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Peripheral artery disease (PAD) arises from the progressive 
development of occlusive atherosclerosis, predominantly in the 
lower limb peripheral vasculature.1 PAD has been increasingly 
recognized as an important cause of cardiovascular morbidity 
and mortality. Over the past decade, there has been a significant 
rise in hospital admissions for PAD globally, with more than 230 
million admissions recorded in 2015, mainly due to an aging 
population and the increase in diabetes and chronic kidney 
disease.1 The estimated prevalence of PAD in the United States 
is approximately 7%, affecting 8.5 million adults.1

Intermittent claudication is the most common presentation 
of peripheral arterial occlusive disease; however, an estimated 
50% to 90% of  patients with definite intermittent claudica-
tion failed to report the symptom to the clinician because a 
decrease in walking distance, and atypical symptoms such 
as leg cramping and pain, are assumed to be a normal part of 
aging.2-4 When left untreated, PAD-associated atheromatous 
plaques continue to cause inflammation within the vessel 
wall with subsequent plaque calcification, causing subacute 
obstruction, progressive symptoms, and chronic limb ischemia.5 

The disease progression may be complicated by plaque rupture 
with acute subtotal or total vessel occlusion presenting as acute 
limb-threatening ischemia.5 

Initial treatment approaches for PAD typically involve life-
style modifications, exercise therapy, and guideline-directed 
medical therapy aimed at modifying risk factors such as lipid 
levels, glycemic control, and blood pressure. Endovascular and 
surgical interventions should be considered as definitive therapies 
for patients who do not respond to conservative treatment and 
continue to experience lifestyle-limiting claudication symptoms 
or develop chronic limb-threatening ischemia (CLTI).5 

Endovascular revascularization has gained widespread ac-
ceptance as a primary treatment strategy for select patients with 
PAD. However, the presence of vascular calcification often leads to 
suboptimal outcomes. For example, intimal and medial calcifica-
tion can impede lumen expansion during balloon angioplasty and 
restrict stent expansion. Moreover, calcification poses challenges 
in achieving optimal drug delivery with drug-eluting technolo-
gies such as drug-eluting stents (DES) and drug-eluting balloons 
(DCB) 6 As a result, effective vessel preparation techniques are 
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necessary to address arterial wall calcification through debulking 
or fracture interventions.

Intravascular lithotripsy (IVL) has emerged as a vessel prepa-
ration device for heavily calcified arteries during endovascular 
therapies.8 IVL utilizes multiple emitters mounted on a traditional 
angioplasty balloon catheter to deliver pulsatile acoustic pres-
sure energy. This approach facilitates the fracture of superficial 
and deep calcium without compromising local soft tissues and 
minimizes the risk of emboli liberation.9 In this manuscript, we 
provide a comprehensive review of the role of IVL as an adjunct 
to endovascular revascularization in the treatment of PAD. 

Historical Perspective of Lithotripsy

The concept of lithotripsy was first introduced by Bavarian 
surgeon Franz von Paula Gruithuisen in 1813, leading to the 
invention of the lithotrite, a surgical instrument used to crush 
kidney stones inside the bladder, by Jean Civiale in 1832.10 The 

first successful lithotripsy procedure took 
place in 1834 at the French Academy in 
Paris.10 Although lithotripsy briefly gained 
popularity as an alternative to lithotomy, 
the introduction of general anesthesia 
shortly after by William Morton in 1846 
shifted favor back to lithotomy until the 
late 1980s.10

In 1971, Haeusler et al. demonstrated the 
use of shock waves, strong ultrasonic pulses 
propagated in a water cylinder, to destroy 
kidney stones.10 In 1975, Claude Dornier 
applied this technique extracorporeally 
and successfully fragmented kidney stones 
in vivo in experimental animal models.10 
Walter Brendel, in 1980, performed the first 
successful human extracorporeal shock 

wave lithotripsy at the Institute for Surgical Research in Munich.10  
The idea of using lithotripsy intravascularly to target calcified 

intracoronary and peripheral arterial plaques was first proposed 
by Daniel Hawkins in 2007.11 The integration of both high- and 
dual-frequency technology, the development of laser-assisted IVL 
devices, improved ergonomics, image guidance, and versatility 
laid the foundation for demonstrating the safety and efficacy of 
this technique in several clinical trials.11 The use of IVL devices 
to treat intravascular calcification was officially approved by the 
FDA in 2016 (Figure 1).11

