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ABSTRACT

Background: Intravascular lithotripsy (IVL) is increasingly used to treat coronary artery calcification (CAC). This study aimed
to identify clinical and procedural factors associated with IVL treatment success.

Methods: This retrospective analysis included 454 patients (73 + 9 years, 75% male) treated with IVL from the multicenter
BENELUX-IVL registry (May 2019 to February 2024). Treatment success was defined as achieving residual coronary diameter
stenosis <30% and luminal gain, assessed by quantitative coronary analysis (QCA). Linear and binary logistic regression
analyses were performed to identify factors associated with these outcomes.

Results: The mean luminal gain was 1.9 + 0.9 mm, and residual diameter stenosis < 30% was achieved in 354 (90%) lesions.
Stenting after IVL for therapy completion (p <0.001), intracoronary imaging (ICI) guidance (p =0.024) and chronic total
occlusions (CTOs; p < 0.001) were associated with increased luminal gain, while bifurcation lesions (p = 0.029) were associated
with decreased luminal gain. Long (> 20 mm) lesions (p = 0.034) and post-IVL stenting for therapy completion (p = 0.041) were
associated with a residual diameter stenosis < 30%, while aorto-ostial lesions (p = 0.014) were negatively associated with this
outcome. Technical IVL parameters such as inflation pressure and number of pulses delivered were not significantly associated
with treatment success.

Conclusion: Stenting after IVL for therapy completion, ICI guidance and CTOs were associated with increased luminal gain,
while bifurcation lesions were linked to decreased luminal gain. Long lesions and post-IVL stenting for therapy completion
were associated with residual diameter stenosis < 30%, while the presence of aorto-ostial lesions was negatively associated with
this outcome. Technical IVL-related procedural factors did not significantly impact treatment success.

Abbreviations: CAC, coronary artery calcification; CTO, chronic total occlusion; ICI, intracoronary imaging; IVL, intravascular lithotripsy; IVUS, intravascular ultrasound; MACE, major adverse
cardiovascular events; NCB, non-compliant balloon; PCI, percutaneous coronary intervention; QCA, quantitative coronary analysis; TVR, target vessel revascularization.
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1 | Introduction

The presence of coronary artery calcification (CAC) is increas-
ingly common in patients undergoing percutaneous coronary
intervention (PCI), likely due to the higher age and higher bur-
den of comorbidities [1, 2]. The presence of CAC is associated
with lower procedural success rates, and worse long-term clinical
outcomes [1, 3-6]. Intravascular lithotripsy (IVL) has emerged as
an innovative technique designed to modify CAC, facilitating the
use and expansion of non-compliant balloons (NCBs) and stents,
ultimately aiming to improve patient outcomes [7]. IVL generates
shockwaves at low pressure from emitters within the balloon that
specifically target calcium deposits superficial and deep in the
vessel wall [8, 9]. The shockwaves cause fractures in the calcium
that enable further lesion preparation and treatment with NCBs
and stents, thereby improving luminal gain [7, 8, 10-12]. IVL has
been established as a safe and effective treatment option for
(severe) CAC before stent implantation [7]. Its ease of use and its
favorable procedural and clinical outcomes have led to the ex-
pansion of IVL's application across various clinical and ana-
tomical scenarios and in combination with different plaque
modification techniques. Despite its growing use, it remains
unclear which clinical and procedural factors influence treat-
ment success of IVL. It has been suggested that the number of
IVL pulses administered influence treatment effect and clinical
outcomes [13]. However, it remains unknown if other technical
factors related to IVL therapy, such as the inflation pressure of
the IVL-balloon and performance of pre- and post-dilation
influence outcomes. Treatment success is often assessed fluoro-
scopically during the intervention, using the reduction of residual

diameter stenosis to < 30% and luminal gain as key metrics [7].
This study aimed to identify clinical and procedural factors
associated with luminal gain and residual diameter stenosis
< 30% in an all-comers multicenter international registry.

