Cardiovasc Intervent Radiol (2026) 49:1219-1226
https://doi.org/10.1007/s00270-025-04335-w

C RSE ®

Check for
updates

STUDY PROTOCOL ARTERIAL INTERVENTIONS

Intravascular Lithotripsy for Patients with Chronic
Limb-Threatening Ischemia: Study Protocol for CALCIO,
a Prospective Multicenter Observational Investigation

Raman Uberoi' - Peter Reimer? - Joo-Young Chun® - Gilles Goyault* -
Elika Kashef® - Romaric Loffroy® - Thomas Rand’ - Maria Antonella Ruffino® -
Conrad von Stempel”'®'! - Tilmann Lange'? - Bleranda Zeka'? + Claire Poulet'?

Nathalie Kaufmann'? « Christoph Binkert"

Received: 29 July 2025/ Accepted: 19 December 2025/ Published online: 17 February 2026

© The Author(s) 2026

Abstract

Purpose The prevalence of severe vascular calcification in
patients with Chronic Limb-Threatening Ischemia (CLTI)
hinders the outcome of endovascular interventions and
increases the risk of amputation and death. Intravascular
lithotripsy (IVL) is a safe and effective treatment that
promotes revascularization; however, large-scale data on
its long-term effectiveness are lacking. The Chronic Limb-
Threatening Ischemia treated with Intravascular Litho-
tripsy Observational Study (CALCIO) aims to address this
shortcoming by assessing the real-world, long-term out-
comes of IVL in a large cohort of patients with CLTIL.
Methods CALCIO is a worldwide, multicenter, prospec-
tive cohort study designed to follow for 2 years 400 par-
ticipants treated with the Shockwave Medical IVL System.
Eligible patients, adults (> 18 years) with CLTI (Ruther-
ford category > 4) and calcified femoro-popliteal and/or
crural lesions visible on fluoroscopy, are recruited upon
providing informed consent. The primary outcome measure
is a composite of wound healing and freedom from
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amputation at 12 months. Secondary outcome measures
include technical success, amputation-free survival, chan-
ges in Rutherford category, limb perfusion and wound,
ischemia, and foot infection (WIfI) score, patency, need for
revascularization, safety, and patient-reported health-re-
lated quality of life (HRQoL). Results will be reported
using mainly descriptive statistics. Patient enrollment
opened in July 2024 and is planned to continue until July
2026, with the follow-up period expected to end in July
2028.

Conclusion CALCIO intends to provide valuable insights
into the real-world long-term clinical outcomes of IVL to
support decision making regarding the optimal endovas-
cular treatment for CLTI patients. CALCIO is registered on
ClinicalTrials.gov (NCT06149650).
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CALCIO aims to provide valuable insights into the real-world clinical outcomes of VL to inform clinical practice guidelines
and support decision-making regarding the optimal endovascular treatment for CLT| patients.

Intravascular lithotripsy - Peripheral arterial disease -
Vascular calcification - Endovascular treatment

Introduction

Peripheral arterial disease (PAD) affects more than 100
million people worldwide and is associated with significant
morbidity, mortality, and health-related quality of life
(HRQoL) impairment [1, 2]. Endovascular interventions
have become the primary revascularization strategy for
PAD; however, the presence of vascular calcification
reduces the effectiveness of many of these procedures by
restricting vessel wall expansion, hindering drug absorp-
tion, and increasing the risk for procedural complications
such as vascular dissection, stent fracture, and stent
thrombosis [3-7]. In fact, severe calcification is a signifi-
cant predictor of poor technical success and unfavorable
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clinical outcomes of endovascular treatments [8—11]. This
is especially problematic for patients with Chronic Limb-
Threatening Ischemia (CLTI), who show a high prevalence
of severe, often circumferential femoro-popliteal and crural
calcifications [11-13].

Intravascular lithotripsy (IVL) has been developed
specifically to address these challenges using specialized
balloon catheters that deliver sonic pressure waves to disrupt
calcium deposits and thereby improve vessel compliance and
revascularization outcomes. The technique’s safety and
efficacy in achieving significant luminal gain have been
demonstrated by two recent systematic reviews and meta-
analyses, which reported an overall 55-60% reduction in
diameter stenosis and low rates of periprocedural compli-
cations (~ 1.2%) [14, 15]. Despite these promising pre-
liminary results, data on the long-term effectiveness of IVL
remain scarce, particularly in CLTI patients.