Principles of IVL in Peripheral 
Artery Intervention

The IVL balloon, which includes lithotripsy emitters, is 
mounted at the tip of the peripheral IVL balloon-catheter system 
and serves as a pressure wave emitter that converts electrical 
energy from the external pulse generator into sonic pressure 

Figure 2. Equipment for intravascular lithotripsy. A) Pulse-generating console with a wand device 
needed to connect the console with the lithotripsy balloon. B) Common lithotripsy balloon showing 
the balloon’s high-energy pulse generating transducers. Permission granted by Shockwave Medical 
for reuse of images.

Figure 1. A timeline of milestones in the evolution of shock wave lithotripsy technology and use in clinical medicine. 
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waves.9 These transient acoustic circumferential pressure pulses 
selectively fracture calcium within the vascular plaque, altering 
vessel compliance.9 The shock waves are characterized by a short 
duration of 5 µs, with positive and negative pressure peaks and 
troughs components.9 To perform the procedure, the balloon 
catheter is advanced to the target lesion after establishing vascular 
access. The balloon is then inflated at low pressure (4 atm) to avoid 
barotrauma, and high-energy pulses are delivered. Following this, 
further balloon dilation (6 atm) is performed before deflating the 
balloon to allow for resumption of distal perfusion.12 This process 
can be repeated for a maximum of 10 cycles per balloon, totaling 
300 pulses per catheter.12 Post-dilatation is an option after IVL, 
ensuring adequate lesion preparation and dilatability of the 
target lesion, before stent implantation or other modalities such 
as DCB angioplasty.12 For detailed preparation and procedural 
steps, refer to Table 1; typical indications for IVL are described 
in Table 2 and Figure 2.

At the time of  initial FDA approval, the peripheral IVL 
balloon catheter consisted of an over-the-wire balloon ranging 
from 3.5 mm to 7.0 mm in diameter (0.5 mm increments) and 
60 mm in length, requiring a 6F or 7F sheath depending on 
the balloon diameter.12 The newest catheter, M5* (Shockwave 
Medical), is available with a longer length (135 cm) and goes 

Table 1.  Standard steps taken to perform peripheral IVL 

Preparation Phase

1. Sterilize the insertion site.

2. Place an introducer sheath in the vessel.

3. Insert appropriate size of balloon catheter based on balloon com-
pliance and diameter of the vessel (1:1).

4. Remove the IVL packaging.

5. A 20-cc syringe is filled with 1:1 ratio of saline and contrast medi-
um and attached to the inflation port in the catheter hub. Pull the 
vacuum 3 times and release it to allow fluid to replace the air in the 
catheter.

6. The deflator device is filled with 10 cc of saline and contrast medi-
um. Connect it to the inflation port of the catheter hub after removing 
the syringe. Ensure no air is in the system.

7. Flush saline into the guidewire port.

8. Wet the distal end and the balloon with saline to activate the 
hydrophilic coating.

9. Insert the IVL connector cable into the probe cover.

10. Attach the IVL catheter connector to the connector cable after 
removing the cap.

11. Attach the distal end of the cable to the IVL generator.

Delivering the IVL Catheter to the Treatment Site

1. Advance the guidewire to the treatment site.

2. Load the IVL catheter with the balloon over the guidewire and sheath 
and advance it to the treatment site.

3. Use marker bands to position the balloon over the treatment site.

Treating the Site With Lithotripsy

1. Record the position using fluoroscopy once the IVL catheter is in 
place.

2. Adjust the IVL catheter to the correct position if position is incorrect.

3. Inflate the balloon to 4 atm.

4. Use the IVL system sequence chart to deliver the IVL system treat-
ment sequence. 

5. Inflate the balloon as per the balloon compliance and record the 
response.

6. Deflate the balloon and wait 30 seconds to establish blood flow.

7. Repeat steps 3-6 to complete treatment with 40 pulses.

8. Additional treatment may be given if deemed necessary. Care must 
be taken not to exceed 160 pulses for the same target lesion.

