. 2 Cavusoglu E, et al. Cathet Cardivasc Intervent. 2004;62:485-498. 3 Moussa |, et al.
Circulation. 1997;96(1):128-136. 4 Gilutz H, et al. Cathet Cardiovasc Intervent. 2000;50:212-214. 5 Mosseri M, et al. Cardiovasc Revasc Med. 2005;6:147-53. 6 Nakano M, et al. Eur Heart J. 2013
Jul 3. Case study results are not predictive of results in other cases. Results in other cases may vary.




The Big Question is :
How do you deal with the Calcium aka ‘The Rock’?




Tools to Manage the ‘ROCK’

NC Balloons Wolverine Cutting Balloon Angiosculpt

WOLVERINE

Cutting Balloon” Dilatation Device

Laser
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Lithotripsy for Cardiovascular Applications

Extracorporeal Lithotripsy Intravascular Lithotripsy (IVL)

30 years of safety data in kidney Miniaturized and arrayed lithotripsy emitters for localized lithotripsy at lesion location
stone treatment

Sonic Pressure Waves preferentially
impact hard tissue, disrupt calcium,
leave soft tissue undisturbed

Energy profile optimized for the treatment of vascular calcium
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How IVL Cracks Calcium In Situ

Expanding and collapsing
vapor bubble creates a short
burst of sonic pressure
waves.

Sonic pressure waves travel
through the vessel with an
effective pressure of ~50 atm.

A localized field effect within
the vessel fractures both
intimal and medial calcium.




OCT Showing Large Multi-plane
& Longitudinal Calcium Fractures

Pre—prooedure1 Post-IVL Post-stent*

Lumen Area: 9.51 mm?
Lumen Area: 1.69 mm? Lumen Area: 4.58 mm? Stent Area: 8.01 mm?2

@=2.27mm MIA 3LGTmms?
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Microfractures Occur Beyond Resolution of IVUS & OCT

Cadaveric Superficial Femoral Artery (Micro CT) Histologic & Micro CT after IVL Treatment (SFA)

Pre-IVL <

: it

Histology (A,B) Micro CT (C,D)

« Courtesy: Renu Virmani, MD, CV Path Institute



Coronary IVL DISRUPT CAD Clinical Program

Excellent Outcomes in Core Lab Adjudicated Studies

DISRUPT DISRUPT DISRUPT DISRUPT DISRUPT
CAD | CAD Il CAD Il CAD IV CAD POOLED >60
Status Circ Circ Intrv JACC Circ Journal JACC
- Peer-reviewed
| | | Individual Journal Publications
S; Single arm, Single arm, Single arm, patient-data
ingle arm,
. post-market, IDE, safety pre-market (IPD) pooled
Study design safety and f d d ; q vsis of th
feasibility safety an an safety an analysis of the
effectiveness = effectiveness  effectiveness  Disrupt CAD I- >1 200
. ]
IV studies
# of patients 60 120 384 64 628
# of sites 7 15 47 8 72 Published Patient
Regions AU, EU EU U.S., EU Japan U.S.,EU Outcomes

OCT Sub-study N=31 N=47 N=100 N=71 NA



https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.119.008434
https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.118.036531

Disrupt CAD lll: Study Design DISRUFT

I-r @ A

* Prospective, multicenter, single-arm global IDE

\ >
- Objective: Designed to assess safety and ﬂ %
effectiveness of the Shockwave Medical reiakes, M.D. onathan

Coronary Intravascular LithOtripSy (IVI—) SyStem Heavily calcifiedt, de novo coronary lesions

. . RVD 2.5-4.0 mm, stenosis 250%, lesion length <40mm
Performance Goal: Based on ORBIT Il One roll-in patient per site allowed

* Primary safety endpoint: 30d MACE rate 47 global sites
« Primary effectiveness endpoint: <50% residual and
no in-hospital MACE

) Roll-in Population ITT Population
« Enrolliment: 431 subjects, across 47 sites N =47 NEK:Y