2 | Methods

2.1 | Population and Data Collection

This retrospective analysis used data from the all-comers interna-
tional multicenter BENELUX-IVL registry (NCT06577038), in
which patients (> 18 years) who underwent PCI for CAC with IVL
were enrolled across seven centers in two European countries
between May 2019 and February 2024 [14]. IVL was performed in
all cases with the Shockwave IVL Coronary System (Shockwave
Medical, Santa Clara, California). Decision regarding technical as-
pects of the IVL-procedure (timing, balloon size, number of pulses
delivered, maximal inflation pressure) and further treatment strat-
egy (utilization of high-pressure pre- and post-dilatation, supple-
mentary stent placement, and use of intracoronary imaging (ICI) for
procedural optimization) were left to the operator's discretion.
Demographic, clinical, procedural and follow-up data were collected
from the hospital electronic records. Angiographic and ICI data
were analyzed in a centralized core-laboratory at the Leiden Uni-
versity Medical Center. The study was exempted by the Medical
Research Ethics Committee Leiden Den Haag Delft (reference
number: N22.199/HL/hl), and the retrospective analysis of clinically
collected data was approved by the local ethical committees at each
participating center (Central illustration 1).

Chronic total occlusion Stenting after IVL

Central illustration: Predictors of Luminal Gain and Residual Diameter Stenosis <30% after Intravascular Lithotripsy
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CENTRAL ILLUSTRATION 1. |
[Color figure can be viewed at wileyonlinelibrary.com]

Predictors of Luminal Gain and Residual Diameter Stenosis < 30% after IVL. IVL = intravascular lithotripsy.
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2.2 | Definitions and Imaging Analysis

Coronary angiograms were evaluated in a centralized core-
laboratory. Coronary artery disease complexity was graded ac-
cording to the SYNTAX score algorithm if all three vessels were
recorded [15]. CAC presence was determined by the operator
during the procedure both angiographically (fluoroscopic visibility
of radiopacities in the vessel wall at the site of stenosis and/or non-
compliant balloon underexpansion) and by ICI when available.
Angiographic CAC was scored none/mild, moderate (when the
radiopacities were only visible during the cardiac cycle before
contrast injection) or severe (when the radiopacities were apparent
without cardiac motion before contrast injection) [16, 17]. On
intravascular ultrasound (IVUS) CAC was defined as a hyperechoic
signal with acoustic shadowing, while on optical coherence
tomography (OCT) CAC appeared as a signal-poor area with
sharply delineated borders [5, 6, 17, 18].

Quantitative coronary analysis (QCA) and ICI were retrospectively
analyzed offline to evaluate luminal gain following IVL. QCA was
performed pre-IVL and post-IVL and stenting, using Medis Suite
QCA (2D/3D) software (Medis Suite 4.0.24.4; Medis Medical
Imaging System BV, Leiden, The Netherlands). Measurements
included minimum lumen diameter (minimum LD), minimum
lumen area (minimum LA), percentage diameter stenosis
(percentage DS) and percentage area stenosis (percentage AS).
Luminal gain was defined as the change in minimum LD before
IVL and after therapy completion on QCA. Stenting after IVL for
therapy completion refers to the placement of stents following IVL,
often accompanied by additional lesion preparation such as balloon
dilatation, to optimize procedural outcomes. Treatment success was
defined as achieving a residual diameter stenosis < 30% and luminal
gain, as determined by QCA. ICI was used for procedural optimi-
zation pre-IVL for lesion assessment and treatment planning,
directly after IVL to assess treatment success (by assessing calcium
fractures) and following stenting to evaluate stent expansion and
apposition. Analysis of IVUS and OCT was performed using QCU-
CMS 4.69 (Leiden University Medical Center, Leiden, The
Netherlands).

2.3 | Study Endpoints

The primary endpoint was treatment success, defined as achieving
a residual diameter stenosis < 30% and luminal gain (analyzed as a
continuous variable), as assessed by QCA. Secondary endpoints
included the occurrence of major adverse cardiovascular events
(MACE), defined as the composite of cardiac death, non-fatal target
vessel myocardial infarction or clinically driven target vessel
revascularization (TVR) and complications. Complications were
assessed by the treating physician and documented in the patient
records. They were considered IVL-related if they occurred
immediately following the IVL-treatment. This classification was
validated by a systematic retrospective analysis of the coronary
angiograms by the centralized core lab.

