Peripheral artery disease (PAD) is a global health
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ABSTRACT
Objective: The aim of this study was to evaluate safety and efficacy of intravascular lithotripsy (IVL) treatment in calcified
iliac arteries and explore a new approach to determining whether to stent or not to stent calcific iliac vessels.

Methods: All consecutive patients who underwent IVL (Shockwave Medical) for calcified iliac arteries from February 2021
to May 2024 at four centers were included. Indication for IVL was Rutherford category =3 in iliac lesions with moderate-
to-severe calcification and was based on a new algorithm: IVL as stand-alone therapy *= provisional stenting in case of
stenosis, or IVL as vessel preparation for planned stenting in cases of chronic total occlusion. The primary endpoint was
primary patency; assisted primary patency, secondary patency, and freedom from iliac complications were also analyzed.
Clinical and procedural data were compared between two groups: IVL stand-alone therapy (IVL ONLY) vs IVL with
adjunctive stenting (IVL + STENT). Indication for IVL ONLY was based on adjunctive completion assessments (extravas-
cular ultrasound and translesional gradient pressure). A Cox regression univariate analysis between cases with or without
target lesion revascularization was performed.

Results: In total, 100 iliac arteries were treated in 86 patients (52 male; mean age, 74 = 9 years). Median follow-up was
20 months (range, 1-45 months). Critical limb ischemia was present in 55% of the patients, the majority of whom (75%)
had severe calcifications (180°-360°). The mean target lesion length was 40.95 * 29.25 mm with a mean stenosis of 84% =+
10% (12 chronic total occlusions). Technical success was 99%. The target lesions were treated with IVL ONLY in 77% of
cases, whereas IVL + STENT was employed in the remaining 23% of the cases (provisional stenting, 11%; planned stenting,
129%). Mean residual stenosis was 14.95% = 14% at final angiogram. Extravascular ultrasound with improved imaging (bi-
triphasic in place of monophasic/blunted ipsilateral common femoral artery waveform), and/or decreased translesional
gradient pressure (mean, —71%) were detected in all IVL ONLY cases. Primary patency and assisted primary patency at
24 months were 95% (95% confidence interval, 85.1%-98.1%) and 98% (95% confidence interval, 929%-99.5%), respectively,
whereas secondary patency was 100%. Primary patency showed no statistically significant difference (P = 24) between
the IVL ONLY and IVL 4+ STENT groups. There was one iliac rupture and no distal embolization. Longer target lesions (P =
24) were significantly related to target lesion revascularization.

Conclusions: VL is a safe and effective treatment option for calcific iliac occlusive disease. This multicenter experience
shows promising mid-term results in terms of primary patency despite the very low stenting rate, preserving future
treatment options. Further studies are needed to confirm these findings. (J Vasc Surg 2025;m:1-9.)
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economic burden. One-third of all PAD cases in the

concern that significantly affects the quality of life for
millions of people worldwide and imposes a high

United States are due to aortoiliac occlusive disease
(AIOD)."?
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Recent evidence and advancements in stent technol-
ogy support endovascular treatment for most AIOD,
challenging the TransAtlantic Inter-Society Consensus Il
(TASC 1) that previously recommended surgery for
TASC Il C and D lesions.”

The American and European Societies of Vascular Sur-
gery now recommend selective or primary stenting for
iliac artery stenosis or occlusions, respectively, in patients
with claudication.*®

Intravascular lithotripsy (IVL) has been proposed to
address calcific lesions and improve the safety and effi-
cacy of AIOD stenting. The Disrupt PAD Il study,” with
nearly 100 patients with a 30-day follow-up, shows that
in calcific AIOD, IVL with adjunctive stenting is preferred
over the “leave nothing behind” approach commonly
used in the femoro-popliteal segment.'®" The primary
indication for IVL in these studies was vessel preparation,
as no studies currently support its use as a stand-alone
therapy.

