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Debulking lesions with severe coronary artery calcification (CAC) is highly recommended to
obtain good procedural and long-term success. Utilization and performance of coronary intra-
vascular lithotripsy (IVL) after rotational atherectomy (RA) has not been thoroughly studied.
This study aimed to evaluate the efficacy and safety of IVL with the Shockwave Coronary Rx
Lithotripsy System in lesions with severe CAC as elective or bail-out strategy after RA. This
observational, prospective, single-arm, multicenter, international, open-label Rota-Shock regis-
try included patients with symptomatic coronary artery disease and lesions with severe CAC
treated by percutaneous coronary intervention, including lesion preparation with RA and IVL,
at 23 high-volume centers. Primary efficacy end point was procedural success, defined as final
diameter stenosis <30% by quantitative coronary angiography. Primary safety end point was
freedom from serious angiographic complications, which included >National Heart, Lung and
Blood Institute type B dissection, perforation, abrupt closure, slow or no flow, final thromboly-
sis in myocardial infarction flow <3, and acute thrombosis. A total of 160 patients were
enrolled between June 2020 and June 2022. The primary efficacy end point was observed in
155 patients (96.9%). The primary safety end point occurred in 145 cases (90.6%). Dissections
>National Heart, Lung and Blood Institute type B occurred in 3 patients (1.9%), whereas slow
or no flow occurred in 8 (5.0%), final thrombolysis in myocardial infarction flow <3 in 3
(1.9%), and perforation in 4 patients (2.5%). Free from inhospital major adverse cardiac and
cerebrovascular events, including cardiac death, target vessel myocardial infarction, target
lesion revascularization, cerebrovascular accident, definite/probable stent thrombosis, and
major bleeding, occurred in 158 patients (98.7%). In conclusion, IVL after RA in lesions with
severe CAC was effective and safe, with a very low incidence of complications as either elective
or bail-out strategy. © 2023 Elsevier Inc. All rights reserved. (Am J Cardiol 2023;198:1−8)
f Clinical, Anesthesiologic and Cardiovascular Sciences,

ty of Rome, Policlinico Umberto I, Rome, Italy; bDepart-

cal Sciences, Humanitas University, Pieve Emanuele-

dio Center, IRCCS Humanitas Research Hospital, Roz-

; dDivision of Cardiology, Montefiore Medical Center,

; eDivision of Cardiology, Department of Medicine, San

ospital, ASL Citt�a di Torino, Turin, Italy; fDepartment of

us Medical University Center, Rotterdam, The Nether-

Department, Umberto I Hospital, Syracuse, Italy; hInter-

logy Unit, Hospital Clinico San Carlos IdISSC,

plutense de Madrid, C/ Profesor Mart�ın Lagos, Madrid,

nal Cardiology, Azienda Ospedaliera Universitaria Sen-

e Scotte, Siena, Italy; jIRCCS Policlinico S. Donato,

ision of Interventional Cardiology, Cardiothoracovascular

ggi University Hospital, Florence, Italy; lStructural Inter-

ogy Division, Department of Clinical & Experimental

i University Hospital, Florence, Italy; mDivision of Inter-

gy, Mediterranea Cardiocentro, Naples, Italy; nFounda-

cular Research and Innovation, Milan, Italy; oDivision of

rtment of Medicine, University of Verona, Verona, Italy;

ardiology and de Gasperis Cardio Center, ASST Grande

Ospedale Metropolitano Niguarda, Milan, Italy; qInterventional Cardiology

Unit, EMO-GVM, Centro Cuore Columbus, Milan, Italy; rDivision of Cardi-

ology, “Tor Vergata” University Hospital, Rome, Italy; sCardiology Depart-

ment, Sant’Andrea Hospital, Sapienza University of Rome, Rome, Italy;
tCardiovascular Center Aalst, OLV Hospital, Aalst, Belgium; uSant’Andrea

Hospital, Vercelli, Italy; vDepartment of Cardiovascular and Thoracic Sci-

ences, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome,

Italy; wInterventional Cardiology Unit, Maria Cecilia Hospital GVM Care

and Research, Cotignola, Italy; xLaboratory of Interventional Cardiology;
yDepartment of Cardiology, S. Anna Hospital, Catanzaro, Italy; zCardiology

Unit, Cardiothoracic and Vascular Department (DICATOV) IRCCS, Ospe-

dale Policlinico San Martino Genoa, Italy; and aaDepartment of Cardiovas-

cular Sciences, European Hospital, Rome, Italy. Manuscript received

December 24, 2022; revised manuscript received and accepted April 15, 2023.