2.4 | Statistical Analysis

Continuous variables are presented as either the mean + standard
deviation or median with interquartile range (25th—75th

percentile), as appropriate. Categorical variables were reported as
frequencies and percentages. Kaplan—Meier analysis was per-
formed to estimate cumulative survival free of MACE at 1-year
follow-up and the results were compared between groups using the
log-rank test. Cox-regression analysis was used to estimate the
hazard ratio (HR), with results reported as HR with 95% confidence
intervals (CI) and p values. Based on clinical relevance, the re-
lationships between selected clinical and procedural variables
and lumen diameter gain and residual diameter stenosis < 30%, as
measured by QCA, were analyzed using univariable linear and
binary logistic regression, respectively. Variables with a p <0.2 on
univariate analysis were entered in multivariable models to account
for potential confounding factors and identify factors independently
associated with luminal gain and residual diameter stenosis < 30%.
Results from the linear regression models are presented as stan-
dardized coefficients (beta) with 95% CI and p-values, while the
binary logistic regression results are reported as odds ratios (OR)
with 95% CI and p values. Statistically significance was defined as a
two-sided p <0.05. All statistical analyses were performed with
SPSS for Windows version 25.0 (IBM, Armonk, New York).

3 | Results

3.1 | Baseline and Procedural Characteristics

The patient cohort consisted of 454 patients (73.2 + 9.0 years and
75% male) with a total of 477 calcified lesions treated with IVL. The
baseline characteristics of the included patients are summarized in
Table 1, and the lesion and procedural characteristics in Table 2.
252 patients (56%) presented with chronic coronary syndrome, ac-
cording to the ESC guidelines [19]. A wide variety of target lesions
were treated, including chronic total occlusions (CTO) (n = 33, 7%),
bifurcations (n=111, 23%), aorta-ostial (n=96, 20%), long
(>20mm) (n=306, 64%) and in-stent (n=168, 35%) lesions
(n =81, 17% were bail-out after stenting). The mean SYNTAX score
was 22.0 + 13.6. The left anterior descending artery (LAD) (n = 212,
44%) was the most frequently treated target vessel.

The mean IVL balloon diameter had a mean diameter of
3.5+ 0.5mm and delivered a median of 80 (60-80) pulses to the
target lesion. In the majority of target lesions, high-pressure pre-
and post-dilatation was performed (93% and 94% respectively).
Additional plaque modification techniques were employed in 77
(16%) cases, with rotational atherectomy being the most frequently
used (n=62, 13%). The post-IVL treatment consisted of stent
implantation (n=369, 77%) and use of a drug-coated balloon
(n =134, 7%). ICI was performed for procedural optimization in 249
(52%) target lesions. 186 (39%) recordings were made pre-IVL—167
(35%) and 206 (43%) recordings were made post-IVL (Table 2).

3.2 | Procedural Outcomes

QCA analysis, available in 408 lesions (86%), demonstrated sig-
nificant improvements in minimum LD (p < 0.001) and percent-
age DS (p <0.001) after IVL and stenting, with an overall mean
diameter gain of 1.9 + 0.9 mm (Supplementary Table 1). Data on
the residual diameter stenosis were available in 394 lesions (83%),
with residual diameter stenosis < 30% achieved in 354 (90%)
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TABLE 1 | Baseline demographics and medical history.

TABLE 2 | Procedural and lesion characteristics.

Overall (n =477)

Overall
(n=454)

Age, years 73.2+9.0
Male, n (%) 342 (75)
Diabetes, n (%) 152 (34)
Hypertension, n (%) 315 (69)
Hypercholesterolemia, n (%) 238 (52)
Family history of CAD, n (%) 115 (25)
Chronic kidney disease 138 (30)
(GFR < 60 mL/min/1.73 m?), n (%)
Syntax score 22.0+13.6
Fluoroscopic calcification (n = 322)

Not possible, n (%) 46 (14)

None/mild, n (%) 20 (6)

Moderate, n (%) 25 (8)

Severe, n (%) 231 (72)
Left ventricular ejection 44.0+13.0
fraction (n =345)