Stenting in the calcified iliac arteries presents unique
challenges due to anatomical complexities. The neces-
sity for bilateral “kissing” stents at the aortic bifurcation,
often required in cases of extensive disease, adds proce-
dural complexity and may inhibit future procedures (up-
and-over access technique). The exclusion of collateral
branches during stent placement can compromise
collateral circulation. Furthermore, severe bending in
the distal iliac segment could lead to future stent frac-
tures and occlusions. These factors, in addition to the
risk of stent recoil and/or suboptimal stent expansion,
underscore the importance of exploring alternative or
adjunctive therapies to optimize treatment strategies
for AIOD.

This study aimed to evaluate the mid-term outcomes of
patients with calcified iliac lesions treated with IVL, with
or without adjunctive stenting, and to propose a new al-
gorithm guiding these different treatment strategies.

METHODS

Study design and patient selection. The IVLIAC (IVL in
ILIAC arteries) registry is a multi-center, retrospective
analysis of prospectively collected data. All consecutive
patients treated with the M5/M5" VL catheter (Shock-
wave Medical) for calcified iliac arteries between
February 2021 and May 2024 at four centers (>15 patients
per site) were included.

IVL was indicated for clinically relevant iliac occlusive
disease (Rutherford category =3) in patients with calci-
fied iliac lesions (stenosis =70% or chronic total occlusion
[CTOI), confirmed through baseline clinical examination
and duplex ultrasound (DUS).

All target iliac lesions were further characterized using
computed tomography angiography (CTA) to assess the
complexity of calcium burden and to allow for accurate
preoperative planning. Patients with in-stent restenosis,
concomitant iliac aneurysms, prior aortoiliac surgery,
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ARTICLE HIGHLIGHTS

- Type of Research: A multicenter retrospective study
of prospectively collected data

Key Findings: A total of 100 calcified iliac lesions in
86 patients were treated with intravascular litho-
tripsy (IVL) alone in 77% of cases and IVL with adjunc-
tive stenting in 23%. At 24 months (median follow-
up, 20 months), primary and assisted primary
patency rates were 95% and 989%, respectively,
whereas secondary patency was 100%.

Take Home Message: With promising mid-term out-
comes, high primary patency, and a minimal stent-
ing rate, IVL expands endovascular strategies for
iliac occlusive disease and enables a “leave nothing
behind” approach even in this anatomical region.

use of iliac IVL to facilitate aortic endograft delivery, or
use of other calcium modification tools (eg, atherec-
tomy), were excluded. However, those with concomitant
PAD of the infrainguinal vessels were included. Decisions
regarding infrainguinal treatment indication, the choice
of endovascular or surgical approach, and perioperative
management were made at the discretion of each
participating center following international PAD guide-
lines.*®

Follow-up assessments, including clinical examination,
ankle-brachial index, and DUS, were scheduled at 1, 6,
and 12 months, and annually thereafter, with earlier
assessment in cases of clinical worsening. A second
CTA was not mandatory to plan target lesion revascular-
ization (TLR). Dual antiplatelet therapy was prescribed for
at least 2 months, then continued with lifelong aspirin
(100 mg) or clopidogrel (75 mg). Patients on oral antico-
agulation received a single additional antiplatelet agent
for at least 2 months post-procedure.

A single antiplatelet therapy was prescribed in the IVL
ONLY group in cases of high bleeding risk. Clinical, de-
mographic, and imaging data were prospectively
collected and retrospectively analyzed in accordance
with local ethics committee requirements and the
Declaration of Helsinki. All patients provided informed
consent before the intervention.