Drs. Sardella and Stefanini contributed equally to the manuscript and are

joint first authors.

Funding: none.

See page 6 for disclosure information.

*Corresponding author: Tel: +390649979047; fax: +390649979047.

E-mail address: rino.sardella@uniroma1.it (G. Sardella).

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2023.04.032

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2023.04.032&domain=pdf
mailto:rino.sardella@uniroma1.it
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2023.04.032


2 The American Journal of Cardiology (www.ajconline.org)
Severe coronary artery calcification (CAC) can be
encountered in up to 30% of patients with ischemic heart
disease,1 and its percutaneous management remains a chal-
lenge.2 Lesions with severe CAC often present larger pla-
que burden and are more complex1,3 so patients are less
likely to receive complete revascularization and have a
higher risk to develop adverse events, including death.4

Recent advances in calcium-debulking technologies have
the potential to contribute to the development of new inter-
ventional therapy paradigms for improving clinical out-
comes. Rotational atherectomy (RA) is based on sanding
ablation and is the calcium-ablation technique with the larg-
est worldwide experience.5 Coronary intravascular litho-
tripsy (IVL; Shockwave Medical, Santa Clara, California)
is the latest addition to the armamentarium and is a technol-
ogy based on pulsatile mechanical energy delivery through
emitters placed along a semicompliant balloon.6 So far,
safe and effective facilitation of stent implantation in
severely calcified lesions has been described with IVL.7−11

This study aimed to evaluate the efficacy and safety of coro-
nary IVL with the Shockwave Coronary Rx Lithotripsy
System after RA in consecutive lesions with severe CAC.
Methods

The observational, prospective, single-arm, multicenter
international, open-label Rota-Shock registry included
patients from 23 high-volume centers presenting with
symptomatic coronary artery disease and lesions with
severe CAC suitable for preparation with RA who also
underwent additional IVL. The prospective recruitment of
patients was performed between June 2020 and June 2022
after local ethics committee approval and with written
informed patient consent. The study included all-comer
patients treated in 1 of the following scenarios: elective RA
in a large vessel (reference vessel diameter ≥3.0 mm) to
allow IVL balloon crossing, after RA balloon underexpan-
sion, after RA balloon crossing failure, after RA stent cross-
ing failure, or after RA stent underexpansion at index
procedure.

Thus, RA failure was considered, after RA, when a bal-
loon could either not cross the lesion or a waist was present
upon inflation, and when a stent could either not cross the
lesion or underexpansion was present after stent deploy-
ment.

Exclusion criteria included in-stent restenosis, known
intolerance to any of the IVL device components, women
with childbearing potential, age <18 years, and inability to
provide written informed consent. This study complied
with the Declaration of Helsinki and was approved by local
ethics committees. All patients provided written informed
consent for the procedure and subsequent data collection
based on local practice and/or local institutional review
board approval.

RA was performed with the Rotablator or ROTAPRO
systems (Boston Scientific, Marlborough, Massachusetts),
which consists of a spring coil shaft with a burr at the tip.
The front edge of the oval burr is the ablating portion and is
covered with fine diamond crystals. The shaft is encased in
a plastic sheath, and both are connected to an advancer,
which has a hand-controlled knob with which the burr can
be moved. The advancer, in turn, is connected to a console
that houses a turbine run by pressurized nitrogen. The revo-
lution speed can be set using controls on the console (usu-
ally 140,000 to 180,000 rpm).12