Good (> 50%) 218 (63)

Reasonable (30%—50%) 93 (27)

Poor (20%—30%) 17 (5)

Very poor (< 20%) 3(1)

Unknown 14 (4)
Smoking history, n (%) 194 (43)
Previous stroke, n (%) 71 (16)
Previous M1, n (%) 170 (37)
Previous PCI, n (%) 211 (47)

Previous CABG, n (%) 87 (19)

Clinical presentation

Chronic coronary syndrome, n (%) 252 (56)
Acute coronary syndrome, n (%) 202 (44)
Unstable angina, n (%) 56 (12)
NSTEMI, n (%) 114 (25)
STEMI, n (%) 32(7)

Abbreviations: CABG = coronary artery bypass graft surgery, CAD = coronary
artery disease, MI = myocardial infarction, NSTEMI = non-ST-segment elevation
myocardial infarction, PCI = percutaneous coronary intervention, STEMI = ST-
segment elevation myocardial infarction.

lesions. Similarly, ICI showed significant improvements in Min-
imum LD (p <0.001) and percentage DS (p < 0.001) (Supporting
Information S1: Table 1). Complications occurred in 29 (6%) pa-
tients, of which 6 (1%) were IVL-related (Table 3).

3.3 | Clinical Outcomes

The median follow-up was 365 (166—365) days, with complete
1-year follow-up present in 283 (62%) patients. MACE was

Target vessel

LM, n (%) 57 (12)

LAD, n (%) 212 (44)

LCx, n (%) 75 (16)

RCA, n (%) 169 (35)

SVG, n (%) 4

Lesion characteristics

Bifurcation, n (%) 111 (23)

Ostial, n (%) 96 (20)

Tortuous, n (%) 9(2)

CTO, n (%) 33 (7)

Long (> 20 mm), n (%) 306 (64)

In-stent, n (%) 168 (35)

IVL

Balloon diameter, mm 3.5+0.5

Number of pulses 80 (60—80)

Pre-dilatation, n (%) 441 (93)
Pre-dilatation balloon 35+2.6
diameter, mm
Pre-dilatation balloon maximum 19.4+4.6
pressure (atm)

Post-dilatation, n (%) 448 (94)
Post-dilatation balloon 4.0+24
diameter, mm
Post-dilatation balloon 19.7+ 4.6
maximum pressure (atm)

IVL after stenting (bail-out), n (%) 81 (17)

ICI performed, n (%) 249 (52)
Pre-IVL, n (%) 186 (39)
Post-IVL, n (%) 206 (43)

Other plaque modification 77 (16)

technique used, n (%)

Pre-IVL 69 (15)

RA, n (%) 62 (13)

Cutting balloon, n (%) 5(1)

Scoring balloon, n (%) 1 (0.2)

OPN balloon, n (%) 1(0.2)

Post-IVL 9(2)

RA, n (%) 5(1)

Cutting balloon, n (%) 1 (0.2)

OPN balloon, n (%) 3 (0.6)

Treatment after IVL
Stent implantation, n (%) 369 (77)

Stent diameter, mm 3.5 (3.5—4.0)

(Continues)
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TABLE 2 | (Continued)

Overall (n =477)

Stent length, mm 38 (24—60)

Drug-coated balloon, n (%) 34(7)
Procedural time, min 94.5 + 82.5
Fluoroscopy time, min 29.1+18.8
Contrast volume, mL 186.4 + 76.9

Abbreviations: CTO = chronic total occlusion, ICI = intracoronary imaging, IVL =
intravascular lithotripsy, IVUS = intravascular ultrasound, LAD = left anterior
descending artery, LCx =left circumflex artery, LM = left main, OCT = optical
coherence tomography, OPN = ultra-high pressure balloon, RA = rotational
atherectomy, RCA = right coronary artery, SVG = saphenous venous graft.