Procedural protocol. All procedures were performed
by experienced vascular surgeons in either an angio-
graphic suite or a hybrid theatre. A consultant vascular
anesthetist evaluated each patient preoperatively,
tailoring anesthesia based on the planned procedure,
institutional protocols, and patient comorbidities. Gen-
eral anesthesia was preferred for open surgery (eg, com-
mon femoral artery [CFA] endarterectomy), whereas
local anesthesia was preferred for endovascular proced-
ures. A 6Fr or 7Fr percutaneous access (single or double
femoral, or brachial) was selected based on the need
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Fig. Algorithm showing intravascular lithotripsy (/VL) indication in case of calcified iliac stenosis and chronic total
occlusion (CTO). CFA, Common femoral artery; CIA, commmon iliac artery; EIA, external iliac artery; EVUS, extra-

vascular ultrasound; POBA, plain old balloon angioplasty.

for multiple access points, the type of CTO recanalization
(antegrade or retrograde), and the location of the target
lesion.

The Shockwave Medical Peripheral IVL System has
been previously described.®'” The M5/M5™ IVL catheters
are 60 mm in length and are available in diameters
ranging from 3.5 to 8.0 mm (M5 up to 8 mm, available
since October 2021).

Both intraluminal and subintimal CTO crossing were
considered suitable for IVL. In cases of tight stenosis or
CTOs, predilatation with a 3 to 3.5 mm plain old balloon
angioplasty was performed to facilitate IVL delivery. In
multiple lesions, at least one-half of the 300 available
pulses were typically delivered to the main lesion. In
cases of aortic bifurcation and bilateral common iliac dis-
ease, a kissing balloon technique was used, either with
IVL and plain old balloon angioplasty (switching sides af-
ter one-half of the pulses) or double IVL. The number of
pulses delivered for each lesion was adjusted based on
whether stenting was intended as a provisional or
planned option. In general, most pulses were delivered
to the target lesions, whereas IVL stand-alone treatment
was considered in selected cases (Fig).

Algorithm: to stent or not stent. The Fig shows the al-
gorithm for using IVL in iliac lesions.

(1) Calcified iliac stenosis: IVL is indicated as either a
stand-alone therapy or as vessel preparation prior
to provisional stenting.

The decision is guided by angiographic findings, extra-
vascular ultrasound (EVUS) and translesional gradient
pressure measurements.>">'* If, after IVL treatment, the
duplex waveform improves (eg, from monophasic/blunt-
ed to biphasic/triphasic at the level of the CFA) and/or
the translesional gradient pressure at rest decreases
to <10 mm Hg or <80% of baseline, then IVL stand-
alone therapy may be appropriate. This strategy is partic-
ularly indicated where stenting would be suboptimal,
such as at the iliac bifurcation, in the distal external iliac
artery (EIA), or when attempting to avoid unnecessary
kissing stents in the presence of a healthy contralateral
common iliac artery (CIA). However, residual stenosis
>40%, post-IVL flow limiting dissection, plaque recoil,
or the presence of thrombus indicates the need for pro-
visional stenting.*>'®

(2) Calcified iliac CTO: IVL is indicated as vessel prepa-
ration prior to planned stenting.*®

The number of pulses delivered depends on the cal-
cium burden and target lesion location, with the aim of
facilitating stent expansion and preventing recoil.
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Stent selection (balloon-expandable vs self-expandable)
is based on lesion location (CIA vs EIA) and plaque
morphology. Covered stents are preferred in the presence
of thrombotic plague components, which pose a higher
embolization risk. Conversely, bare metal stents are
favored to preserve collateral circulation (eg, hypogastric
artery) and minimize procedural costs.

Outcomes. The primary endpoint of this study was pri-
mary patency, defined as freedom from significant reste-
nosis or occlusion without the need for reintervention.
Secondary endpoints included assisted primary patency
and secondary patency, freedom from iliac complica-
tions (rupture, embolization, and flow-limiting dissec-
tion), freedom from major amputation, incidence of
major adverse events, and overall survival.

Definitions. The target lesions were divided into two
groups based on the final treatment (Fig and
Supplementary Fig 1, online only).

(1) IVL ONLY group received IVL stand-alone therapy.
(2) IVL + STENT group received IVL with adjunctive
stenting (provisional or planned).

