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The Problem With Calcium 

3 SPL-62111 Rev E – Int’l Coronary IVL Overview.  Shockwave Medical, Inc. 2019. Not for use in U.S.  

Challenges Persist Peri- and Post-Procedure

• Impedes Stent Deliverability 
• Inhibits Uniform Stent Expansion
• Worsens Long Term Outcomes

The More Severe The Calcium, The Worse These 
Challenges Will Be 



Calcium Worsens Long-Term 
Outcomes 

4 SPL-62111 Rev E – Int’l Coronary IVL Overview.  Shockwave Medical, Inc. 2019. Not for use in U.S.  

*Severe Calcium: radiopacities noted without cardiac motion before contrast, generally compromising both sides of arterial lumen
Bourantas, et al. Prognostic implications of coronary calcification in patients with obstructive coronary artery disease treated by percutaneous coronary 
intervention: a patient-level pooled analysis of 7 contemporary stent trials. BMJ 2014; 100: 1158-1164.

• Meta-analysis reviewed the impact of severely calcified* lesions on patient outcomes across 7 contemporary PCI 
studies – found that it was an independent predictor of worse outcomes 

• Patients with severe lesion calcification with 3-year follow-up showed:
• Lower rates of complete revascularization
• Increased mortality 

With Severe 
CAC

(N=1291)

Without Severe 
CAC

(N = 5005)
P Value

Mortality 10.8% 4.4% P <0.001

Combined Endpoint:  
MI & Death
MI, Death & 
Revascularization

22.9%
31.8%

10.9%
22.4%

P <0.001
P <0.001



Shockwave Coronary IVL 
System Components 

5 SPL-62111 Rev E – Int’l Coronary IVL Overview.  Shockwave Medical, Inc. 2019. Not for use in U.S.  

Integrated 12mm SC balloon facilitates energy transfer; 
IVL=4 atm; Nominal=6atm; RBP=10 atm

2 emitters that pulse once per second  (80 
pulses/catheter)

Distal and proximal marker bands 
COMPACT & RECHARGABLE 
Portable, IV-pole Mountable 
Battery-Powered
No External Connections

SIMPLE & QUICK
Smart Magnetic 
Connection
Push-Button Activated

INTUITIVE & SAFE
RX System
Any .014” Guidewire
Standard PCI Technique
80 Lithotripsy Pulses

Generator 

Connector

Catheter















DISRUPT CAD I Results 
Published in Circulation

1
2

SPL-62111 Rev E – Int’l Coronary IVL Overview.  Shockwave Medical, Inc. 2019. Not for use in U.S.  

Low Complications and Strong Initial Performance 
& Safety  

• †Core Lab adjudicated    ‡CEC adjudicated    **NQMI defined as 3x upper limit CK-MB             Brinton 
et al. Circulation. 2019;139:834–836. DOI: 10.1161/CIRCULATIONAHA.118.036531

Complications Procedural Final 

Type D Dissections 3.3%* 0%

Type E Dissections 0% 0%

Type F Dissections 0% 0%

Perforation 0% 0%

Abrupt Closure 0% 0%

Slow flow 0% 0%

No reflow 0% 0% Performance    Results

Clinical Success‡†

Residual stenosis <50% post-PCI with 
no evidence of in-hospital MACE

95%

Device Success
Successful device delivery and IVL 
treatment at target lesion 

98.3%

Stent Delivery 100%

Safety Results Events 

30 day MACE‡

Cardiac death, MI or 
TVR

5%
Death  N = 0
QWMI   N = 0
*NQWMI  N = 3
TVR N = 0

6 month MACE‡

Cardiac death, MI or 
TVR

8.5%
Death  N = 2¥

QWMI  N = 0
**NQWMI  N = 3
TVR  N = 0

*2 grade D dissections post-IVL resolved at the final angiography and 
did not result in adverse events

¥ Adjudicated by CEC as ‘not related to device’
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•Aspirin plus a thienopyridine needed after stenting  STAR, 
CREDO.