The Chronic Limb-Threatening Ischemia treated with
Intravascular Lithotripsy Observational Study (CALCIO)
has been designed to address these important gaps in our
understanding of the real-world performance of IVL for
PAD by i) focusing specifically on patients with CLTI; ii)
collecting 2-year follow-up data; iii) looking primarily at
objective clinical outcomes that directly reflect patient
quality of life (i.e., wound healing and freedom from
amputation); and iv) supplementing these observations
with patient-reported outcomes.
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Study Design and Site Selection

CALCIO is a prospective, multicenter, single-cohort,
observational study. It is sponsored by the Cardiovascular
and Interventional Radiological Society of Europe
(CIRSE) and governed by a scientific Steering Committee
composed of interventional radiologists with extensive
expertise in the field of PAD. The study is conducted in
compliance with the Declaration of Helsinki, good clinical
practice, and all relevant European and national regulations
and has received all necessary approvals from national or
local ethics committees and regulatory authorities, if
appropriate.

Sites in Europe and North America with expertise in the
management of CLTI patients (> 50 CLTI patients treated
per year) and experience with the Shockwave Medical IVL
System (Shockwave Medical, Inc., California, USA; > 10
cases to date) were invited to participate in the study.
Approximately 40 sites across 9 countries (Austria, Canada,
France, Germany, Hungary, Italy, Spain, Switzerland, the
UK) are expected to contribute to the study.

Study Population

A total of 400 patients with CLTI receiving IVL per
standard of care will be recruited upon providing informed
consent. Eligibility criteria are listed in Table 1. Principal
investigators (PIs) are instructed to present the possibility
to participate in CALCIO to all eligible patients and doc-
ument refusal and reasons for non-eligibility when
appropriate.

Areas treated with IVL are referred to as “target seg-
ments,” and a segment is defined as a contiguous diseased
area with less than 5 cm separation. Since there are no
treatment restrictions, IVL may be performed on one or
multiple segments, alone or with adjunctive endovascular
interventions, on one or both limbs, on the same day or over

Table 1 Patient inclusion and exclusion criteria

multiple sessions. Patients may also receive endovascular or
surgical procedures on non-target segments.

Data Collection and Quality Control

Baseline data, obtained within 6 weeks before the first
planned IVL treatment, include demographics (age and
sex) and relevant medical history (smoking habit, diabetes,
hypertension, hyperlipidemia, symptomatic ischemic heart
disease, ongoing anti-platelet/anti-coagulation treatment).
Data specific to the target limb, including the presence and
extent of ischemic ulcers and foot infection, measurement
of limb perfusion (ankle-brachial index, ankle systolic
pressure, toe pressure, or transcutaneous oximetry), and
history of prior surgical or endovascular treatments for
PAD, as well as data specific to the target segments, such
as location, degree of stenosis, and length of occlusion (if
relevant), are also captured. Upon completion of the first
IVL treatment, procedural details, including information on
any potential adjunctive intervention, are collected for each
target segment together with digital subtraction angiogra-
phy (DSA) images and non-contrast images taken from the
unsubtracted mask of DSA images. In case patients do not
receive IVL as planned, reasons for not proceeding with the
planned treatment are recorded, and data collection is
suspended (Fig. 1). For all treated patients, follow-up data
are collected at 6, 12, and 24 months. Safety data are
collected from the first IVL procedure throughout the
study, and HRQoL is planned to be captured at each visit.