Technical success was defined as residual stenosis of
less than 30% (IVL + STENT) or less than 40% (IVL
ONLY) in the absence of arterial perforation at the target
site. Procedural success was defined as technical success
with freedom from device- or procedure-related serious
adverse events. Clinical success was defined as an
improvement of one or more Rutherford classes at 1-,
6-, 12-, and 24-month follow-up compared with baseline.
Amputation-free survival was defined as the time until
major amputation of the index limb or all-cause death,
whichever occurred first. The target lesions were divided
into six segments, three for the CIA (CIAl: proximal; CIA2:
middle; CIA3: distal) and three for the EIA (EIAL: proximal;
EIA2: middle; EIA3: distal). The distal aorta and CFA were
considered adjunctive treatment areas and not primary
targets.

The calcification burden was graded based on arterial
wall calcium measured on preoperative CTA, using three
different classifications: 360° calcification grade (mild
[0°-90°], moderate [90°-180°], severe [180°-270°], concen-
tric [270°- 360°1)® Peripheral Arterial Calcium Scoring
Scale (PACSS) (I, unilateral calcification <5 cm; II, unilateral
calcification =5 cm; 1l bilateral calcification <5 cm; 1V,
bilateral calcification =5 cm'”), and Peripheral Academic
Research Consortium (PARC) (I, <180° [1 side of vessel]
and less than one-half of the total lesion length; I, <180°
[1side of vessel] and greater than one-half of the total lesion
length:; I1l, =180° [both sides of vessel at the same location]
and less than one-half of the total lesion length; IV, >180°
[both sides of the vessel at the same location] and greater
than one-half of the total lesion length).'®
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Target vessel dissections were categorized in six types
(A-F) based on the National Heart, Lung, and Blood Insti-
tute (NHLBI) classification. Flow-limiting dissections were
classified as follows: C, contrast outside vessel lumen
(persistent staining), D, spiral dissection, E, persistent
filling defects, F, impaired flow to total occlusion.'®*°

Significant restenosis was defined as a peak systolic ve-
locity ratio >2.0 on DUS within the target lesion. Second-
ary patency was defined as restored flow in the treated
segment after occlusion or restenosis. Major amputation
was defined as any above-ankle amputation. Major
adverse events were defined as any clinical event leading
to persistent or significant disability, requiring surgical or
percutaneous intervention, or resulting in prolonged
hospitalization.

Statistical analysis. Continuous variables are presented
as mean = standard deviation or median (interquartile
range), whereas categorical data are reported as counts.
Comparisons between subgroups were performed using
the Student t-test or Mann-Whitney U test according to
the distribution of continuous variables, and the Fisher
exact test for categorical variables. Cumulative primary
and assisted primary patency were estimated by
Kaplan-Meier curves. Univariate analysis was performed
comparing cases with TLR vs cases without TLR to iden-
tify statistically significant differences between groups.
The significant variables were included in Cox regression
analyses to determine risk factors for TLR. The subgroups
of IVL with or without adjunctive stenting were analyzed.

A Pvalue = .05 was considered statistically significant.
All analyses were conducted using R (version 361 R
Foundation for Statistical Computing, 2020; available
at: https://www.R-project.org).

RESULTS

Baseline characteristics. A total of 86 patients with 100
calcified iliac arteries were included in the study. Demo-
graphic data are summarized in Table |. The majority of
patients were male (61%) and smokers (66%), with a
mean age of 74 = 9 years. Most had arterial hypertension
and dyslipidemia. Most patients had critical limb
ischemia (CLI) (55%) and TASC C/D lesions (83%). Target
lesion characteristics are outlined in Table Il. Most lesions
(88%) were stenotic with a mean stenosis of 84% *+ 10%,
whereas 12% were CTOs. The mean lesion length was
41 £ 29 mm.

