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Technical Note

Introduction

Peripheral artery disease (PAD) represents a major health 
problem worldwide; PAD affects a fifth of people over the 
age of 60 years in the United Kingdom and Europe. It is the 
commonest cause of lower limb amputations.

Most patients with chronic limb-threatening ischemia 
(CLTI) and some patients with severe claudication will 
require lower limb revascularization, one of the commonest 
vascular procedures in contemporary vascular practice, typ-
ically in the form of endovascular reconstruction. Arterial 
wall calcification represents a major challenge for endovas-
cular arterial revascularization, often resulting in unsuc-
cessful recanalization, dissection, or early restenosis. 

Shockwave intravascular lithotripsy (IVL) has emerged, as 
a vessel/lesion preparation strategy, to help overcome these 
issues.1–4
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Shockwave Intravascular Lithotripsy 
Use in the Femoro-Popliteal Segment: 
Considerations From an Expert  
Pan-European Panel Regarding  
Best-Care Practice

Athanasios Saratzis, PhD1 , Sarah Jane Messeder, MD1 ,  
and Narayanan Thulasidasan, MD2 , on behalf of Shockwave IVL Collaborators*

Abstract
Purpose: Produce expert recommendations regarding the optimal use of Shockwave intravascular lithotripsy (IVL) when 
treating femoro-popliteal steno-occlusive peripheral artery disease (PAD), guiding operators to use Shockwave IVL.
Materials and Methods: A modified 3-step Delphi process was used to gain consensus surrounding preoperative/
intraoperative/postoperative considerations when using Shockwave IVL for femoro-popliteal PAD. This included a 
structured survey, focus-group (with qualitative thematic analysis of views expressed), and final confirmatory round; 
participants were recruited across Europe including the United Kingdom/Switzerland.
Results: Following a review to inform an online survey, 25 experts took part in a survey (5 European countries, 2023), 
followed by a focus-group (15 participants), 9 interviews, and final confirmatory round. A list of recommendations 
was prepared where at least moderate-level or high-level agreement was reached (≥70% participants agreeing). The 
recommendations relate to the optimal preoperative imaging, preoperative preparation(s), intraoperative imaging and use 
of adjuncts, as well as postoperative course, when using Shockwave IVL.
Conclusion: A list of expert recommendations is provided guiding the optimal use of Shockwave IVL in femoro-popliteal 
PAD. This will help operators achieve better clinical outcomes.

Clinical Impact 
This pan-European panel of experts using intravascular lithotripsy in routine peripheral arterial disease endovascular 
practice has provided important insights into best care practices before, during, and after such procedures. Several 
recommendations have been produced based on a structured consensus process to guide clinicians globally. This will 
improve and standardise the use of this technology in the femoro-popliteal arterial segment.
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Abstract: Calcified and resistant narrowing of arteries poses significant difficulty in performing
percutaneous coronary interventions (PCIs), as they increase the risk of subpar outcomes leading
to worse clinical outcomes. Despite the existence of dedicated technologies and devices, including
various balloons and atherectomy systems, they often do not ensure sufficient plaque modification and
ideal vessel preparation for optimal stent deployment. Intravascular lithotripsy (IVL), a technology
originally developed for urological procedures, has recently been used to safely and selectively disrupt
calcified depositions in both peripheral and coronary arteries by sonic waves that seamlessly transfer
to nearby tissue, enhancing vessel compliance with minimal impact on soft tissues. In the coronary
arteries, the use of IVL plays a role in the process of “vessel preparation” before the placement of stents,
which is crucial for restoring blood flow in patients with severe coronary artery disease (CAD), and is
considered a minimally invasive technique, reducing the need for open heart surgeries and associated
risks and complications. Studies have shown that IVL can lead to improved procedural success rates
and favorable long-term outcomes for patients with severely calcified coronary artery disease. With
the advent of IVL, the disruption of severe calcification of coronary artery and stenotic lesions before
stent implantations can be performed. Despite promising data for treating calcified lesions, IVL is
significantly underutilized in clinical practice, long-term clinical data and extensive research are
needed to validate its further safety and efficacy. In this article, we reviewed the literature discussing
the use of IVL in the coronary arteries as an approach for addressing intravascular atherosclerotic
plaques, particularly focusing on heavily calcified plaques that are resistant to standard initial PCI,
while also evaluating its safety in comparison to alternative methods.