9. Perform an arteriogram to assess the result of treatment.

10. Deflate the device and remove the IVL catheter.

11. Inspect all components to ensure the catheter is intact.

Detailed overview of preparation and procedural steps necessary for successful 
use of a peripheral IVL balloon-catheter system. 
Abbreviation: IVL, intravascular lithotripsy. 

Table 2. Typical indications for use of peripheral IVL in 
treating calcified lesions

Preparation Phase

1. Peripheral calcification noted on fluoroscopy or noninvasive imag-
ing (computed tomography, magnetic resonance imaging, positron 
emission tomography, or vascular ultrasound).

2. Evidence of an undilatable lesion despite high-pressure noncompli-
ant balloon dilatation as lesion preparation.

3. Evidence of stent under expansion, either on intravascular imaging 
or angiographically.

4. Evidence of heavy calcification noted on intravascular imaging 
(intravascular ultrasonography or optical coherence tomography).

In general, if a heavily calcified stenosis or occlusion in the peripheral arteries 
is preventing blood flow or causing symptoms such as claudication, rest pain, 
and critical limb ischemia, or is threatening limb viability, use of IVL should be 
considered. 
Abbreviation: IVL, intravascular lithotripsy. 

Figure 3. Components of a Shockwave S4 peripheral intravascular litho-
tripsy (IVL) catheter. As shown, a typical catheter includes the following 
parts: IVL connector cable, inflation port, guidewire exit port, catheter hub, 
catheter shaft, and IVL balloon.
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up to 8.0 mm (Table 3) (Figure 3).12 The invention of smaller 
IVL balloon catheters, particularly the M5+ catheter, with a 
hydrophilic coating, lower crossing profiles, and a 135 cm 
shaft length, has enabled the treatment of contralateral distal 
peripheral calcified lesions.12 The refined design of  the M5+ 
catheter has also optimized the location of  energy emission, 
resulting in increased impact on calcified plaques by altering 
the location of  the middle two lithotripters to focus shock 
wave energy in the middle of  the target field.12 Advance-
ments in catheter technology have led to FDA approval for 
IVL treatment in various peripheral vascular beds, including 
the femoral, iliac, popliteal, infrapopliteal, celiac, mesenteric, 
and renal arteries.12

When performed with the proper preparation and without 
contraindications (unable to pass guidewire across the lesion, 
treatment for in-stent restenosis, or for use in carotid, or cerebro-
vascular arteries), IVL has proven to be a safe and effective form 
of therapy (Table 2). Several mechanisms may contribute to the 
fragmentation of calcific plaque by IVL, including the following:

1.	Compressive circumferential forces generated by variable 
propagation of the acoustic shock waves causes axial 
splitting in the solid calcified plaque and the surrounding 
soft tissue.13

2.	Collapse of  cavitation bubbles within the saline-con-
trast-filled balloon that impacts the surface of the calcific 
plaque.13

Table 3. Technical characteristics of peripheral IVL systems

Above the knee Below the knee

FDA registration 2017 2018

CE mark 2017 2018

Balloon diameter 3.5-7.0 mm 2.0-4.0 mm

Balloon length 60 mm 40 mm

Balloon diameters and crossing profiles 3.5 mm: 0.054 in

4.0 mm: 0.057 in

   4.5 mm: 0.058 in 2.5-3.5 mm: 0.048 in

   5.0 mm: 0.062 in 4.0 mm: 0.050 in

   5.5 mm: 0.064 in

   6.0 mm: 0.066 in

   6.5 mm: 0.068 in

   7.0 mm: 0.073 in

Access sheath and guide catheter 6F sheath for 3.5-6.0 mm balloons 5F sheath

7F sheath for 6.5-7.0 mm balloons

Catheter length 110 cm 135 cm

Guide extension - -

Guidewire compatibility 0.014 in 0.014 in

Lithotripters per balloon 5 4

Pulse frequency 1 pulse/s 1 pulse/s

Maximum duration of shock wave delivery 30 seconds 20 seconds

Maximum pressure generated 50 atm (5 MPa) 50 atm (5 MPa)

Maximum pulses per balloon 300 (10 cycles, 30 pulses each) 160 (8 cycles, 20 pulses each)

Nominal pressure 6 atm 6 atm

Balloon pressure during shock wave delivery 4 atm 4 atm

Rated burst pressure 10 atm 10 atm

Abbreviations: IVL, intravascular lithotripsy; CE, Conformité Européenne; MPa, megapascal.
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3.	Progressive expansion of microfractures into macrofrac-
tures due to the cumulative impact of  repetitive shock 
wave pulses causes fatigue.13 Furthermore, fracturing 
calcium may augment delivery of  antiproliferative 
agents from DCB or DES to the vessel wall.