TABLE 3 | Procedural complications.
Overall
(n=454)
Complications, n (%) 29 (6)
Dissection, n (%) 10 (2)
Perforation, n (%) 72)
Slow flow, n (%) 1 (0.2)
No reflow, n (%) 1(0.2)
Abrupt vessel closure, n (%) 4 (1)
Hemodynamic instability, requiring 7 (2)
intervention, n (%)
Reanimation status, n (%) 5()
Other, n (%) 3
Directly related to IVL, n (%) 6 (1)
Dissection, n (%) 2 (0.4)
Abrupt vessel closure, n (%) 1(0.2)
Hemondynamic instability, n (%) 2(0.4)
Reanimation status, n (%) 1(0.2)
Ventricular fibrillation, n (%) 1(0.2)

Abbreviation: IVL = intravascular lithotripsy.

observed in 37 (13%) patients, of which 10 (2%) events occurred
before discharge. The majority of events were clinically driven
TVR (n =23, 8%), followed by 11 (4%) cardiac deaths and 10
(4%) non-fatal target vessel myocardial infarctions. Importantly,
patients with a residual diameter stenosis < 30% had a lower
TVR rate at 1-year follow-up (p = 0.014) compared to patients in
whom a residual diameter stenosis <30% was not reached
(Figure 1). Additionally, Cox-regression analysis demonstrated
that achieving residual stenosis < 30% significantly decreased
the risk of TVR at 1-year follow-up (HR=0.320, 95% CIL:
0.114—-0.898; p = 0.030).

3.4 | Predictors of Treatment Success

On multivariate linear regression analysis, stenting after IVL for
therapy completion (p <0.001), ICI guidance (p =0.024) and
CTOs (p < 0.001) were independently associated with increased
luminal gain, while bifurcation lesions (p = 0.027) were linked

to decreased luminal gain. In contrast, technical procedural
parameters as IVL inflation pressure (p = 0.599) and number of
pulses administered (p=0.412) were not associated with
luminal gain (Table 4). In multivariate binary logistic regres-
sion, long-segment lesions (p = 0.034) and stenting after IVL for
therapy completion (p = 0.041) were associated with increased
likelihood of achieving a residual diameter stenosis < 30%,
while the presence of an aorta-ostial lesion (p =0.014) was
significantly associated with a reduced likelihood of achieving
this outcome. Other procedural parameters related to IVL or
concomitant strategies did not significantly impact the likeli-
hood of achieving a residual diameter stenosis < 30% (Table 5).

4 | Discussion

This study evaluated clinical and procedural factors, influencing
treatment success following IVL-therapy, using data from the
multicenter, international, all-comers BENELUX-IVL Registry.
The key findings are: (1) a residual diameter stenosis < 30% was
more likely in long-segment lesions and when post-IVL stenting
for therapy completion was performed, but less likely in aorta-
ostial lesions; (2) CTOs, post-IVL stenting for therapy comple-
tion and ICI-guidance were linked to increased luminal gain,
while bifurcation lesions were associated with decreased lumi-
nal gain and (3) technical IVL-related parameters, such as the
inflation pressure and the number of pulses delivered, as well as
other procedural parameters, including pre- and post-dilatation
and plaque modification alongside IVL did not significantly
impact treatment success.

Overall, IVL demonstrated favorable results, achieving residual
diameter stenosis < 30% in 90% of lesions and a mean luminal
gain of 1.9+ 0.9 mm. At 1-year follow-up, MACE occurred in
13% of patients, and was primarily driven by TVR. These pos-
itive procedural and clinical outcomes align with previous IVL
studies [7, 20]. Notably, patients in whom residual diameter
stenosis < 30% was achieved, had lower rates of TVR at 1-year
follow-up (Figure 1), with a 68% lower hazard compared to
those with higher residual stenosis. This highlights the impor-
tance of assessing treatment success during the procedure, with
residual diameter stenosis < 30% on fluoroscopy serving as a
simple and effective predictor of favorable clinical outcomes.