In all patients, further balloon-based calcium-debulking
technique, including IVL (Shockwave Coronary Rx Litho-
tripsy System, Shockwave Medical, Santa Clara, Califor-
nia), was performed after RA. The IVL system consists of a
disposable semicompliant balloon catheter with 2 integrated
internal emitters and an external wave generator. The cathe-
ter is connected through a connector cable to the generator
that is preprogrammed to deliver 10 pulses of unfocused
circumferential mechanical energy in sequence at a fre-
quency of 1 pulse per second for a maximum of 80 pulses
per catheter. Calcium disruption in the vessel wall occurs at
low balloon pressure (4 to 6 atmospheres).8

Additional predilation with a standard balloon before or
after either use of RA or IVL was left to the discretion of
the operator. The use of more than 1 burr, IVL, or standard
balloons was allowed. PCI was performed using either sec-
ond-generation drug�eluting stents (DES) or drug-coated
balloons. Postdilation in case of DES implantation was per-
formed at the operator’s discretion.

Intravascular imaging adaption followed the standard
practice in each center; although not mandatory, it was
strongly recommended. Intravascular ultrasound (IVUS)
and optical coherence tomography could both be used, with
recommendation to use the same imaging modality for each
target segment before and after both RA and IVL and at the
final evaluation.

The primary efficacy end point was procedural success,
defined as a final diameter stenosis <30% by quantitative
coronary angiography. The primary safety end point was
freedom from serious angiographic complications, which
included >National Heart, Lung and Blood Institute
(NHLBI) type B dissection, perforation, abrupt closure,
slow or no flow, final thrombolysis in myocardial infarction
(TIMI) flow <3, and acute thrombosis.

The secondary end points included freedom from inhos-
pital major adverse cardiac and cerebrovascular events
(MACCEs), defined as composite occurrence of cardiac
death, target vessel myocardial infarction, target lesion
revascularization, cerebrovascular accident, Academic
Research Consortium-defined definite/probable stent
thrombosis,13 and major bleeding according to Bleeding
Academic Research Consortium. Spontaneous myocardial
infarction was defined as previously suggested,14 whereas
periprocedural myocardial injury was not assessed system-
atically. The incidence of stent underexpansion or malappo-
sition and incidence of stent polymer/mesh damage (in
patients with post-RA stent underexpansion at index proce-
dure) were also evaluated.

Data were collected through a dedicated secured data-
base. Individual centers were responsible for entering data
of recruited patients. Procedural and clinical follow-up data
gathering was at the discretion of each single center. Data
were collected prospectively from June 2020 to June 2022.

Continuous variables are reported as mean § SD or
median § interquartile range and were compared using
Student’s t test or the Mann-Whitney U or Wilcoxon test in
case of 2-group comparisons based on the normality of data
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distribution, verified using the Shapiro-Wilk test. Categori-
cal variables are reported as percentage (number) and were
compared using the chi-square test without Yates correction
for continuity or the Fisher’s exact test, as appropriate.
Clinical follow-up was limited to inhospital outcomes. A 2-
sided p <0.05 was considered statistically significant. Sta-
tistical analyses were performed using Stata version 13.0
(StataCorp, College Station, Texas).
Results

A total of 160 patients were enrolled at 23 high-volume
centers between June 2020 and June 2022. The mean age of
the study population was 72.7 § 8.6 years and 79.4% were
men. Diabetes was present in 49.4% of patients, whereas
36.9% and 16.9% had history of myocardial infarction and
coronary artery bypass grafting, respectively. Chronic
obstructive pulmonary disease was present in 11.2% of
patients, whereas 20.1% had chronic kidney disease. The
clinical indication for PCI was chronic coronary syndrome
in 56.4% of cases, whereas 14.7%, 19.2%, and 9.6% of
patients presented with unstable angina, non−ST-elevation
myocardial infarction, and ST-elevation myocardial infarc-
tion, respectively. Baseline characteristics are summarized
in Table 1.