While shock wave energy may affect the surrounding 
vascular tissue and potentially cause inflammation and injury, 
a recent in vivo study on iliac and femoral arteries showed 
no difference in inflammation or soft tissue damage between 
balloon angioplasty and IVL, despite using 180 energy pulses, 
which is more than the recommended amount.14 Additionally, 
as IVL does not involve displacing plaques, the risk of  em-
bolization is lower compared with atherectomy devices such 

as the SilverHawk and TurboHawk plaque excision systems 
(Medtronic).9

Clinical Evidence for IVL in PAD

Since its introduction as a treatment option for PAD in 2016, 
IVL has limited available evidence to support its efficacy. Al-
though initial results show promise, there are few comparative 
studies with traditional endovascular therapies and more are 
needed for a clearer definition regarding the effectiveness of 
IVL in heavily calcified vessels. Among the currently available 
evidence, only 4 studies have attempted to classify vascular 
calcification using the Peripheral Academic Research Consortium 

Table 4. Summary characteristics of studies investigating the safety and efficacy of IVL for PAD

Trial 
registry

Author 
name

Journal Regions Study 
design

Patients 
(lesions) n

Recruit-
ment 

period

Industry 
affiliations

Diameter 
of 

stenosis 
(mm)

Luminal 
gain (mm)

Residual 
stenosis 

(%)

Target 
vessel 

patency at 
6 months 

(%)

N/A Brod-
mann et 
al., 2019

J Endovasc 
Ther

Austria, 
Germany, 

USA

Retrospec-
tive review

 21 (21) Sept 2015 
-Mar 2018

Shockwave 
Medical

72.3 3.1 ± 1.3 21.3 NR

Radaideh 
et al., 
2019

Catheter 
Cardiovasc 

Interv

USA Retrospec-
tive review

7 (7) NR NR NR NR NR NR

Radaideh 
et al., 
2021

Cardiovasc 
Revasc 

Med

USA Retrospec-
tive review 

24 (24) Dec 2017-
Oct 2018

NR NR NR NR NR

Disrupt 
PAD I

Brod-
mann et 
al., 2017

J Am Coll 
Cardiol

Canada Clinical 
trial (single 

arm)

35 NR Shockwave 
Medical

76.3 2.9 23.4 82.1

Disrupt 
PAD II

Brod-
mann et 
al., 2019

Catheter 
Cardiovasc 

Interv

Austria, 
Germa-
ny, New 
Zealand

Clinical 
trial (single 

arm)

60 (60) June 2015- 
Dec 2015

Shockwave 
Medical

78.2 ± 13.5 3.0 24.2 72.7

Disrupt 
PAD III 
RCT

Tepe et 
al., 2022

JSCAI  Austria, 
Germa-
ny, New 
Zealand, 

USA.

Clinical 
trial (single 

arm)

306 Feb 2017-
May 2020

Shockwave 
Medical

85 ± 12 4.7 27.3 ± 11.5 82

Disrupt 
PAD III 
OS

Arm-
strong 
et al.,  
2020

Cardiovasc 
Revasc 

Med

USA, 
Germany

Clinical 
trial (single 

arm)

118 (200)  Dec 2017-
July 2019

Shockwave 
Medical

83.1 ± 13.4 NR 12 NR

Adams et 
al., 2022

J Endovasc 
Ther

United 
States, 

New 
Zealand, 
Germany

Clinical 
trial (single 

arm)

101 (114) July 2018-
Aug 2020

Shockwave 
Medical

83.4 ± 15.8 2.0 ± 0.7 23.3 ± 12.5 NR

Adams et 
al., 2022

J Endovasc 
Ther

USA, 
Europe

Clinical 
trial (single 

arm)

200 (220) Nov 2017-
Aug 2018

Shockwave 
Medical

23.6 ± 9.7 3.4 ± 9.7 23.7 NR

Disrupt 
BTK I

Brod-
mann et 
al., 2017

J Am Coll 
Cardiol

Canada Clinical 
trial (single 

arm)