•Aspirin plus clopidogrel is superior to aspirin for ACS/STEMI: 
COMMIT, CLARITY

• Ticagrelor is superior to clopidogrel for ACS: PLATO

ANTIPLATELETS
What are the known knowns - PCI
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2019 2020 2021 2022 2023 >2023

1Mo
DAPT

3Mo
DAPT

4Mo

≥6Mo

EVOLVE Short DAPT
Synergy

STOPDAPT-2
Xience

TWILIGHT
All DES

SMART CHOICE
(Xience, BSX DES, Orsiro)

YONSEI DAPT
Biomatrix, BioFreedom

MODEL U-SES
Ultimaster

HOST IDEA
Orsiro,  Coroflex ISAR

POEM
Synergy

Xience 90
Xience

XIENCE 28 Global
Xience

COBRA-REDUCE
Cobra PzF, EES, RZES

MASTER DAPT
Ultimaster

TARGET SAFE
Firehawk

DUAL-ACS2
All DES

TARGET DAPT
Firehawk

TICO
Orsiro

TAILORED-CHIP
Any DES

GANGNAM
Synergy

HOST-EXAM
All DES

IDEAL LM
Synergy, Xience

ONYX ONE CLEAR
Resolute Onyx

ONYX ONE
Resolute Onyx

SYNIVUS
Synergy

STOPDAPT-2 
ACS Xience

XIENCE 28 USA
Xience

N=100-900

N>5000

N=2500-5000

N=1000-2500

Study presented

Short DAPT Trials
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Complex PCI with 1-month DAPT 
in High Bleeding Risk Patients: 

Analysis from the Onyx ONE 
Clear Study

David Kandzari, Ajay J. Kirtane, Roxana Mehran, Matthew J. Price, Daniel I. 
Simon, Azeem Latib, Elvin Kedhi, Alexandre Abizaid, Stephen Worthley, Azfar
Zaman, Lilian Lee, Te-Hsin Lung, Stephan Windecker, and Gregg W. Stone 

on behalf of the Onyx ONE Program Investigators
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Clinical Follow-up 

2mo 2yr1yr1mo 6mo

Primary endpoint: Cardiac death/MI assessed in “1-month clear”* patients from 1-12 Mo

Methods current analysis: Compared outcomes between patients with high vs low complexity 
using propensity score adjustment to adjust for baseline differences**

High Bleeding Risk patients undergoing PCI
(no lesion, vessel limitations)

Onyx ONE Clear Study Design
Prospective, Multicenter, Single-arm Study

* “1-month clear” defined as patients who were adherent to DAPT within 1st month after PCI and free of events that would preclude 1-month DAPT cessation
** Propensity score adjustment performed for differences in baseline characteristics, based on sex, previous MI, previous CABG, hyperlipidemia, cardiac admissions 
≤30 days, diabetes, LVEF≤35%, lesion length, baseline RVD, multivessel CAD, and worst CCS Angina Class as the confounding variables

NCT03647475

Onyx ONE RCT
Resolute Onyx™ ZES arm,  

with 1 Month DAPT 
(N=1019)

Onyx ONE US & Japan
Single arm study of Resolute 
Onyx ZES with 1 Month DAPT 

(N=752)
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1.0

1.7

2.1

3.3

2.5

2.5

4.1

7.1

7.5

11.9

13.1

41.1

60.3

0.7

1.7

0.7

2.7

3.5

2.7

4.7

5.5

7.2

14.0

18.0

40.6

55.6

Severe liver disease

Thrombocytopenia

Prior ICH

Long-term NSAID or steroids

Hospital for bleeding

Stroke < 1yr

Expected DAPT non-compliance

Planned surgery

Active or recent cancer

Renal failure

Anemia or transfusion

OAC

Elderly (age ≥75 yr)

HBR Inclusion Criteria

Patients meeting criteria (%)

Complex PCI (N=401)

Non-Complex PCI (N=1105)

Mean 1.6
criteria / pt

*

* P-value < 0.05
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Clinical Outcomes 
Between 1 – 12 Months

Ev
en

t R
at

es
 1

-1
2 

M
on

th
s (

%
)

Non-complex PCI (n=1095)

Complex PCI (n=396)