Overall, 160 lesions were treated with both RA and IVL.
The left anterior descending artery was the most commonly
involved (57.5%) and the right coronary artery was second
(25.0%), whereas the left main and circumflex artery were
treated in 16.9% each. The proximal and mid left anterior
descending artery were involved in 44.4% and 24.4% of
cases, respectively, proximal circumflex artery in 13.7%
Table 1

Baseline patient characteristics

Overall

n 160

Age, mean § standard deviation 72.7§8.6 (160)

Male gender, n (%) 127/160 (79.4%)

Hypertension, n (%) 146/160 (91.2%)

Diabetes, n (%) 79/160 (49.4%)

Insulin-dependent diabetes, n (%) 18/160 (11.2%)

Hypercholesterolemia, n (%) 125/160 (78.1%)

Family history of CVD, n (%) 42/160 (26.2%)

Peripheral vascular disease, n (%) 54/159 (34.0%)

Smoking history, n (%) 77/159 (48.4%)

Chronic obstructive pulmonary disease,

n (%)

18/160 (11.2%)

Chronic kidney disease (GFR <60 ml/

min/1.73 m2), n (%)

32/159 (20.1%)

Prior myocardial infarction, n (%) 59/160 (36.9%)

Prior coronary artery bypass grafting, n (%) 27/160 (16.9%)

PCI indication

Chronic coronary syndrome, n (%) 88/156 (56.4%)

Unstable angina, n (%) 23/156 (14.7%)

NSTEMI, n (%) 30/156 (19.2%)

STEMI, n (%) 15/156 (9.62%)

CVD = cardiovascular disease; GFR = glomerular filtration rate; NSTEMI =

non−ST-segment elevation myocardial infarction; PCI = percutaneous coro-

nary intervention; STEMI = ST-elevation myocardial infarction.
and proximal and middle right coronary artery in 11.9%
and 13.7%, respectively. The lesion segment length was
35.1 § 21.3 mm, whereas the reference vessel diameter and
minimal lumen diameter were 3.25 § 0.63 mm and 1.32 §
1.21 mm, respectively. The mean percentage stenosis was
86.2%, with 6.25% total occlusions. Angiographic charac-
teristics are summarized in Table 2.

Procedural characteristics are listed in Table 3. Lesion
predilation with noncompliant balloons was undertaken in
45.6% of cases; mean balloon diameter was 2.82 mm and
inflation pressure was 17.8 atmospheres. RA was performed
mostly with 1 single burr (73.1%), whereas 2 burrs were
used in 25.0% of cases. Burr diameter was 1.50 and
1.75 mm in 52.2% and 22.0% of procedures, respectively,
with a mean burr/vessel maximum angiographic ratio of 0.5
and maximum rotation speed of 169,000 rpm. The maxi-
mum post-RA balloon diameter was 3.16 § 1.92 mm. The
proportion of patients who underwent IVL as elective strat-
egy after RA was 42.5%. In contrast, the majority of
patients underwent IVL after RA failure (57.5%): among
these, balloon underexpansion after RA was the most com-
mon indication to IVL (30.6%), whereas stent underexpan-
sion (12.5%), crossing failure after RA (7.5%), and stent
crossing failure after RA (6.9%) were rarer.

The IVL balloons had a mean diameter of 3.21 §
0.51 mm and were inflated at 6 atmospheres, for a total of 8
cycles in 47.6% of procedures. Fewer activations of the
IVL emitters were needed in 29.2% of cases, whereas more
than 1 IVL balloon was used in 23.1%. Post-IVL balloons
were 3.25 § 0.91 mm in diameter and inflated at 17.4 §
5.6 atmospheres. PCI included DES implantation in most of
cases (97.5%), whereas drug-coated balloon angioplasty
Table 2

Baseline lesion characteristics

Overall

N of patients 160

Target lesion location

Left main, n (%) 27/160 (16.9%)

LAD 92/160 (57.5%)

Proximal LAD, n (%) 71/160 (44.4%)

Mid LAD, n (%) 39/160 (24.4%)

Distal LAD, n (%) 5/160 (3.12%)

First diagonal, n(%) 9/160 (5.62%)

LCx 27/160 (16.9%)

Proximal LCx, n (%) 22/160 (13.7%)

Distal LCx, n (%) 4/160 (2.50%)

Obtuse marginal, n (%) 2/160 (1.25%)

Ramus, n (%) 1/160 (0.62%)

RCA 40/160 (25.0%)

Proximal RCA, n (%) 19/160 (11.9%)

Mid RCA, n (%) 22/160 (13.7%)

Distal RCA, n (%) 3/160 (1.88%)

Posterior descending artery, n (%) 3/160 (1.88%)

Lesion length, mm 35.1§21.3 (158)

Reference vessel diameter, mm 3.25§0.63 (128)

Minimal lumen diameter, mm 1.32§1.21 (113)

Stenosis, % 86.2§11.8 (160)

Total occlusions, n(%) 10/160 (6.25%)

LAD = left anterior descending artery; LCx = left circumflex artery;

RCA = right coronary artery.