All data points and images are collected via an electronic
data capture (EDC) system provided by REDCap Cloud
(nPhase, Inc, version 1.7.3) using electronic case report
forms (eCRFs) which contain constraints on data types and
ranges, as well as alerts for inconsistent or missing data entry
to ensure data validity, completeness, consistency, and uni-
formity. Additionally, further consistency checks are per-
formed using data exports. All open queries are tracked and
summaries are sent to the sites regularly. A regular remote

Inclusion criteria

1. Patient with Chronic Limb-Threatening Ischemia (Rutherford classification category > 4)

2. Femoro-popliteal and/or crural calcified lesions visible on fluoroscopy

3. Treatment using the Shockwave Medical Intravascular Lithotripsy System

Exclusion criteria

1. < 18 years old
2. Incapacity or refusal to give informed consent
3. Ongoing pregnancy

4. Endovascular procedure(s) on the treatment site within 4 weeks before the planned intravascular lithotripsy treatment

@ Springer
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Fig. 1 Flowchart illustrating
the participant pathway and
corresponding data analysis.
ITT, intent-to-treat; mITT,
modified intent-to-treat

Enrollment

Assessed for eligibility

Excluded
- Not meeting eligibility criteria
- Declined to participate

\ 4

A 4

Included in cohort

A 4

ITT population

Procedure v

Did not receive IVL as planned

Received IVL as planned
mlITT population

Follow-up v

Completed 6-months follow-up

v

Completed 12-months follow-up

v

Completed 24-months follow-up

A 4

- Baseline

Analysis of available data:

- Reason for IVL not performed

Analyzed at 12 months
v

Analyzed at 24 months

monitoring scheme is employed for each participating site to
verify data quality and identify potential issues regarding
patient enrollment and data collection. While no on-site
monitoring or source data verification is planned due to
resource limitations, a Blinded Central Image Review
(BCIR) will be used to assess selected outcome measures.

Outcome measures

A list of all outcome measures is summarized in Table 2.

@ Springer

Primary Outcome Measure

The primary outcome measure of CALCIO is a composite
of wound healing and freedom from amputation at
12 months after the first IVL procedure. Wound healing is
defined as the healing status of the dominant ischemic
wound of the target limb as assessed by the investigators
using the categories defined in Table 3.

Patients who presented no wound at baseline (Ruther-
ford category 4) are followed for the development of de
novo ischemic ulcers. If such an ulcer appears after treat-
ment, the limb will be reported separately as “worsening.”

Freedom from amputation will be assessed by consid-
ering both minor (digital, metatarsal) and major (below or
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Table 2 Primary and secondary outcome measures in CALCIO

Outcome measure When Reported
by
Effectiveness— Composite of wound healing and freedom from amputation 12 months Investigator
Primary
Effectiveness— Technical success of IVL (diameter stenosis < 30% after IVL) Treatment day BCIR
Secondary
Overall procedural success (diameter stenosis < 30% after complete treatment in case of Treatment day BCIR
adjunctive interventions)
Wound healing 12 and 24 months Investigator
Freedom from amputation 12 and 24 months Investigator
Amputation-free survival Time-to-event Investigator
Change in Rutherford category 12 and 24 months Investigator
Change in limb perfusion (based on ankle-brachial index, ankle systolic pressure, toe 12 and 24 months Investigator
pressure, or transcutaneous oximetry)
Change in WIfI score 12 and 24 months Investigator
CD-TLR 12 and 24 months Investigator
CD-TLR-free survival Time-to-event Investigator
Patency (primary, assisted primary, secondary) 12 and 24 months Investigator
Safety Incidence and severity of procedural complications and major AEs Within 30 days Investigator
after IVL
HRQoL EuroQol EQ-5D-5L questionnaire 6, 12, and Patient
24 months
Exploratory Change in vascular calcification Treatment day BCIR

IVL, intravascular lithotripsy; WIfI score, wound; infection, and foot infection score; CD-TLR, clinically driven target lesion revascularization;
AEs, adverse events; HRQoL, health-related quality of life; BCIR, blinded central image review

Table 3 Definitions of wound

h Wound healing
healing status

Complete
Partial
Unchanged
Worsening

Complete epithelialization of the wound persistent for at least 14 days

Decrease of wound size > 50% compared to baseline (in largest diameter)

Increase or decrease of wound size < 50% compared to baseline (in largest diameter)
Increase of wound size > 50% compared to baseline (in largest diameter)

above the knee) amputations; however, amputations that
had been planned before the first IVL treatment will be
reported separately. For patients who receive an amputa-
tion, healing of the stump will be reported.