Keywords: intravascular lithotripsy; calcification; coronary artery calcification; coronary artery
disease; atherectomy; percutaneous coronary intervention

1. Introduction

Vascular calcification refers to the accumulation of calcium primarily in the extra-
cellular space within the inner layers of arteries known as the intima and media; less
frequently, deposition may also occur in the intracellular space, though its significance
remains unclear [1,2]. Studies indicate a significant correlation between coronary artery
calcification and the subsequent development of atherosclerosis. A valuable method for
evaluating this is through the coronary artery calcium score and the Framingham Risk
Score (FRS), which utilizes a range of diverse risk factors and comorbidities to forecast the
likelihood of nonfatal myocardial infarction (MI) or mortality linked with CAD [3,4]. It
is crucial to intervene in severely diseased coronary arteries to prevent adverse cardiac
outcomes. Severely calcified arteries present challenges for intervention, often requiring
preparation before PCI. IVL offers a novel approach to preparing these arteries, making
them more amenable to PCI [5]. Other modalities for vessel preparation that are being
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As we’re halfway through football season 
in the U.S., let’s huddle up — it's time to 
revisit a few di�erence-making moments 
from Q3 that are helping physicians score 
big gains for their patients. Shockwave 
E8 went above and beyond with a 
successful U.S. launch that is already 
extending physicians’ ability to crack 
complex peripheral calcium above and 
below the knee. Meanwhile, Shockwave 
L6 sprinted into the cath labs nationwide 
with game-changing updates that enable 

2x faster pulsing to crack iliac calcium 
more e�ciently.

Finally, the ROLLERCOASTR-EPIC22 trial 
results were another impressive showing 
of the safety of IVL with low rates of 
severe procedural complications (includes 
death, perforation, flow-limiting dissection, 
abrupt vessel closure, ST) — a real-world 
RCT finding that physicians should find 
confidence in.1 Read the latest PulsePoint 
newsletter to learn more about these and 
other wave-making Q3 moments.

1. Jurado-Román et al. REC Interv Cardiol. 2023;5(4):279-286; Jurado, The RollerCoaster-EPIC22 trial, presented at EuroPCR 2024
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IVL Important Safety Information