Table 3

Procedural characteristics

Overall

N of patients 160

Predilation noncompliant balloon, n (%) 73/159 (45.6%)

Predilation non-compliant balloon diameter, mm 2.82§0.60 (70)

Predilation non-compliant balloon maximum

pressure, atm

17.8§7.02 (68)

Burrs used, n

One 117/160 (73.1%)

Two 40/160 (25.0%)

Three 3/160 (1.88%)

Burr maximum diameter, mm

1.25 mm 26/159 (16.3%)

1.50 mm 84/159 (52.2%)

1.75 mm 35/159 (22.0%)

2.00 mm 14/159 (8.81%)

Burr/vessel maximum angiographic ratio 0.5§0.1 (138)

Maximum rotation speed, rpm 169,000§12,000 (122)

Maximum post-rotational atherectomy balloon

diameter, mm

3.16§1.92 (128)

Lithotripsy indication

Elective, n (%) 68/160 (42.5%)

Crossing failure post-rotational atherectomy, n (%) 12/160 (7.50%)

Balloon underexpansion post-rotational atherectomy,

n (%)

49/160 (30.6%)

Stent crossing failure post-rotational atherectomy, n

(%)

11/160 (6.87%)

Post-RA stent underexpansion at index procedure, n

(%)

20/160 (12.5%)

Lithotripsy balloon maximum diameter, mm 3.21§0.51 (160)

Lithotripsy balloon maximum pressure, atm 6.29§1.69 (153)

Lithotripsy balloon cycles, n

<8, n(%) 43/147 (29.2%)

=8, n(%) 70/147 (47.6%)

>8, n(%) 34/147 (23.1%)

Post-lithotripsy angioplasty, n(%) 111/157 (70.7%)

Maximum post-lithotripsy balloon diameter, mm 3.25§0.91 (110)

Maximum post-lithotripsy balloon pressure, atm 17.4§5.60 (102)

Device type

Drug-eluting stent, n(%) 154/158 (97.5%)

Drug-coated balloon, n(%) 4/158 (2.53%)

Implanted stent, n

One, n(%) 74/159 (46.5%)

Two, n(%) 55/159 (34.6%)

Three or more, n(%) 26/159 (16.3%)

Implanted stent maximum diameter, mm 3.48§0.50 (155)

Stented segment maximum length, mm 41.6§22.8 (156)

Stent balloon maximum pressure, atm 14.6§2.96 (151)

Postdilation, n(%) 130/154 (84.4%)

Postdilation balloon maximum diameter, mm 3.90§0.66 (133)

Postdilation balloon maximum pressure, atm 19.1§4.50 (130)

Intravascular imaging 84/160 (52.5%)

Pre-rotational atherectomy, n(%) 24/160 (15.0%)

OCT, n(%) 8/160 (5.00%)

IVUS, n(%) 16/160 (10.0%)

Post-rotational atherectomy, n(%) 47/160 (29.4%)

OCT, n(%) 17/160 (10.6%)

IVUS, n(%) 30/160 (18.7%)

Pre-lithotripsy, n(%) 45/160 (28.1%)

OCT, n(%) 19/160 (11.9%)

IVUS, n(%) 26/160 (16.2%)

Post-lithotripsy, n(%) 36/160 (22.5%)

OCT, n(%) 11/160 (6.88%)

IVUS, n(%) 25/160 (15.6%)

Post-PCI, n(%) 68/159 (42.8%)

OCT, n(%) 23/160 (14.5%)

IVUS, n(%) 45/160 (28.3%)

Fluoroscopy time, min 44.1§30.1 (141)