Secondary Outcome Measures
Immediate Effectiveness

Immediate effectiveness, per treated segment, is defined as
residual diameter stenosis < 30% and will be assessed by
BCIR using DSA images at the following time points: 1)
after IVL and before any potential adjunctive intervention,
“technical success of IVL,” and 2) by the end of the

complete procedure after any potential, planned or unplan-
ned, adjunctive intervention, “overall procedural success.”

Long-Term Effectiveness

To further assess the long-term effectiveness of IVL,
wound healing and freedom from amputation, as defined
above, will be reassessed at 24 months, and amputation-
free survival will be reported from the time of the first IVL
treatment, excluding patients with any amputation that had
been planned beforehand.

Other secondary effectiveness outcome measures that
will be assessed at 12 and 24 months include: i) changes of
Rutherford category, limb perfusion, and WIfI score

@ Springer
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[16-18]; ii) freedom from clinically driven target lesion
revascularization (CD-TLR), defined as the absence of
any endovascular re-intervention to the target segment
(£ 10 mm) or surgical bypass performed because of
restenosis or occlusion and CD-TLR-free survival; and
iii) patency of the target segments with a distinction
between primary patency (absence of total occlusion
without any re-intervention to the target segment); assisted
primary patency (absence of total occlusion following re-
intervention on the target segment due to restenosis); and
secondary patency (absence of total occlusion following
re-intervention on the target segment due to occlusion).

Safety

Safety of IVL will be assessed by monitoring the incidence
and severity of major adverse events (AEs) within 30 days
after the procedure. These include, but are not limited to,
procedural complications at the target and access sites (flow-
limiting dissection, emboli, occlusion, infection, hematoma,
false aneurysm, and perforation); deterioration of renal
function; allergic reaction; sepsis; acute onset of limb ische-
mia; stroke and myocardial infarction. Severity will be graded
according to the CIRSE classification system [19]. The total
number of AEs and the percentage of patients with at least one
AE will be summarized for AEs of i) any grade, ii) grade 34,
andiii) grade 5. A further distinction will be made based on the
likelihood of a causal relationship between the AE and the IVL
procedure, as assessed by the Pls.

Patient-Reported Health-Related Quality of Life

Patient-reported HRQoL will be evaluated using the Euro-
Qol questionnaire EQ-5D-5L. This questionnaire includes 5
dimensions (mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression), each having 5
response levels (no problems, slight problems, moderate
problems, severe problems, unable to/extreme problems) as
well as a vertical visual analog scale (EQ VAS) from 1 to 100
for the patients to rate their general health. The number and
percentages of responses per dimension will be analyzed and
reported together with the mean, standard deviation, median,
maximum, and minimum values of the EQ VAS.

Change in Vascular Calcification

The visualization and quantification of potential changes in
local vascular calcification immediately following IVL will
be investigated as an exploratory outcome. For this pur-
pose, non-contrast images of the target segments taken
from unsubtracted mask of DSA images pre- and post-IVL
will be collected and analyzed by BCIR.

@ Springer

Statistical Analysis

CALCIO is a single-arm study that will use mainly
descriptive statistics to report the outcome measures. The
target of 400 participants was not determined through a
formal sample size calculation but was assessed by the
Steering Committee as a sufficiently large sample to provide
meaningful information on the treatment’s effectiveness
while remaining achievable within the planned enrollment
period. All participants who were planned to receive IVL
will be included in the intent-to-treat (ITT) population,
regardless of whether they received the planned procedure.
In contrast, the modified intent-to-treat (mITT) population
will only include participants who received IVL treatment.

The results of the primary outcome measure will be
presented using summary statistics and a 95% confidence
interval (CI). For time-to-event outcome measures (am-
putation-free survival) and (CD-TLR-free survival), med-
ian time-to-event and 95% CI will be calculated using the
Kaplan—-Meier estimator, while the impact of different
covariates will be assessed using a stratified log-rank test
and an univariable Cox proportional hazard regression.
Following that, covariates with p values < 0.1 and < 20%
missing data will be included in a multivariable Cox pro-
portional hazards regression model, while variables with p
values < 0.05 will be retained in the model after backward
elimination or if they contribute to the predictability of the
model. All variables that were not included in the model
due to extensive missing data will be listed. All other
statistical tests will be based on a significance level of 5%,
and estimates will be presented using 95% bilateral CIs. No
adjustment for multiple testing will be done. In the anal-
yses of time-to-event outcomes, data will be censored at
the last time the patients’ status was assessed.