Calcium burden was severe according to three different
classifications: 75% of lesions had a 180° to 360° arc calci-
fication; 68% were classified as PACCS 3 to 4, and 72% as
PARC 3 to 4. Additionally, 31% were concentric calcific le-
sions. Most target lesions (72%) were located in either the
proximal or distal CIA or EIA. One-quarter of lesions (26%)
involved both the CIA and EIA, whereas 56% extended
across at least two iliac segments.
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Table I. Baseline demographics, risk factors, and clinical
presentation

lliac arteries treated 100

Age, years 74 + 8.6

Hypertension 78 (91)

Active smoking 57 (66)

CAD 38 (44)

CKD 18 (21)

CLI 55 (55)

Stage 3 45 (45)

Stage 5 29 (29)

ABI 047 £ 016

Procedural and 30-day outcomes. Clinical and proce-

dural characteristics are described in Table Ill. The
target lesions were treated with IVL ONLY in 77% of cases
and IVL + STENT in 23% (provisional stenting, 11%; plan-
ned stenting, 12%; bare metal stents, 13%; covered stents,
10%). Predilatation was performed in 45% of cases.

Technical and procedural success rates were 99% and
98%, respectively. The mean residual stenosis at the final
angiogram was 15% = 14%. The completion functional
assessment was conducted in all IVL ONLY cases and
was determined by an improved EVUS signal (bi- or tri-
phasic waveform at the level of the ipsilateral CFA) and/
or significant reduction in translesional pressure gradient
mean decrease, 71%).

No significant differences were observed between the
IVL ONLY and IVL 4+ STENT groups in terms of intraproce-
dural outcomes, including residual stenosis and gradient
pressure (Table V).

A single IVL catheter was used in 89% of cases, with a
mean oversizing of 0.92 = 0.6 and very low inflation
pressure (3.6 = 0.3 ATM). No embolic protection devices
were used. Twelve patients had bilateral CIAl target le-
sions, with only one (8.3%) receiving kissing stents. Com-
plications were minimal: one iliac rupture, no distal

—
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Table Il. Target lesion characteristics

Length, mm 41 = 29

MLD, mm 2312

CIA + EIA 26 (26)

Middle CIA 32 (16)

Proximal EIA 31 (15)

Distal EIA 23 (1)

Adjunctive distal abdominal aorta 6 (6)

TASC Il class

B 15 (15)

D 46 (46)

1 17 (17)

3 49 (49)

Circumferential calcium grade

Moderate (90°-180°) 25 (25)

Concentric (270°-360°) 31 (31)

1 8 (8)

) 37 (37)

embolization, five flow-limiting dissections, and one
recoil, all of which were successfully treated with addi-
tional stenting. The iliac rupture occurred in one of the
earliest cases, with a tight concentric stenosis treated
without predilatation, with an IVL nominal pressure of 4
ATM, and suboptimal IVL sizing (target lesion located at
iliac bifurcation with a wide mismatch of iliac diameter).
A covered stent (Viabahn VBX; W. L. Gore & Associates

~—
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Table lll. Clinical and procedural characteristics

Variable Data
Clinical follow-up, months (range) 21 = 11 (1-45)
Technical success 99 (99)
Procedural success 98 (98)
Device success® 100 (100)
5/5.5/6/6.5 mm IVL, % 32
7 mm IVL, % 29
8 mm IVL, % 39
IVL oversizing (range) 092 = 0.16
(0.6-1.4)
IVL pulses/iliac axis 224 + 84
IVL ATM/cycle 36 =03
Kissing stent 1(83)
Bare metal stents 13 (13)
Covered stents 10 (10)
Balloon-expandable stents 13 (13)
Self-expandable stents” 10 (10)
Predilatation 45 (45)
TL residual stenosis at completion 14 =13
angiogram, %
Pre-treatment monophasic waveform at 95
ipsilateral CFA (EVUS), %
Bi-triphasic waveform at ipsilateral CFA (EVUS) 95
at completion angiogram, %
Pre-treatment translesional gradient pressure, 31 =12
mmHg
Translesional gradient pressure at completion 96 = 65
angiogram, mmHg
Femoral access 88 (88)
Brachial access 12 (12)
Percutaneous access 59 (59)
Adjunctive procedures
CFA IVL 1 (1)
CFA endarterectomy 32 (32)
SFA IVL 2 (2)
Femoro-popliteal bypass® 4 (4)
Complications
Percutanous access site complication 1(1.7)
Flow-limiting dissection 51(5)
Distal embolization 0 (0)
lliac rupture 1(1)