Contrast volume, ml 200§90.2 (159)

IVUS = intravascular ultrasound; OCT = optical coherence tomography;

RA = rotational atherectomy.
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was performed in a minority of cases (2.5%). A total of 1, 2,
and 3 or more DES were implanted in 46.5%, 34.6%, and
16.3% of procedures, respectively. DES had a mean diame-
ter of 3.48 mm and a mean length of 41.6 mm. DES postdi-
lation was performed in 84.4% of cases. The balloons had a
mean diameter of 3.90 § 0.66 mm and were inflated at 19.1
§ 4.5 atmospheres. Overall, intravascular imaging was per-
formed in 52.5% of cases and included IVUS in the major-
ity of procedures (Table 3). The distribution of
intravascular imaging throughout the procedure was 15.0%
before RA, 29.4% after RA, 28.1% before IVL, 22.5% after
IVL, and 42.8% after PCI. The flow of intravascular imag-
ing throughout the procedure is depicted in Figure 1.
Finally, mean fluoroscopy time was 44.1 § 30.1 minutes
and the amount of contrast used was 200 § 90.2 ml.

Procedural and inhospital outcomes are listed in Table 4.
The primary efficacy end point occurred in 98.6% of cases.
The primary safety end point was observed in 90.6% of
patients. Among serious angiographic complications, dis-
sections >NHLBI type B occurred in 1.88%, and 4 patients
(2.50%) experienced perforation after the final postdilation.
No cases of procedural vessel thrombotic complication or
closure were observed. Slow/no flow occurred in 5.00% (8
patients): 4.38% after RA and 1.25% after IVL. The final
TIMI flow was <3 in 3 patients (1.88%). The incidence of
serious angiographic complications did not differ according
to the clinical indication to IVL, except for dissections
>NHLBI type B, which occurred more frequently in cases
of post-RA balloon or stent crossing failure (p = 0.049;
Figure 2). Stent underexpansion and malapposition were
observed in 7.10% of cases each.

The median hospital stay was 5 (interquartile range 3 to
9) days. Freedom from inhospital MACCE was 98.7%. A
total of 2 patients experienced cardiac death. A case was
because of stent thrombosis at the left main circumflex
bifurcation and contributed to the single cases of target ves-
sel myocardial infarction, target lesion revascularization,
target vessel revascularization, and re-PCI. The other case
was because of cardiac arrest 20 days after the procedure.
No cases of inhospital coronary artery bypass grafting, cere-
brovascular events, or major bleeding were observed.
Discussion

This multicenter, international study is, to the best of our
knowledge, the first clinical investigation to evaluate the
efficacy and safety of coronary IVL with the Shockwave
Coronary Rx Lithotripsy System after RA in lesions with
severe CAC. The main findings are the following: more
than a half of patients underwent IVL after RA failure, IVL
as elective or bail-out strategy after RA was found to be
effective in terms of procedural success, considering the
complexity of lesions treated, the incidence of serious
angiographic complications was generally low, with excel-
lent inhospital outcomes, and the incidence of inhospital
MACCE was low.

This study provides the largest data on implementation
of IVL as elective or bail-out strategy after RA in the real
world. The first proof-of-concept reports of such a strat-
egy15−17 stressed the complementary role of these 2 cal-
cium-debulking strategies in severely calcified coronary
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Figure 1. Sankey diagram depicting flow of intravascular imaging use throughout the different steps of the procedure. The numbers refer to the number of

patients who underwent either imaging modality at any time point. Nodes for any kind of intravascular imaging modality are light green, those for angio-

graphic assessment alone are gray. Flows toward any kind of intravascular imaging is shown in light green, while flow toward angiographic assessment alone

is shown in gray. Thickness of any given flow is proportional to the number of patients included. OCT = optical coherence tomography.
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lesions. Indeed, although RA is often effective on intimal
calcium to permit balloon or DES crossing through the
lesion, adequate expansion of devices might not always fol-
low because of additional circumferential deep calcium pla-
que extension. In this setting, atherectomy with RA can be
functional to IVL balloon delivery for lesion preparation
optimization before DES implantation. Overall, the pulsa-
tile force of IVL and the sanding ablation effect from RA
have the potential to have an additive or even synergistic
effect in this context. Although other strategies, including
calcium-ablating and balloon-based techniques, have been
described,18 it might be argued that the efficacy of IVL in
fracturing the calcified arc, which was shown to be propor-
tional to the degree of calcium burden,6 might provide
more substantial calcium modification and better balloon
and DES expansion, especially in extensive and deep cal-
cium.
Table 4