 Sub-Studies: OCT, PPM/ICD and
Hemodynamics

* Follow-Up: Procedural, 30d, 6, 12 & 24mo

30-day Follow-up
N=381

1-year Follow-up

N=373

2-year Follow-up

OCT Sub-study
N= 100
(Shlofmitz TCT 2020)



https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603

DISRUST
CAD e Al

Primary Safety & Effectiveness Endpoints Met

30-day freedom from MACE 1-sided lower 95% CI P value Procedural success 1-sided lower 95% CI P value
92.2% (353/383) 89.9% <0.0007 92.4% (355/384) 90.2% <0.0001°

Safety Performance Goal Effectiveness Performance Goal
= 84.4% =83.4%

r—ill . |
89.9% 92.2% 90.2% 92.4%

84 86 88 84 86 88
Freedom from 30-day MACE (%) i Procedural Success (%)

Primary Safety Endpoint Met Primary Effectiveness Endpoint Met
One-sided lower 95% CI of 89.9% > pre-specified performance goal of 84.4% One-sided lower 95% CI of 90.2% > pre-specified performance goal of 83.4%

* *One-sided asymptotic Wald test for binomial proportion

« Hill J., Kereiakes D., et al. IVL for Severely Calcified Coronary Artery Disease. J Am Coll Cardiol. 2020 Dec, 76 (22) 2635—
2646. https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603



https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603

There Are Many Options to Modify Calcium ?

Blow It / Cut It
Laser It

NC balloons Cutting balloon Angiosculpt
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Who Do You Choose to Fight ‘The Rock’ ?




Various Forms of Coronary Calcium
on Intravascular Imaging

Deep calcium Superficial calcium Concentric calcium Eccentric calcium Calcified nodule

Thickness

A Jeremias et al. Circ Cardiovasc Interv. 2020;13:e008686



Calcium & Lesion Characteristics May Determine

Your Choice of Calcium Modifying Tools



Limitations of Conventional Tools in Calcium

Balloon-based Therapies

High pressure balloons preferentially expand
away from calcium, having limited effect on
eccentric calcium. !

High pressure inflations are predisposed to
major dissection and perforation - often at the
interface between calcium and healthy tissue.?

Balloons are typically unable to modify deep
or very thick calcium.!

Cross-sectional view

1 Madhavan MV, Tarigopula M, Mintz GS, Maehara A, Stone GW, Généreux P. Coronary artery calcification: pathogenesis and prognostic implications.
J Am Coll Cardiol 2014;63:1703.



ATHERECTOMY OPTIONS :
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Rotational Atherectomy Orbital Atherectomy
Fixed burr 360 degree vessel preparation

Images courtesy of Dr. Nikolaos Kakouros



Limitations of Conventional Tools in Calcium

Atherectomy Therapies

Ablation is contact dependent;
unable to modify calcium in
larger lumens and deep
calcium.1-2

Requires dedicated wire.

Thermal injury promotes platelet
activation leading to increased
risk of clotting.3

Unable to protect side branch
with a second guide wire.12

Distal embolization is
associated with slow flow / no
reflow and peri-procedural MI.12

Potential to transect wire and
for large dissection and/or
perforation, especially in
tortuous anatomy.1-2

1 Tomey et al, J Am Coll Cardiol Intv. 2014

2 Okamoto et al, Eurointervention. 2019.

3 Reisman et al. Analysis of heat generation during rotational atherectomy using different operational techniques.
Catheterization and Cardiovascular Diagnosis. 1998 Aug;44(4):453-5.



Opportunities for Coronary Intravascular Lithotripsy
Potential Advantages

Lithotripsy allows calcium
modification to be performed
at low balloon pressure
thereby avoiding the risk
associated with high
pressure inflations.?

No requirement for a
specialized wire.!

Shockwaves pass through the
plague/vessel wall enabling
modification of deep calcium.?!

Able to protect side branch

Disrupted calcium remains in with second wire.!

vessel wall thereby reducing
the risk of distal embolization.*

IVL is easy to learn compared
to other forms of calcium
modification.?

1 Hill J., Kereiakes D., et al. IVL for Severely Calcified Coronary Artery Disease. J Am Coll Cardiol. 2020 Dec, 76 (22) 2635—2646.
https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603



https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603

DISRUPT

CAU e FOOLED

Impact of IVL Treatment in 360° Coronary Calcification

Pre-IVL Post-I1VL Post-Stent

P ek

Cai[éium fracture ‘Calcium fracture

l

-

Lumen Area:; 3.22 mm? Lumen Area: 6.90 mm?2 Lumen Area: 9.76 mm?2
Stent Area; 8.73 mm?