In general, no imputation of missing data is planned for
the analyses, and missing observations will be presented as
a percentage of the total. However, for the primary out-
come measure, depending on the number of deceased and
lost-to-follow-up participants before 12 months, a sensi-
tivity analysis may be performed.

Given the absence of planned confirmatory hypothesis
testing, findings should be considered exploratory. The
statistical analysis will be conducted using the latest
available versions of R and RStudio.

Discussion

IVL is a relatively recent technology with an expanding
evidence base in claudicant patients demonstrating a
favorable safety profile and significant luminal gain in
calcified lesions; however, evidence in patients with CLTI
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remains limited. A recent single-center retrospective study
on CLTTI patients receiving IVL plus drug-coated balloon
reported promising 12-month outcomes, with 92% freedom
from CD-TLR, 98% freedom from major amputation, and
89% overall survival [20].

Despite the consensus that vascular calcification hinders
clinical outcomes of endovascular interventions, European
and American guidelines on the management of PAD offer
limited, non-specific direction on revascularization strate-
gies for severely calcified lesions and do not consistently
address IVL or other plaque-modifying techniques [1, 2].
Reimbursement for IVL remains variable across healthcare
systems, which likely constrains routine adoption.

In the UK, however, the National Institute for Health and
Care Excellence (NICE) released its guidance on IVL for
calcified arteries in PAD in 2024 (www.nice.org.uk/guidance/
ipg780). Acknowledging “an unmet need for a safe and
effective endovascular option for treating heavily calcified
arterial lesions when surgery is unsuitable,” the NICE rec-
ommendations state that IVL can be used with special
arrangements for clinical governance, consent, and audit or
research. The existence of such guidelines is directly reflected
in clinical practice, as a larger number of patients have access
to the procedure in the UK compared to other countries.
However, while the NICE guidance is based on the conclu-
sion that IVL is safe and associated with a reduced need for
stenting, it also highlights a lack of evidence regarding long-
term patient outcomes. NICE specifically encourages further
research to include details on patient selection (including
lesion location and stenosis severity), adjunctive interven-
tions, the need for repeat revascularization, patient-reported
quality of life, amputation, and mortality.

Designed to specifically address these evidence gaps,
CALCIO intends to complement the existing literature by
collecting prospective data on the use of IVL in real-world
CLTI practice. The findings are expected to contribute to
future discussions on the role of IVL in clinical guidelines and
inform reimbursement considerations for its use in CLTI
patients. The study was received very positively by the com-
munity, with over 50 sites expressing interest in participating.

Patient enrollment for CALCIO opened in July 2024 and
is planned to continue until July 2026. The follow-up
period is expected to end in July 2028. At the time of
manuscript submission, 38 sites from 8 countries, including
14 in the UK, were participating in the study and 357
patients had been enrolled, including 182 in the UK.

Conclusions
CALCIO is the first large-scale study on the use of IVL for

patients with CLTI. By collecting robust real-world data on
clinical outcomes that are crucial to patients, in particular

wound healing, freedom from amputation, and quality of
life, CALCIO aims to provide pivotal information on the
long-term impact of IVL to inform clinical practice
guidelines and support decision making on optimal treat-
ments and thereby improve outcomes for CLTI patients.

Acknowledgements The authors would like to thank Dimitrios
Tsetis for his contribution in the early stages of the study, Clare Bent
and Robert Morgan for their independent review of the study proto-
col, and David-Dimitris Chlorogiannis for his help in drafting an
earlier version of the manuscript.

Funding The project is funded through an investigator-sponsored
research agreement with Shockwave Medical, Inc (California, USA).