35 NR Shockwave 
Medical

76.3 2.9 23.4 82.1

Abbreviations: IVL, intravascular lithotripsy; PAD, peripheral artery disease; RCT, randomized controlled trial; OS, observational study; BTK, below-the-knee trial; 
NR, not reported.
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Table 5. Description of inclusion criteria, primary and secondary outcomes for studies investigating the safety or efficacy 
of IVL for PAD

Trial 
name

Author 
name

Inclusion criteria Primary outcomes Secondary outcomes

N/A Brod-
mann 
et al., 
2019

Not specified Safety: Complications caused by angiography
Efficacy:
1. Ability to deliver IVL to the target lesion
2. Final diameter stenosis(%)
3. Need for stenting
4. Increase in acute gain

Not specified

Ra-
daideh 
et al., 
2019

Not specified Safety: Freedom from MAEs (defined as major 
dissection of NHLBI C or higher, perforation, distal 
embolization, mortality, or amputation)
Efficacy: Acute procedural success (≤30% residual 
stenosis) with no complications

Safety: 30-day MAEs
Efficacy: 
1. Mean stent diameter 
post deployment vs. 
expected stent diameter 
per manufacturer’s label 
(analyzed by the Midwest 
Cardiovascular Research 
Foundation quantitative 
vascular lab)
2. Need for target lesion 
revascularization
3. Target limb amputation
4. Vascular-related death
5. Clinical outcomes at 
1 month (assessed with 
change in RC)

Ra-
daideh 
et al., 
2021

1. All patients that received the combi-
nation treatment of atherectomy and 
shockwave lithoplasty.

Safety: Freedom from MAEs (defined as major 
dissection of grade C or higher, perforation, distal 
embolization, or major amputation above the ankle)
Efficacy: Procedural success (residual stenosis 
≤30% at the end of procedure)

Efficacy: Freedom from 
TLR at 12 months and 18 
months

Disrupt 
PAD I

Brod-
mann 
et al., 
2017

1. Moderate or severe calcification
2. Reference vessel diameter 3.5 mm-
7.0 mm 
3. Stenosis ≥70%
4. Lesion length ≤150 mm and at least 1 
patent runoff vessel to the foot

Safety: MAEs assessed at 30 days and 6 months, 
and defined as thrombus or distal emboli requiring 
treatment, or perforation/ flow-limiting dissec-
tions requiring intervention including stenting, 
emergency surgical revascularization or target-limb 
amputation
Efficacy: Residual diameter stenosis of <50% after 
treatment with or without adjunctive percutaneous 
angioplasty as per the core laboratory

Efficacy: ABI and Ruther-
ford category assessed at 
6 months

Disrupt 
PAD II

Brod-
mann 
et al., 
2019

1. Rutherford classification 2-4
2. Reference vessel diameter 3.5 mm-
7.0 mm
3. Diameter stenosis ≥70% 
4. Target zone length ≤150 mm  
5. Minimum of 1 vessel runoff and 
calcification as determined by the 
operators,(≥50% the lesion length and 
on parallel sides of the vessel)

Safety: MAEs through 30 days; defined as symp-
tomatic thrombus, distal emboli, perforations of 
grade D, greater dissections requiring an interven-
tion, unplanned target limb major amputation, or 
emergency surgical revascularization of the target 
limb
Efficacy: 
1. Target lesion patency at 12 months defined as no 
50% restenosis reported by DUS as judged by an in-
dependent duplex ultrasonography core laboratory
2. Primary patency composite endpoint, as rec-
ommended by the PARC consortium defined as 
freedom from CD-TLR and freedom from 50% reste-
nosis as determined by duplex ultrasound

Safety: Freedom from 
MAEs for 12 months
Efficacy:
1. Target lesion patency 
seen at 30 days and 6 
months, and target lesion 
revascularization at 12 
months
2. Acute procedural 
success defined as the 
ability of the IVL catheter 
to achieve a post-IVL 
residual stenosis of <50%
3. Improvement in ABI and 
Rutherford classification 
at 30 days, 6 months, and 
12 months