Good luminal gain following IVL treatment (continuous calcium angle: 360°)

Moderated Poster, TCT 163: OCT Characterization of Eccentric Versus Concentric Calcium Treated With Shockwave IVL:

Patient-level Pooled Analysis of the Disrupt CAD OCT Sub-studies. Ziad A. Ali, TCT 2021




Clinical Impact of eccentric calcium treated with IVL
360° 271-359° 181-270° <180°

AI-8id

Lumen Area: 4.47mm?

A

1AI-1S0d

Lumen Area: 6.90 mm?2 Lumen Area: 3.83 mm?2 Lumen Area: 4.58mm? Lumen Area: 7.62mm?

B | B” A’

1U8)S-1S0d

|

Lumen Area: 9.76 mm? Lumen Area: 5.43 mm? Lumen Area: 7.32mm? Lumen Area: 8.97mm?

Stent Area: 8.73 mm? Stent Area: 4.86 mm? Stent Area: 6.42mm? Stent Area: 8.40mm?

Ali Z, et al. Pooled data from DISRUPT CAD I-IV OCT sub-studies Circ Cardiovasc Interv. 2023



Consistent Outcomes in Eccentric and DISRUPT
Concentric Calcium
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o
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(00}

Minimum stent area (mm?2)

0

N, lesions

<180°
56

MSA

P=0.94

181°-270° 271° - 359°
56 51

Continuous calcium arc (°)

360°
66

CAD e POOLED

Stent expansion at max calcium site (%)

Stent Expansion at Max Calcium Site

150%

100%

50%

0%

N, lesions

P=0.65

<1g0°  181°-270° 271°-359°  360°
56 56 51 66

Continuous calcium arc (°)

Ali Z, et al. Pooled data from DISRUPT CAD I-IV OCT sub-studies Circ Cardiovasc Interv. 2023



Does IVL work with Nodular Calcium ?

Fracture —




DISRUPT

CAD e POOLED

Patterns of Stent Expansion in Calcific Nodules

Concentric expansion Concentric expansion Eccentric expansion
Deformed Eruptive Nodule Deformed Nodular Calcification =~ Non-deformed Nodular Calcification
34% 43% 23%

Pre-IVL Post-Stent Pre-IVL Post-Stent Pre-IVL Post-Stent
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Ali Z, et al. Pooled data from DISRUPT CAD I-IV OCT sub-studies Circ Cardiovasc Interv. 2023



DISRUPT

Post-stent Outcomes : Calcified Nodule cas<rooLen

Consistent MSA and stent expansion in both CN and non-CN lesions

u CN lesion ®mNon-CN lesion
12 -
P=0.18 P=041 P=0.12 P=0.82

MLA MSA Mean stent area
N, lesions 54 194 54 194 54 194

150% -

100% -

%

50% A

0% -

N, lesions

u CN lesion ®Non-CN lesion

P =0.87 P=0.91

Stent expansion @MCS Mean stent expansion
54 194 54 194

Ali Z, et al. Pooled data from DISRUPT CAD I-1IV OCT sub-studies Circ Cardiovasc Interv. 2023



: - : : DISRUPT
Angiographic Complications CAD o Il

Minimal Safety Complications Post-IVL & Post-Stent

Immediately Post-

Core Lab Analysis Final
VL
Any serious angiographic complication 2.6% 0.5%
Severe dissection (Type D-F) 2.1% 0.3%
Perforation 0.0% 0.3%
Abrupt closure 0.0% 0.3%
Slow flow 0.6% 0.0%
No-reflow 0.0% 0.0%

Hill J., Kereiakes D., et al. IVL for Severely Calcified Coronary Artery Disease.
J Am Coll Cardiol. 2020 Dec, 76 (22) 2635-2646. https://www.jacc.org/doi/full/10.1016/].jacc.2020.09.603



https://www.jacc.org/doi/full/10.1016/j.jacc.2020.09.603

Low Atherectomy Use Even in Severely Calcified
Lesions: MACE Study

y
»Perhaps IVL may increase the
» utilization of Calcium Modifying
Therapies To Improve Procedural
Success and Safety in Calcific
Coronary Disease

Less Than 35% of Severely Calcified Lesions Were Treated With Atherectomy

S. Sharma, CRT 2017



Trends in use of type of atherectomy and IVL among
patients undergoing PCI.