Declarations

Conflicts of interest Joo-Young Chun has participated in a com-
pany-sponsored speakers bureau organized by Shockwave Medical,
Inc. Conrad von Stempel has received consultant fees from Shock-
wave Medical, Inc.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individ-
ual participants included in the study.

Consent to publish For this type of study, consent for publication is
not required. However, consent for publication was obtained for every
individual person’s data included in the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Mazzolai L, Teixido-Tura G, Lanzi S, Boc V, Bossone E,
Brodmann M, et al. 2024 ESC guidelines for the management of

peripheral arterial and aortic diseases. Eur Heart J.
2024;45(36):3538-700. https://doi.org/10.1093/eurheartj/
ehael79.

2. Gornik HL, Aronow HD, Goodney PP, Arya S, Brewster LP, Byrd L,
et al. 2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/
SVS/SIR/VESS guideline for the management of lower extremity
peripheral artery disease: a report of the American College of Car-
diology/American Heart Association Joint Committee on Clinical

@ Springer


http://www.nice.org.uk/guidance/ipg780
http://www.nice.org.uk/guidance/ipg780
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurheartj/ehae179
https://doi.org/10.1093/eurheartj/ehae179

1226

R. Uberoi et al.: Intravascular Lithotripsy for Patients with Chronic Limb-Threatening...

10.

11.

12.

Practice Guidelines. Circulation. 2024;149(24):e1313-410. https://
doi.org/10.1161/CIR.0000000000001251.

. Fanelli F, Cannavale A, Gazzetti M, Lucatelli P, Wlderk A, Cirelli

C, et al. Calcium burden assessment and impact on drug-eluting
balloons in peripheral arterial disease. Cardiovasc Intervent Radiol.
2014;37(4):898-907. https://doi.org/10.1007/s00270-014-0904-3.

. Fitzgerald PJ, Ports TA, Yock PG. Contribution of localized

calcium deposits to dissection after angioplasty. An observational
study using intravascular ultrasound. Circulation.
1992;86(1):64-70. https://doi.org/10.1161/01.CIR.86.1.64.

. Halwani DO, Anderson PG, Brott BC, Anayiotos AS, Lemons JE.

The role of vascular calcification in inducing fatigue and fracture
of coronary stents. ] Biomed Mater Res B Appl Biomater.
2012;100B(1):292-304. https://doi.org/10.1002/jbm.b.31911.

. Torii S, Jinnouchi H, Sakamoto A, Mori H, Park J, Amoa FC,

et al. Vascular responses to coronary calcification following
implantation of newer-generation drug-eluting stents in humans:
impact on healing. Eur Heart J. 2020;41(6):786-96. https://doi.
org/10.1093/eurheartj/ehz850.

. Welling RHA, de Borst GJ, van den Heuvel DAF, Branzan D,

Schmidt A, Scheinert D, et al. Vessel calcification patterns should
determine optimal balloon size strategy in below the knee
angioplasty procedures. Eur J Vasc Endovasc Surg.
2020;60(4):636-7. https://doi.org/10.1016/j.ejvs.2020.05.032.

. Kang IS, Lee W, Choi BW, Choi D, Hong MK, Jang Y, et al.

Semiquantitative assessment of tibial artery calcification by
computed tomography angiography and its ability to predict
infrapopliteal ~ angioplasty  outcomes. J  Vasc  Surg.
2016;64(5):1335.

. Guzman RJ, Brinkley DM, Schumacher PM, Donahue RMIJ,

Beavers H, Qin X. Tibial artery calcification as a marker of
amputation risk in patients with peripheral arterial disease. J] Am
Coll Cardiol. 2008;51(20):1967-74.

Huang CL, Wu IH, Wu YW, Hwang JJ, Wang SS, Chen WJ,
et al. Association of lower extremity arterial calcification with
amputation and mortality in patients with symptomatic peripheral
artery disease. PLoS ONE. 2014;9(2):€90201-. https://doi.org/10.
1371/journal.pone.0090201.

Konijn LCD, Takx RAP, de Jong PA, Spreen MI, Veger HTC,
Mali WPThM, et al. Arterial calcification and long-term outcome
in chronic limb-threatening ischemia patients. Eur J Radiol.
2020;132:109305.