Continued on next page
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(PARC) criteria in the context of lithotripsy device utilization. 
Table 4 and Table 5 summarize the characteristics and results 
of these studies assessing the use of IVL in patients with PAD. 15-25

IVL in Femoropopliteal Arterial 
Disease

The safety, performance, and efficacy of IVL in treating fem-
oropopliteal artery disease have been assessed in the Disrupt 
PAD trials I, II, and III.15-17 These trials, sponsored by Shockwave 
Medical, were multicenter, prospective studies (PAD I and II were 
nonrandomized, PAD III randomized) that included patients 
with angiographic evidence of 70% or higher stenosis, de novo 

superficial femoropopliteal artery or popliteal artery target 
lesion, fluoroscopic evidence of calcification more than 50% of 
lesion length, or Rutherford classification 2 to 4.15-17 These trials 
excluded patients with planned target limb major amputation, 
ischemic ulcerations, renal disease, in-stent restenosis within 10 
mm of the target zone, significant stenosis (>50%) or occlusion 
of inflow tract before the target zone is not successfully treated, 
and premarket, single gangrene.15-17

The Disrupt PAD I trial, a premarket single-arm prospective 
trial initially presented in 2017, demonstrated 100% procedural 
success in calcified stenotic target vessels with lesion lengths of 
150 mm.15 Safety outcomes of interest included surgical revascu-
larization, amputation, distal embolization, or interventions for 

Table 5. Description of inclusion criteria, primary and secondary outcomes for studies investigating the safety or efficacy 
of IVL for PAD

Disrupt 
PAD III 
RCT

Tepe 
et al., 
2022

1. Symptomatic leg claudication and/or 
rest pain (Rutherford class 2-4)
2. Moderate to severe calcification
3. Angiographic evidence of 70% 
stenosis in the superficial femoral and/
or popliteal artery, with length of the 
lesion up to 180 mm and reference 
vessel diameter 4 mm-7 mm

Efficacy: Procedural success, defined by the angio-
graphic core laboratory, as <30% residual stenosis 
without flow-limiting dissection following ran-
domized treatment and prior to provisional stent 
placement and/or drug-coated balloon treatment

Efficacy: Patency seen at 
1 year, defined as freedom 
from CD-TLR and reste-
nosis as determined by 
duplex ultrasound or an-
giogram by 50% stenosis

Disrupt 
PAD III 
OS

Arm-
strong 
et al., 
2020

1. Moderate calcification as assessed 
by angiography (fluoroscopic evidence 
of calcification on parallel sides of the 
vessel, or extending ≥50% the lesion 
length if lesion length was ≥50 mm or 
extending for a minimum of 20 mm if 
the lesion length was ≤50 mm)

Not specified Not specified

Adams 
et al., 
2022

1. Claudication or CLI with Rutherford 
category 4-6
2. Moderate calcification assessed by 
angiography (fluoroscopic evidence 
of calcification on parallel sides of the 
vessel and extending >50% the lesion 
length if lesion length was ≥50 mm or 
extending for a minimum of 20 mm if 
the lesion length was <50 mm)

Not specified Not specified

Adams 
et al., 
2022

1. CLI or intermittent claudication 
(Rutherford criteria 4-6)
2. Calcification on both sides of vessel 
extending more than 50% with length 
of lesion being ≥50 mm or extending 
for ≥20 mm if the lesion length was 
<50 mm
3. Lesions contained in the iliofemo-
ral, femoropopliteal or infrapopliteal 
lesions.

Not specified Not specified

Disrupt 
PAD 
BKT I

Brod-
mann 
et al., 
2018

1. >50% infrapopliteal stenosis 
2. <150 mm in length
3. Target vessel diameter 2.5-3.5 mm 
4. Rutherford class 1-5
5. Moderate to severe calcification

Safety: MAEs through 30 days defined as death, 
myocardial infarction, need for emergency surgical 
intervention, revascularization, or amputation of 
the target limb
Efficacy: Acute reduction in diameter of the target 
stenotic lesion.