9.3

10.4

2.8

7.1

1.5
0.8

4.5
5.1

4.5

6.1

7.3

2.6

4.0

1.5

0.6

2.9

4.0 3.8

Cardiac
death/MI

TLF Cardiac death MI Stroke ST cd-TLR cd-TVR BARC 3-5

P=0.04
P=0.46

P=0.85
P=0.92

P=0.02
P=0.57

P=1.00
P=0.71

P=0.73
P=0.44

P=0.14
P=0.67

P=0.39
P=0.52

P=0.55
P=0.76

P=0.07
P=0.99

*Propensity score adjusted P-values for differences in baseline characteristics, based on sex, previous MI, previous 
CABG, hyperlipidemia, cardiac admissions ≤30 days, diabetes, LVEF≤35%, lesion length, baseline RVD, multivessel CAD, 
and worst CCS Angina Class as the confounding variables

Unadjusted
Adjusted*
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Complex PCI Definition

PCI with ≥1 of the following characteristics:
¡ 3 vessels treated 
¡ ≥3 lesions treated
¡ Total stent length >60 mm
¡ Bifurcation with ≥2 stents implanted
¡ Use of any atherectomy device  
¡ Left main 
¡ Surgical bypass graft
¡ Chronic total occlusion

(TWILIGHT) Dangas G, et al. J Am Coll Cardiol 2020
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Figure 4 Algorithm for dual antiplatelet therapy (DAPT) in patients 
treated with percutaneous coronary intervention. ...
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Figure 6 Algorithm for dual antiplatelet therapy (DAPT) in patients 
with acute coronary syndrome undergoing medical ...
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Timing for elective non-cardiac surgery in patients treated with dual 
antiplatelet therapy (DAPT) after PCI
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Atrial Fibrillation (ACTIVE W)1: The 
combination of aspirin and clopidogrel is not as 
effective as warfarin in patients with AF1

However

Stenting (STARS)2: The combination of 
aspirin and a thienopyridine is more effective 
than warfarin in patients with coronary stents 2

1. Lancet 2006 Jun 10;367(9526):1903-12. 2. N Eng J Med 1998 Dec 3;339(23):1665-71.

The Optimal Management of Atrial 
Fibrillation and Coronary Disease Differ
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Schomig A et al , Heart. 2009 Aug;95(15):1280-5

Bleeding Risk vs Stent Thrombosis Risk
Triple Therapy

??
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1 month

3 months

6 months

12 months

*Periprocedural administration of aspirin and clopidogrel during PCI is recommended irrespective of the treatment strategy; †High ischaemic risk 
is considered as an acute clinical presentation or anatomical/procedural features, which might increase the risk for myocardial infarction; 
‡Bleeding risk can be estimated by HAS-BLED or ABC score.
PCI, percutaneous coronary intervention; ASA, aspirin; OAC, oral anticoagulant.

1. Adapted from Valgimigli M et al. Eur Heart J 2018

2017 ESC focused update on dual antiplatelet 
therapy in coronary artery disease

Patients with an indication for oral anticoagulation undergoing PCI*
Concerns about ischaemic 

risk† prevailing Concerns about bleeding risk‡ prevailing

Beyond 12 
months

O

C OA
1 month triple therapy

Class IIa B

C O
Dual therapy up to 12 months

Class IIa A

C OA
1 month triple therapy

Class IIa B

C OA C O
Dual therapy up to 12 months

Class IIa A

OAOR

OAC alone
Class IIa B

C O OA
Dual therapy up to 12 months

Class IIa A

Triple therapy up to 6 months

Class IIa B

Time from 
treatment 
initiation

C
O

A ASA

Clopidogrel

Oral anticoagulant



Aortic Stenosis – A Common Disease
Prevalence of Valve Disease by Age 
Group

In adults ≥ 75 years of 
age, aortic stenosis is 
present in as many as 
4.6% of population

Nkomo et al. Burden of valvular heart diseaase: a 
population based study. Lancet 2006; 368: 1005-
11.



Symptomatic Patients with Severe AS 
Require Urgent Attention

Valvular Aortic Stenosis in 
Adults “Surgical intervention should 

be performed promptly once 
even… minor symptoms 
occur”1

1C.M. Otto. Valve Disease: Timing of Aortic Valve Surgery. Heart 2000.



Transcatheter Aortic Valve 
Implantation (TAVI/TAVR) 

Now the standard of care for all aortic 
stenosis patients? 



...it is maximally invasive surgery





Low Surgical Risk TAVI Trials



LOW RISK PARTNER 3 TRIAL



FUNCTIONAL STATUS & QUALITY OF LIFE AT 
30DAYS & 1 YEAR



Thank You
for your attention

2.5m