Konijn LCD, Takx RAP, Mali WPThM, Veger HTC, van
Overhagen H. Different lower extremity arterial calcification

@ Springer

13.

14.

15.

16.

17.

18.

19.

20.

patterns in patients with Chronic limb-threatening ischemia
compared with asymptomatic controls. J Pers Med.
2021;11(6):493.

Narula N, Dannenberg AJ, Olin JW, Bhatt DL, Johnson KW,
Nadkarni G, et al. Pathology of peripheral artery disease in
patients with critical limb ischemia. J Am Coll Cardiol.
2018;72(18):2152-63.

Madhavan MV, Shahim B, Mena-Hurtado C, Garcia L, Crowley
A, Parikh SA. Efficacy and safety of intravascular lithotripsy for
the treatment of peripheral arterial disease: an individual patient-
level pooled data analysis. Catheter Cardiovasc Interv.
2020;95(5):959-68. https://doi.org/10.1002/ccd.28729.

Wong CP, Chan LP, Au DM, Chan HWC, Chan YC. Efficacy and
safety of intravascular lithotripsy in lower extremity peripheral
artery disease: a systematic review and meta-analysis. European J
Vasc Endovas Surg. 2022;63(3):446-56.

Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn
S, et al. Recommended standards for reports dealing with lower
extremity ischemia: Revised version. J Vasc Surg.
1997;26(3):517-38.

Mills JL, Conte MS, Armstrong DG, Pomposelli FB, Schanzer A,
Sidawy AN, et al. The society for vascular surgery lower
extremity threatened limb classification system: risk stratification
based on wound ischemia, and foot infection. J Vasc Surg.
2014;59(1):220-34.

Cook 10, Mayor JM, Mills JL. A review of WIfI clinical staging
to predict outcomes in patients with threatened limbs. Ann Vasc
Surg. 2024. https://doi.org/10.1016/j.avsg.2024.01.024.
Filippiadis D, Pereira PL, Hausegger KA, Ryan AG, Binkert CA.
CIRSE standards of practice for the classification of complica-
tions: the modified CIRSE classification system. Cardiovasc
Intervent Radiol. 2025. https://doi.org/10.1007/s00270-025-
04200-w.

Stavroulakis K, Bisdas T, Torsello G, Tsilimparis N, Damerau S,
Argyriou A. Intravascular lithotripsy and drug-coated balloon
angioplasty for severely calcified femoropopliteal arterial disease.
J Endovasc Ther. 2022;30(1):106—-13. https://doi.org/10.1177/
15266028221075563.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1161/CIR.0000000000001251
https://doi.org/10.1161/CIR.0000000000001251
https://doi.org/10.1007/s00270-014-0904-3
https://doi.org/10.1161/01.CIR.86.1.64
https://doi.org/10.1002/jbm.b.31911
https://doi.org/10.1093/eurheartj/ehz850
https://doi.org/10.1093/eurheartj/ehz850
https://doi.org/10.1016/j.ejvs.2020.05.032
https://doi.org/10.1371/journal.pone.0090201
https://doi.org/10.1371/journal.pone.0090201
https://doi.org/10.1002/ccd.28729
https://doi.org/10.1016/j.avsg.2024.01.024
https://doi.org/10.1007/s00270-025-04200-w
https://doi.org/10.1007/s00270-025-04200-w
https://doi.org/10.1177/15266028221075563
https://doi.org/10.1177/15266028221075563

	Intravascular Lithotripsy for Patients with Chronic Limb-Threatening Ischemia: Study Protocol for CALCIO, a Prospective Multicenter Observational Investigation
	Abstract
	Purpose
	Methods
	Conclusion
	Graphical Abstract

	Introduction
	Study Design and Site Selection
	Study Population
	Data Collection and Quality Control
	Outcome measures
	Primary Outcome Measure
	Secondary Outcome Measures
	Immediate Effectiveness
	Long-Term Effectiveness
	Safety
	Patient-Reported Health-Related Quality of Life
	Change in Vascular Calcification


	Statistical Analysis
	Discussion
	Conclusions
	Funding
	References