Efficacy: Procedural suc-
cess defined as the ability 
to achieve 50% residual 
diameter stenosis from 
Shockwave Peripheral IVL 
System

Abbreviations: PAD, peripheral artery disease; RCT, Randomized controlled trial; OS, observational study; BKT, below-the-knee trial; NR, not reported; IVL, intravascular 
lithotripsy; ABI, ankle-brachial index; MAE, major adverse event; CD-TLR, clinically driven target lesion revascularization; CLI, critical limb ischemia.
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perforation/flow-limiting dissections requiring stenting.15 Among 
the 35 participants in this trial, only 23.4% residual stenosis was 
observed, with sustained improvement in Rutherford category 
scores at the 6-month follow-up and no major adverse events.15  

Following Disrupt PAD I, Disrupt PAD II became the first 
postmarket, prospective, multicenter, nonrandomized study 
to directly evaluate the safety and effectiveness of IVL therapy 
in a larger cohort over a longer duration (1-year follow-up).16 
The trial involved 60 participants with 78% vessel stenosis and 
a mean vessel length of 98 mm.16 Similar to Disrupt PAD I, this 
study demonstrated 79% target lesion patency at 1-year follow-up, 
with no postprocedural perforations, abrupt closure, or slow flow/
no-reflow reported, except for 1 case of grade D wire-induced dis-
section treated with stent placement.16 Notably, experts observed 
improved target lesion patency when using an IVL balloon size to 
artery size ratio of 1.1:1 and recommended at least 1 cm balloon 
overlap if multiple inflations are required due to longer lesions 
to prevent a geographic miss.16 These technical improvements 
were rapidly adopted in global guidelines.12

The Disrupt PAD III trial, a single-blinded, double-armed global 
randomized controlled trial, compared IVL with percutaneous 
transluminal angioplasty (PTA) in severely calcified femoro-
popliteal lesions.17 The trial demonstrated significantly greater 
primary patency at 1-year (80.5% vs 68.0%, P=.017) and 2-year 
(70.3% vs 51.3%, P=.003) follow-up in the IVL arm.17 Patients in 
the IVL group also required less provisional stenting (4.6% vs 
18.3%, P<.001) and showed similar rates of freedom from tar-
get lesion revascularization (95.7% vs 98.3%, P=.94) compared 
with the PTA group.17 This trial provided the first evidence of 
IVL’s efficacy against PTA in treating moderate-to-severe PAD.17 
Additionally, the Disrupt PAD III observational registry has eval-
uated the safety and efficacy of IVL in combination with other 
endovascular therapies. A report by Radaideh et al demonstrated 
the safety and effectiveness of combined rotational atherectomy 
and IVL treatment, resulting in a final minimal luminal diam-
eter of 4.7 ± 0.8 and an acute gain of 2.5 mm.18 Similar findings 
were observed when IVL was used in conjunction with other 
balloon-based technologies.19

IVL in Infrapopliteal Arterial 
Disease

Treating below-the-knee (BTK) or infrapopliteal artery 
disease is often challenging due to significant elastic recoil and 
the presence of diffuse calcification. The Disrupt BTK I trial, 
the first global, multicenter, prospective, nonrandomized trial, 
showcased the safety and feasibility of IVL in treating calcified 
infrapopliteal stenosis using the M5 peripheral IVL catheter 
(Shockwave Medical).20 The eligibility criteria and outcomes 
of interest aligned with the Disrupt PAD trials.15-17, 20 This trial 
demonstrated a remarkable 46% reduction in the diameter of 
target lesions, resulting in a mean residual stenosis diameter of 

26.2% and a luminal gain of 1.5 ± 0.5 mm.20 Vascular complications 
were minimal, with only 1 occurrence of type B dissection and 
2 instances of stent placement within the patient population.20 

In a recent prospective, nonrandomized multicenter trial 
from the Disrupt PAD III observational registry, the safety and 
effectiveness of IVL therapy using the S4 catheter (Shockwave 
Medical) were assessed.21 The study authors reported an average 
acute gain of 2.0 ± 0.7 mm and a mean residual stenosis of 23.3% 
± 12.5% at the 6-month follow-up.21 Furthermore, the Disrupt BKT 
II trial, involving 250 patients with critical limb ischemia and 
long calcified lesions from 40 global sites, is expected to publish 
its results later this year, further demonstrating the safety and 
effectiveness of IVL therapy in BTK PAD.