CFA, Common femoral artery; EVUS, extravascular ultrasound; VL,
intravascular lithotripsy: SFA, superficial femoral artery; TL, target lesion.
Continuous data are presented as the mean * standard deviation;
categorical data are presented as number (%).

2Device success is defined as successful device delivery.

PDouble self-expandable stent in one case.

€All with associated CFA endarterectomy.

was placed between the CIA and EIA to control the
bleeding, resulting in hypogastric artery occlusion. No
claudicant patients received adjunctive infrainguinal
procedures. Most of the patients with CLI (81%) received
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surgical or endovascular femoro-popliteal treatment
(Table I11). One case of access-site bleeding required rein-
tervention. No major adverse events or deaths were re-
ported within the first 30 days (Table IlI).

Mid-term outcomes. The median follow-up time was
20 months (range, 1-45 months). Primary patency and
assisted primary patency at 24 months were 95% (95%
confidence interval [Cl], 85%-98%) and 98% (95% ClI,
92%-99.5%), respectively, whereas secondary patency
was 100%. There were no statistically significant differ-
ences between the IVL ONLY and IVL + STENT groups in
terms of primary patency (P = .24) or any other clinical
outcomes, including assisted primary patency (P = .43),
amputation-free survival (P = .68), and overall survival
(P = 30) (Supplementary Fig 2, online only).

Two target vessel occlusions (2%) and two significant
restenoses (2%) were revascularized, resulting in freedom
from TLR of 95% (95% CI, 85%-98%) at 45 months. No
additional occlusions or restenoses with clinical wors-
ening occurred. The occlusions were treated with pri-
mary stenting, whereas the restenosis cases were
managed with appropriately sized IVL stand-alone ther-
apy. The Supplementary Table (online only) describes
preoperative, procedural, and post-procedural character-
istics of TLRs.

Clinical success was achieved in 100%, with most pa-
tients experiencing a two-class improvement in Ruther-
ford classification from baseline throughout follow-up
(Supplementary Fig 3, online only). Complete wound
healing was achieved in all patients within 12 months,
except for one case (1%) that resulted in major amputa-
tion after 6 months. Amputation-free survival and overall
survival rates at 24 months was 90% (95% Cl, 82%-94%)
and 91% (95% Cl, 83%-95%), respectively. Univariate anal-
ysis comparing cases with and without TLR was per-
formed (Table V). Longer target lesion length (hazard
ratio, 1.02; 95% ClI,1.00-1.04; P =.024,) and greater residual
stenosis (hazard ratio, 1.06; 95% CI, 1.01-1.11; P = .024) were
significantly associated with TLR.

DISCUSSION

The IVLIAC registry represents the first multicenter eval-
uation of IVL in severely calcified iliac arteries, reporting
mid-term outcomes. The key findings are:' IVL can be
used as a stand-alone therapy or as vessel preparation
for stenting, following a structured algorithm? IVL is
safe and effective for symptomatic, complex iliac occlu-
sive disease®; mid-term outcomes are comparable to
previous studies that explored alternative treatment stra-
tegies, despite the high prevalence of severe calcifica-
tions and CLI in our cohort.”"?