Procedural and inhospital outcomes

Overall

N of patients 160

Primary efficacy endpoint, n(%) 155/160 (96.9%)

Primary safety endpoint, n(%) 145/160 (90.6%)

>Type B NHLBI dissection, n(%) 3/160 (1.88%)

Perforation, n(%) 4/160 (2.50%)

Thrombus, n(%) 0/160 (0%)

Abrupt closure, n(%) 0/160 (0%)

Slow/no flow 8/160 (5.00%)

Post-rotational atherectomy, n(%) 7/160 (4.38%)

Post-lithotripsy, n(%) 2/160 (1.25%)

Final TIMI flow <3 3/160 (1.88%)

Freedom from inhospital MACCE, n(%) 158/160 (98.7%)

Stent underexpansion, n(%) 6/84 (7.10%)

Stent malapposition, n(%) 6/84 (7.10%)

MACCE = Major Adverse Cardiac and Cerebrovascular Events;

NHLBI = National Heart., Lung, blood institute; TIMI, thrombolysis in

myocardial infarction.
The first important take-home message from our study is
that in the real-world setting, the main reason for perform-
ing coronary IVL after RA is actually RA failure (57.5%)
rather than an elective combined approach (42.5%). This is
particularly interesting, especially considering the size of
burrs used (1.50 and 1.75 mm in 74% of cases) and, even
more so, the burr/vessel size ratio adapted in the cohort
(0.5), which is in line with the current standards.12 Also,
this might be related to the proportion of patients who
underwent intravascular imaging-guided procedures.
Indeed, 52% of patients underwent either IVUS- or optical
coherence tomography-guided PCI in our cohort, which per
se is of note. Although significantly higher than the average
utilization rate of these technologies in everyday clinical
practice in most centers,19 the complexity of the lesions
included in our registry might likely require an even higher
use of intravascular imaging for appropriate lesion prepara-
tion and result assessment. In particular, the proportion of
patients who underwent intravascular imaging before RA
(n = 24, 15.0%) or after RA (n = 47, 29.4%) is lower than
that for assessment of the final result (n = 68, 42.8%). Inad-
equate lesion evaluation at baseline might in fact contribute
to the choice of a strategy based on RA alone when this
might not be enough indeed. Whether the relatively lower
use of intravascular imaging in the early phases of the pro-
cedure is related to catheter uncrossability remains to be
assessed. The randomized IVUS-CHIP (Intravascular Ultra-
sound Guidance for Complex High-risk Indicated Proce-
dures) trial (NCT04854070) is evaluating the impact of
systematic intravascular imaging on clinical outcomes in
patients who underwent complex coronary interventions,
including calcified disease.

The proportion of patients reaching the primary efficacy
and safety end points in our study was promising. Consider-
ing the need for pre-emptive RA, the observed procedural
success, well above the previously predefined performance
goals,10 can be considered compatible with the extent of
disease in our population. The incidence of serious



Figure 2. Incidence of serious angiographic complications in the overall population and according to the clinical indication for IVL. No statistically signifi-

cant differences were observed in perforation, slow/no flow after RA, slow/no flow after IVL or final TIMI flow <3, while dissections >NHLBI type B were