Although the overall procedural and clinical outcomes are
favorable, they might differ per target lesion subset. The
increased luminal gain in CTOs is intuitive, as the lumen is
initially occluded, allowing for more luminal expansion. This
potential confounding effect was therefore included in the
multivariable analysis. However, no significant association was
observed between CTOs and achievement of residual diameter
stenosis < 30%. This is supported by a recent sub-study from the
BENELUX-IVL registry, which found that CTO-lesions have
comparable procedural success rates and clinical outcomes up
to 1 year, compared to non-CTO lesions [21]. While analyzing
differences in treatment between various lesion subsets is
beyond the scope of this study, the higher likelihood of
achieving residual diameter stenosis <30% in long-segment
lesions might be attributed to more aggressive treatment strat-
egies employed by operators. In contrast, bifurcation lesions
were associated with decreased luminal gain and aorta-ostial
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FIGURE 1 | One-year target vessel revascularization-free survival based on residual diameter stenosis (< 30% vs. > 30%). [Color figure can be
viewed at wileyonlinelibrary.com]

TABLE 4 | Predictors of Luminal Gain: Univariate and multivariate linear regression analysis.
Univariable analysis Multivariable analysis
95% confidence 95% confidence
Variable Coefficient (B) interval p value Coefficient (B) interval p value
Age —0.008 —0.019 to 0.002 0.105 —0.002 —0.015 to 0.011 0.781
Sex (male) 0.012 —0.202 to 0.227 0.910
ACS 0.083 —0.094 to 0.260 0.357
Lesion subtype
Aorta-ostial 0.243 0.028—0.458 0.027 0.199 —0.089 to 0.488 0.174
CTO 1.058 0.753—1.364 <0.001 0.872 0.478—1.267 <0.001
Bifurcation —0.139 —0.345 to 0.066 0.183 —-0.323 —0.608 to —0.038 0.027
In-stent —0.844 —1.149 to —0.538 <0.001 -0.159 —0.448 to 0.129 0.277
Long-segment 0.050 —0.139 to 0.238 0.606
Procedural
characteristics
IVL maximum 0.113 —0.013 to 0.24 0.078 0.033 —0.091 to 0.157 0.599
inflation pressure
IVL pulses delivered 0.002 —0.002 to 0.005 0.412
Pre-dilatation 0.273 —0.098 to 0.643 0.148 0.308 —0.240 to 0.855 0.269
Pre IVL maximum —0.007 —0.028 to 0.015 0.547
pressure dilataiton
Post-dilatation 0.192 —0.277 to 0.662 0.421
Post IVL maximum —0.005 —0.026 to 0.015 0.599
pressure dilatation
Plaque modification 0.26 0.027—0.494 0.029 0.245 —0.065 to 0.554 0.121
next to IVL
Stenting after IVL for 0.631 0.0423-0.839 <0.001 0.606 0.259—-0.954 <0.001
therapy completion
Drug eluting balloon —0.143 —0.476 to 0.190 0.399
ICI 0.389 0.216—0.563 <0.001 0.318 0.043—-0.593 0.024

Abbreviations: ACS = acute coronary syndrome, CTO = chronic total occlusion, ICI = intracoronary imaging, IVL = intravascular lithotripsy.
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TABLE 5 | Predictors of residual stenosis < 30%: univariate and multivariate binary logistic regression analysis.
Univariable analysis Multivariable analysis
Odds 95% confidence Odds 95% confidence
Variable ratio interval p value ratio interval p value
Age 0.985 0.947-1.024 0.432
Sex (male) 0.864 0.381-1.961 0.727
ACS 1.103 0.566—2.148 0.773
Lesion subtype
Aorta-ostial 0.442 0.219-0.890 0.022 0.283 0.104—-0.775 0.014
CTO 1.101 0.32—3.789 0.879
Bifurcation 1.264 0.561—2.848 0.572
In-stent 0.351 0.18—0.683 0.002 0.668 0.235—-2.528 0.771
Long-segment 2.437 1.258—4.719 0.008 2.846 1.080—7.500 0.034
Procedural characteristics
IVL maximum inflation 1.342 0.857—-2.101 0.198 1.561 0.953-2.555 0.077
pressure
IVL pulses delivered 0.996 0.982-1.01 0.557
Pre-dilatation 1.282 0.365—4.503 0.699
Max inflation pressure 0.989 0.911-1.075 0.800
Post-dilatation 0.671 0.085—5.266 0.704
Maximum inflation 1.021 0.950—1.097 0.573
pressure
Plaque modification next 1.491 0.562—3.959 0.422
to IVL
Stenting after IVL for 3.079 1.547-6.131 0.001 3.426 1.054—-11.135 0.041
therapy completion
Drug eluting balloon 0.509 0.183—1.418 0.509
ICI 1.399 0.726—2.697 0.315