8.00%
US National Cardiovascular Data Registry CathPCl Registry
7.00%
6.78%
6.00% IVL approved for 6.07%
commercial use 5.42%
5.00%
4.48%
4.00%
3.00%
2.00%
1.00%
0.00%
9 % ™ N 9 % ™ N 9 % ™ N 9 % ™ N a9 % \x
& '&o \3,0 \,o)o \90 \90 \90 »Qo '190 q90 f@o m\9 '»“'0 ,L\,o '9’0 ’L,»o Kl '\,"'0 'i”o
» ° » » > D » A » D w» » » A A » ° A »
RA OA UA IVL ====|VL + RA ====|VL + QA ====|VL +UA

N.M. Butala et al. / Journal of the Society for Cardiovascular Angiography & Interventions 3 (2023) 101254



2023 SCAI Expert Consensus Statement on the Management of

*Criteria for Ca Modification:

* 360° arc of calcium
*  >270° arc of calcium and >5 mm length of calcium

Additional characteristics of calcified lesions that may

require calcium modification:

* Calcified nodule

* Lesion EEL <3.5 mm or Negative remodeling (Lesion
EEL diameter <distal EEL diameter)

*  Minimum thickness of calcium >0.5 mm (OCT)

Atherectomy | <

Unable to Deliver

Calcified Coronary Lesions

Angiographic Evidence of Calcified Coronary Lesion

Intravascular Imaging to Evaluate
Criteria for Calcium Modification”

Considerations

“Long, diffuse calcium with or without nodular calcium
P Concentric, eccentric, or nodular calcium

% Focal calcium

v

Intravascular Imaging Not Feasible
or Imaging Criteria Not Met

v

v

Intravascular Imaging to Evaluate
Criteria for Further Calcium Management
or

1:1 sized NC/Specialty Balloon

1:1 sized NC/Specialty Balloon

A 4

Calcium fractures on intravascular imaging
and/or

Full Expansion of a 1:1 Balloon in 2 Views

v

Intravascular Imaging
Criteria Met

\ 4

Atherectomy®*

Intravascular Lithotri

Specialty Balloons*

A

Proceed with PCI

R.F. Riley et al. / Journal of the Society for Cardiovascular Angiography & Interventions 3 (2023) 101259

https://doi.org/10.1016/j.jscai.2023.101259




EAPCI Clinical Consensus 2023

Algorithm with intravascular imaging guidance

{ Moderate or severe calcification detected on angiography or CCTA

y

Imaging cathether crossing l

. = ed“ltahon | | Crossability of small balloon |
I Y

es /
Intracoronary imaging assessment* i

OCT calcium score >3 IVUS calcium score > 2 Rotawire I Crossing with Microcatheter l

Calcium Arch > 180° (2 points) Circumferential Calcium 360°
Calcium Length > 5 mm Calcium> 270° with length of >5mm
Calcium Thickness > 0.5 mm Vessel diameter < 3.5mm

Calcified nodule G“D n

Non-Compliant Balloon
Cutting/Scoring Balloon

High pressure Balloon

v v

Management strategies for heavily calcified coronary stenoses: an EAPCI clinical consensus statement in collaboration with the EURO4C-PCR group .
European Heart Journal (2023) 44, 4340-4356 https://doi.org/10.1093/eurheartj/ehad342



Take Home Messages

Calcium poses PCI technical challenges and impacts acute procedural success,
safety and longer term outcomes

Intravascular imaging is extremely important in defining the calcific pathology; aids
selection of devices and to optimize outcomes

Intravascular Lithotripsy (IVL) is an effective tool to modify coronary calcium

Shown to be effective across the whole spectrum of coronary calcium severity and
morphologies (regardless of depth, arc, thickness, length). Efficacy extends to
calcified nodules and eccentric calcium

IVL Technology is effective, safe , provides a predictable outcome and easy to learn



Thank You Very Much !

AAFRLCL !
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