Calcium remains a major challenge in the endovascular
treatment of iliac artery disease, affecting both proce-
dural and long-term outcomes?* A debate regarding
the use of covered stents vs bare metal stents has
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Table IV. Clinical presentation, anatomical and procedural factors in the intravascular lithotripsy (/VL) ONLY and IVL +
STENT groups

CLI 1 (48) 44 (57) 43

PACSS 3-4 18 (78) 50 (65) 23

Reference vessel diameter, mm 7 (6.8-8) 8 (6.92-9) 23

TL stenosis, % 85 (80-90) 80 (75-90) .008

TL residual stenosis, % 5 (0-20) 15 (5-25) .08

ABI at discharge 0.9 (0.7-1) 0.7 (0.7-0.9) .019

Postoperative gradient pressure, mmHg 0 (0-5) 10 (5-15) 17

Adjunctive infrainguinal endovascular repair 5 (22) 8 (10) 15

Table V. Cox regression analysis for target lesion recanalization

CKD 18 (0] .53

Total lesion length, mm 30 (20-52) 78 (69-92) .024 1.02 1.00-1.04

Target lesion stenosis, % 80 (80-90) 90 (85-91) .65

Preoperative ABI 0.5 (0.3-0.6) 0.42 (0.3-0.5) 42

Postoperative gradient pressure, mmHg 10 (5-10) 20 (15-20) .05

emerged, based not only on the lesion extent but also on
the presence of calcium.*

threatening ruptures, especially when high-pressure bal-
loons are used.

Covered stents are recommended to prevent complica-

The introduction of IVL has led to a re-evaluation of
standard approaches such as primary stenting, which,
although effective, is susceptible to stent recoil and
underexpansion in heavily calcified vesselsf Further-
more, extensive calcifications increase the risk of life-

Stent selection (ballon-expandable vs self-expandable,
bare metal vs covered) usually depends on lesion loca-
tion, each with inherent trade-offs (radial force vs
flexibility).

However, no single stent is ideal for all calcified iliac le-
sions, and unnecessary stenting, especially at bifurcation
or when covering key branches (eg, internal iliac artery),
should be avoided. Compared with thrombotic and
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fibrotic plaques, calcified lesions tend to be more stable
over time, making a ‘leave nothing behind” approach
feasible with IVL>7?®

In the IVLIAC registry, only 23% of cases required stent-
ing after IVL, a significant reduction compared with the
78% reported by Armstrong et al.® The high safety profile
of IVL reinforces its advantage over other approaches.
Importantly, mid-term primary patency (95%) was excel-
lent in both the IVL ONLY and IVL + STENT groups.

Previous research supported the versatility of IVL as a
vessel preparation tool, but the decision-making process
for adjunctive stenting remains understudied. We pro-
pose a structured algorithm based on lesion type (steno-
sis vs CTO) and intraoperative functional assessments
(EVUS and pressure gradient) to determine whether
stenting is necessary.>'> The impact of sonic pressure
waves improves vessel compliance and luminal gain,
but such modifications may not always be evident on
digital subtraction angiography alone. Intraoperative
functional assessments play a crucial role in determining
whether IVL alone is enough.

Avoiding unnecessary iliac stenting preserves future
treatment options, such as sparing unwarranted scaf-
folding of non-diseased arteries (eg, kissing stents in a
healthy contralateral iliac artery) or stenting in subopti-
mal locations (diameter mismatch among multilevel
segments or high-flexible regions such as inguinal liga-
ments). This is extremely important, given that 72% of
target lesions in this study were located at the proximal
or distal portion of each iliac segment.

IVL as a vessel preparation strategy enhances the safety
and efficacy of iliac stenting in challenging cases (calcific
CTOs, extensive disease) and expands treatment options
by allowing for the use of spot stenting, single stents, or
bare metal stents instead of kissing stents, multiple
stents, or covered stents, respectively.

These advantages benefit both younger and older pa-
tients, whether claudicants or those with CLI, as future in-
terventions are often required in this population. This
new protocol could simplify the treatment of calcified
AIOD, minimizing unnecessary stenting while maintain-
ing strong patency rates.