more common in post-RA balloon crossing failure and post-RA stent crossing failure groups.
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angiographic complications in our cohort compare favor-
ably with those described after RA alone, except for coro-
nary perforations.20 Such events may attest the complexity
of the lesions themselves rather than the use of RA or IVL.
In contrast, incidence of coronary dissection, abrupt closure
and slow/no flow are reassuring. In addition, notwithstand-
ing the fact that 5% of patients had slow/no flow, the lower
proportion of patients with final TIMI flow <3 (1.9%) sug-
gests adequate choice of burr size and appropriate technique
applied in our cohort.12 Although no cases of slow/no flow
were observed in DISRUPT CAD III study,10 2 cases
(1.9%) occurred after IVL in our cohort and might possibly
be related to additional calcium cracking6 after RA lesion
modification.21 No significant differences were observed
comparing incidence of serious angiographic complications
according to clinical indication to IVL, except for dissec-
tions >NHLBI type B, which were more common in post-
RA balloon or stent crossing failure groups. This might be
compatible with device manipulation upon repetitive trials
of crossing through the lesion; although, the external valid-
ity of such results might be impinged by the low number of
events. In contrast, the complete absence of any of such
complications among patients treated for stent underexpan-
sion is noteworthy and compares similarly to the extreme
safety reported after IVL alone in underexpanded stents.22

The incidence of stent malapposition and underexpansion
needs to be interpreted because intravascular imaging was
not adopted in all patients (52%).

The lesion characteristics underline the complexity of
the procedures included. The vessel that was most com-
monly treated was the left anterior descending artery, in
particular, its proximal segment. Also, the left main was
involved in almost 1 of 6 cases. In addition, the treated
lesions were rather long; although previous reports showed
no difference in short- and long-term outcomes in patients
who underwent RA in short versus long lesions, this needs
to be acknowledged.23

Although patients were enrolled in our study irrespective
of the initial planned versus provisional RA and most of
them underwent IVL after RA failure, the fluoroscopy time
and contrast volume were relatively restrained.24 Other fea-
tures to note from the RA modus operandi are the small
burr : vessel ratio25 and relatively high burr speed,26 which
confirm a rather contemporary atherectomy practice.12

Additional procedural characteristics that are noteworthy
are the proportion of patients requiring more than 8 IVL
cycles and thus more than one IVL catheter (almost 1 of
4)10 and the high-pressure DES after dilation (19 atmos-
pheres).

Although MACCE in our study included target vessel
myocardial infarction (MI) and not any MI, the fact that all
but 2 patients were free from inhospital MACCE is note-
worthy per se. Our results compared well with those
reported in previous studies assessing the performance of
RA or IVL alone.8,10,20 The baseline characteristics of
patients enrolled in our registry were also comparable with
those of populations from such studies. In particular, 1 of 2
patients had diabetes, 1 of 3 had a previous MI, and 1 of 5
had chronic kidney disease. These features also need to be
taken into account when addressing the inhospital and post-
discharge clinical outcomes.1 Of note, almost 1/2 of
patients included were treated for acute coronary syndrome.
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Although previous reports did not find differences in early
and midterm outcomes according to clinical presentation in
patients treated with RA,27 whether this is true also in
patients treated with both RA and IVL remains to be
proved.

Overall, although clinical trials failed to support consis-
tent long-term benefit after RA alone in lesions with signifi-
cant CAC (although, limitations in study design and
adequate powering for hard clinical end points need to be
acknowledged),5,28,29 we believe the synergistic effect of
RA and IVL will be worth of assessment in future random-
ized head-to-head comparisons. With this respect, long-
term follow-up of patients enrolled in our study is planned.

Limitations to the study should be recognized. First,
selection and confounding bias cannot be excluded because
of the observational nature of our study. Second, as for
most of previous studies concerning calcium-debulking
techniques, clinical follow-up was limited to inhospital
events, though long-term follow-up is planned. Third, the
relatively small sample size and absence of a control group
need to be acknowledged. Fourth, severe CAC was diag-
nosed by angiography alone. Fifth, the primary efficacy end
point included procedural success alone, defined as final
diameter stenosis <30% by quantitative coronary angiogra-
phy. Sixth, periprocedural myocardial injury was not sys-
tematically assessed. Finally, although the incidence of
intravascular imaging use is reported, no information on
CAC assessment and impact on decision making is avail-
able.

In conclusions, IVL as elective or bail-out strategy after
RA was found to be effective and safe in terms of proce-
dural success and freedom from serious angiographic com-
plications. The relatively low use of intravascular imaging
in our cohort might have contributed to the high use of IVL
after RA failure.
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