IVL in Iliac and Iliofemoral Artery 
Disease

Limited evidence exists regarding the utility of IVL in treating 
iliac and iliofemoral disease. A recent nonrandomized prospective 
study examined the feasibility and safety of IVL for iliac disease, 
utilizing a subgroup of patients extracted from the Disrupt PAD 
III observational registry.22 Out of the 118 patients included (with 
200 moderate or severely calcified lesions ≥20 mm in length), 
101 patients underwent treatment for CLI or claudication.22 The 
study concluded that IVL is a safe and effective option for calcified, 
stenotic iliac disease, with a final mean residual stenosis of 12.0% 
± 12.1%.22 To support the efficacy of IVL in iliac and iliofemoral 
artery disease, Radaideh et al conducted a case series at a single 
center to evaluate its effectiveness.23 Despite encouraging results, 
the use of IVL for iliac and iliofemoral arteries prior to stenting 
is a novel approach, and experts worldwide are currently inves-
tigating the feasibility of this technique.

IVL in Common Femoral Artery 
Disease

The investigation into the utility of IVL for common femoral 
artery stenosis in patients with moderate-to-severe calcifications 
was initiated by Brodmann et al.24 The authors conducted a pro-
spective multicenter study with core lab adjudication, focusing 
on severely calcified lesions to highlight the low residual stenosis 
and substantial acute luminal gain of 3.1 ± 1.3 mm achieved with 
IVL therapy.24 Among the 21 patients included in the study, 20% 
experienced minor (Type B) dissections that did not require 
additional treatment.24 This study’s findings were supported by a 
retrospective analysis conducted by Adams et al, which involved 
patients from 2 other centers.19

Meta-analysis

The evidence supporting the use of IVL therapy for extrem-
ity PAD is steadily increasing. Wong et al recently conducted a 
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systematic review utilizing 9 studies to assess the efficacy and 
safety of IVL in severely calcified lower extremity PAD.25 The 
review revealed a significant reduction in vessel diameters 
between the pre-IVL and post-IVL stages (59.3% [95% CI; 53.3%-
65.3%]).25 Severe vascular complications, such as flow-limiting 
or type D/E/F dissections, occurred in only 1.25% of patients.25 
While current evidence is limited and studies focusing on up-
per extremity PAD are lacking, experts from around the world 
have reported encouraging outcomes with the use of IVL for 
PAD treatment.

Current Status of Technology and 
Future Use

IVL offers a groundbreaking option for treating calcified, 
stenotic lesions in patients with PAD, although its evaluation in a 
clinical setting is still incomplete. Currently, IVL has demonstrated 
efficacy in various vascular beds, challenging lesion subtypes, and 
complex patient populations, while maintaining an acceptable 
safety profile. However, most published studies on the safety of 
IVL in PAD have been limited by small patient cohorts. Despite 
promising results, most studies published on the safety of IVL in 
patients with PAD have had limited patient cohorts. While many 
predict that physicians will prefer the use of IVL for fracturing 
calcified plaques due to its ease of use, the clinical efficacy of IVL 
relative to established endovascular interventions, including 
atherectomy devices, as evaluated in level I clinical trials, and its 
cost-effectiveness are yet to be determined. Despite the ease of use 
of IVL for fracturing calcified plaques, the clinical effectiveness 
of IVL compared with established endovascular interventions, 
including atherectomy devices, as well as its cost-effectiveness, 
remain to be determined.12 Future clinical studies comparing IVL 
with non-IVL strategies using real-world registries will add more 
insight into the efficacy and safety of IVL and further establish 
its potential role in optimal treatment. If  fully implemented 
into clinical practice, comprehensive training and education 
of cardiologists and interventional radiologists is necessary for 
effective use in patients. 

Conclusion

IVL is a promising and innovative approach for treating 
calcification in peripheral arterial vessels. The existing studies 
provide strong evidence supporting the safety and efficacy of 
IVL. Improved luminal gain, vessel diameter, and mean residual 
stenosis, in addition to improvement in clinical indices of patients, 
has been observed in several studies.15-25 However, the current 
literature is limited in terms of sample size and exhibits signif-
icant clinical heterogeneity, particularly in the classification of 
calcified target lesions. Future studies should be conducted to 
comprehensively evaluate the efficacy of IVL in real-world settings, 
directly comparing it with atherectomy and other endovascular 

therapies. Additionally, longer-term follow-up is necessary to 
assess the sustained prognosis of patients.
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