Mid-termm comparisons of a ‘leave nothing behind”
approach remain scarce in the literature, especially
because severely calcified lesions are often excluded
from these studies. Moreover, a unified classification sys-
tem for calcific lesions is lacking, despite the two scoring
systems that were recently proposed for complex access
in aortic endografting and transcatheter aortic valve
repair.22>°

The clinical and procedural outcomes in this study
might have been further improved if 10% IVL oversizing,
as recommended by Shockwave's instructions for use,
had been consistently achieved.®”' However, this was
often not possible, as M5/M5+ catheters are limited to
a maximum diameter of 8 mm. Many cases involved
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long diseased segments with significant diameter
mismatch between the proximal CIA and distal EIA,
leading to suboptimal IVL sizing. This may explain why
shorter calcified lesions had the best outcomes in the
IVLIAC registry. The recent introduction of the new
Shockwave L6 catheter, available in 8 to 12 mm diame-
ters, could help overcome this limitation, optimizing en-
ergy delivery and pulse utilization for the most
challenging lesions. This device could further refine a
customized “leave nothing behind” approach whenever
feasible.

Future research should focus on larger and prospective
trials to validate these findings and to refine the algo-
rithm for adjunctive stenting after IVL, further solidifying
IVL's role in treating calcified AIOD.

Limitations. Although this study presents promising
mid-term outcomes, several limitations should be
acknowledged. The IVLIAC study is a multicenter, retro-
spective single-arm study with no control arm. Data were
site-reported; imaging evaluation (CTA, angiogram,
EVUS) was not reviewed by a core laboratory. Addition-
ally, all consecutive cases were included without ac-
counting for learning curve or excluding the earliest
cases from each center (eg, the single case of iliac
rupture) to provide raw unfiltered data. Lastly, the retro-
spective design and the involvement of multiple opera-
tors introduce variability in protocol compliance.

CONCLUSIONS

IVL is a safe and effective option for calcified iliac occlu-
sive disease. When combined with a standardized algo-
rithm for intraoperative assessment, IVL may serve not
only as a vessel preparation technique but also as a
stand-alone therapy. As in other vascular regions, iliac
IVL helps preserve future treatment options, especially
in cases where iliac stent placement may be suboptimal.

IVL as a first-line strategy in iliac interventions allows for
avoidance of unnecessary stenting or optimizing stent
expansion, both of which contribute to favorable mid-
term outcomes. This multicenter experience demon-
strates promising primary patency rates despite a low
stenting rate. However, further prospective studies are
needed to confirm these findings and refine treatment
strategies.
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IVL ONLY

IVL + STENT

Supplementary Fig 1 (online only). Example case of intravascular lithotripsy (/VL) ONLY and IVL + STENT. (A-B)
Preoperative computed tomography angiography (CTA) and angiogram showing a calcified stenosis of the
proximal common right iliac artery; (B-C) Pre- and postoperative angiograms after IVL stand-alone therapy
without the need of a kissing stent; (D-E) Extravascular ultrasound (EVUS) showing preoperative (monophasic)
and postoperative (triphasic) right commmon femoral artery (CFA) waveforms in patient with left palpable femoral
and distal pulses. (F) Preoperative angiogram showing a bilateral calcified chronic total occlusion (CTO) of the
common iliac arteries (ClAs); (G-H) post bilateral IVL (5 cycles per side) and post kissing stent angiogram.
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Supplementary Fig 2 (online only). Kaplan-Meier curves showing primary and assisted primary patency of the

two groups (intravascular lithotripsy [IVL] ONLY, IVL + STENT). Cl, Confidence interval.
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Supplementary Fig 3 (online only). Distribution of Rutherford categories from baseline to 3 years follow-up.

Supplementary Table (online only). Preoperative, procedural, and post-procedural characteristics of target lesion revas-
cularization (TLR)

Occlusion 4 2 2 180°-270° 7 58 12 Yes No  +38% 8 CIA: IVL 20% 20 —  Stenting

Restenosis 23 2 2 180°-270° 7 6.8 12 Yes No -12% 5 CIA: IVL 40% = —  Properly
EIA: IVL sized
IVL
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