Reducer Important Safety Information

CORONARY ISI:
Shockwave C2 and Shockwave C2+ Safety Information
In the United States: Rx only
Indications for Use— The Shockwave Intravascular Lithotripsy (IVL) System with the Shockwave C2 and C2+ Coronary IVL Catheter is indicated for 
lithotripsy-enabled, low-pressure balloon dilatation of severely calcified, stenotic de novo coronary arteries prior to stenting.
Contraindications— The Shockwave C2 and C2+ Coronary IVL System is contraindicated for the following: This device is not intended for stent delivery. This 
device is not intended for use in carotid or cerebrovascular arteries.
Warnings—Use the IVL Generator in accordance with recommended settings as stated in the Operator’s Manual. The risk of a dissection or perforation is 
increased in severely calcified lesions undergoing percutaneous treatment, including IVL. Appropriate provisional interventions should be readily available. 
Balloon loss of pressure was associated with a numerical increase in dissection which was not statistically significant and was not associated with MACE. Analysis 
indicates calcium length is a predictor of dissection and balloon loss of pressure. IVL generates mechanical pulses which may cause atrial or ventricular capture in 
bradycardic patients. In patients with implantable pacemakers and defibrillators, the asynchronous capture may interact with the sensing capabilities. Monitoring 
of the electrocardiographic rhythm and continuous arterial pressure during IVL treatment is required. In the event of clinically significant hemodynamic e�ects, 
temporarily cease delivery of IVL therapy.
Precautions— Only to be used by physicians trained in angiography and intravascular coronary procedures. Use only the recommended balloon inflation 
medium. Hydrophilic coating to be wet only with normal saline or water and care must be taken with sharp objects to avoid damage to the hydrophilic coating. 
Appropriate anticoagulant therapy should be administered by the physician. Precaution should be taken when treating patients with previous stenting within 
5mm of target lesion.
Potential adverse e�ects consistent with standard based cardiac interventions include– Abrupt vessel closure – Allergic reaction to contrast medium, 
anticoagulant and/or antithrombotic therapy-Aneurysm-Arrhythmia-Arteriovenous fistula-Bleeding complications-Cardiac tamponade or pericardial 
e�usion-Cardiopulmonary arrest-Cerebrovascular accident (CVA)-Coronary artery/vessel occlusion, perforation, rupture or dissection-Coronary artery 
spasm-Death-Emboli (air, tissue, thrombus or atherosclerotic emboli)-Emergency or nonemergency coronary artery bypass surgery-Emergency or nonemergency 
percutaneous coronary intervention-Entry site complications-Fracture of the guide wire or failure/malfunction of any component of the device that may or may not 
lead to device embolism, dissection, serious injury or surgical intervention-Hematoma at the vascular access site(s)- 
Hemorrhage-Hypertension/Hypotension-Infection/sepsis/fever-Myocardial Infarction-Myocardial Ischemia or unstable angina-Pain-Peripheral 
Ischemia-Pseudoaneurysm-Renal failure/insu�ciency-Restenosis of the treated coronary artery leading to revascularization-Shock/pulmonary edema-Slow flow, 
no reflow, or abrupt closure of coronary artery-Stroke Thrombus-Vessel closure, abrupt-Vessel injury requiring surgical repair-Vessel dissection, perforation, 
rupture, or spasm.
Risks identified as related to the device and its use: Allergic/immunologic reaction to the catheter material(s) or coating-Device malfunction, failure, or balloon 
loss of pressure leading to device embolism, dissection, serious injury or surgical intervention-Atrial or ventricular extrasystole-Atrial or ventricular capture.
Prior to use, please reference the Instructions for Use for more information on warnings, precautions and adverse events. www.shockwavemedical.com/IFU.

PERIPHERAL ISI:
In the United States: Rx only.
Indications for Use—The Shockwave Medical Intravascular Lithotripsy (IVL) System is intended for lithotripsy-enhanced balloon dilatation of lesions, including 
calcified lesions, in the peripheral vasculature, including the iliac, femoral, ilio-femoral, popliteal, infra-popliteal, and renal arteries. Not for use in the coronary, 
carotid or cerebral vasculature.
Contraindications—Do not use if unable to pass 0.014" (M5, M5+, S4, E8) or 0.018" (L6) guidewire across the lesion-Not intended for treatment of in-stent 
restenosis or in coronary, carotid, or cerebrovascular arteries.
Warnings—Only to be used by physicians who are familiar with interventional vascular procedures—Physicians must be trained prior to use of the device—Use 
the generator in accordance with recommended settings as stated in the Operator’s Manual.
Precautions—use only the recommended balloon inflation medium—Appropriate anticoagulant therapy should be administered by the physician—Decision 
regarding use of distal protection should be made based on physician assessment of treatment lesion morphology.
Adverse e�ects–Possible adverse e�ects consistent with standard angioplasty include–Access site complications–Allergy to contrast or blood thinner–Arterial 
bypass surgery—Bleeding complications—Death—Fracture of guidewire or device—Hypertension/Hypotension—Infection/sepsis—Placement of a stent—renal 
failure—Shock/pulmonary edema—target vessel stenosis or occlusion—Vascular complications. Risks unique to the device and its use—Allergy to catheter 
material(s)— Device malfunction or failure—Excess heat at target site.
Prior to use, please reference the Instructions for Use for more information on indications, contraindications, warnings, precautions and adverse events. 
www.shockwavemedical.com/ifu

REDUCER ISI:
Caution: In the United States, Shockwave Reducer is an investigational device, limited by United States law to investigational use.
The Reducer is subject of Investigational testing and is being studied in the COSIRA-II trial in Canada.
The Reducer is commercially available in certain countries outside the U.S. and Canada. 
Prior to use, please reference the Instructions for Use for more information on indications, contraindications, warnings, precautions and adverse events: 
ifu.neovasc.com

Please contact your local representative for specific country availability.
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