Abbreviations: ACS = acute coronary syndrome, CTO = chronic total occlusion, ICI = intracoronary imaging, IVL = intravascular lithotripsy;

lesions significantly reduced the likelihood of achieving residual
diameter stenosis <30%. In conventional PCI, bifurcation
lesions are known to have worse clinical outcomes compared to
non-bifurcation lesions [22, 23]. Currently, no studies have
evaluated the efficacy of IVL in bifurcation lesions. The less
favorable results in aorta-ostial lesions might be explained by
the thicker elastic and muscular tissue, leading to resistance to
balloon inflation and tendency to recoil [24]. Future studies are
needed to further investigate the impact of lesion characteristics
on treatment strategies and outcomes with IVL.

ICI guidance was a significant predictor of luminal gain, likely
due to its ability enable patient-specific treatment optimization.
However, this positive association was not observed for residual
diameter stenosis < 30%. As such, these findings are not con-
clusive for the potential association of ICI with procedural and
clinical outcomes. Nevertheless, they warrant future prospec-
tive studies to better evaluate the impact of ICI on procedural
and clinical outcomes following IVL.

Interestingly, technical IVL factors such as inflation pressure and
number of pulses delivered were not significantly associated with
treatment success. This may be attributed to IVL's mechanism of

action [7, 8, 10-12]. IVL-balloon inflation itself likely contributes
minimally to luminal gain and stenosis reduction due to the low
inflation pressures used (4—6 atm). Instead, the actual gain occurs
after stent deployment following IVL for therapy completion, which
compresses the fractured calcium in the vessel wall. Our findings
that post-IVL stenting for therapy completion emerged as a con-
sistent predictor of treatment success support this. The finding that
the number of IVL pulses delivered is not predictive of treatment
success contrasts with results from the LILI registry, which rec-
ommended delivering all 80 pulses [13]. A practical marker of the
desired treatment effect of IVL could be a pressure drop in the
inflator device and/or visual confirmation of balloon expansion,
which may occur before delivering all pulses. Peri-IVL procedural
parameters were also not significantly associated with treatment
success (Tables 4 and 5), though this does not diminish their
importance. For instance, pre- and post-dilatation were used in the
majority of target lesions and can help determine whether a
crossable calcified target lesion is undilatable, which serves as an
indication for IVL [9]. Similarly, post-dilatation can confirm suc-
cessful lesion modification after IVL. Additionally, plaque modifi-
cation techniques, like pre-IVL rotational atherectomy may be
crucial for preparing balloon uncrossable calcified lesions, to facil-
itate IVL [25].
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4.1 | Limitations

This study has several limitations. Firstly, the observational
retrospective study design, which is has to be considered when
interpretating the clinical outcomes observed. Additionally, the
decisions regarding the timing of IVL, the utilization of high-
pressure pre- and post-dilatation, the placement of supple-
mentary stents, and the use of ICI for procedural optimization
were left to the operator's discretion. Additionally, ICI was not
obligatory routinely performed before and after IVL. This lim-
ited our ability to compare outcomes between ICI-guided versus
angiography-guided IVL procedures. Furthermore, a sensitivity
analysis to confirm our findings in patients with ICI was not
feasible due to inconsistent use of ICI.

5 | Conclusion

In this real-world registry, IVL demonstrated favorable proce-
dural and clinical outcomes. Stenting after IVL for therapy
completion, ICI guidance and CTOs were associated with
increased luminal gain, while bifurcation lesions were linked to
decreased luminal gain. Long lesions and post-IVL stenting for
therapy completion were associated with achieving residual
diameter stenosis < 30%, while aorto-ostial lesions were nega-
tively associated with this outcome. Notably, technical IVL-
related parameters, such as the inflation pressure and the
number of pulses delivered, along with peri-IVL factors like pre-
and post-dilatation and plaque modification, did not signifi-
cantly impact treatment success.
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