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Shockwave Intravascular Lithotripsy in all-comers with 
resistant de novo calcified coronary disease or stent 
underexpansion: Growing evidence 
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Over the past few years, the number of 
percutaneous coronary interventions (PCI) 
performed in patients with severely calcified 
coronary artery disease (CAD) has significantly 
increased [1]. Heavily calcified lesions are 
challenging in terms of adequate lesion prepa-
ration, equipment delivery, and optimal stent 
deployment [2]. Several PCI adjunctive tools 
for plaque modification have been introduced 
to deal with severely calcified lesions safely 
and effectively [3]. 

Shockwave Intravascular Lithotripsy 
(S-IVL) has emerged as a novel therapy for 
the treatment of vascular calcification [2]. The 
Shockwave Medical Coronary IVL catheter 
(Santa Clara, CA, US) consists of a 0.014-inch 
guidewire-compatible balloon catheter with 
two lithotripsy emitters incorporated into the 
shaft of a 12-mm-long balloon [4].  The IVL 
catheter is delivered, inflated, and deflated as 
any other balloon. During brief and low-pres-
sure balloon inflation, 10 IVL pulses are deliv-
ered creating acoustic shockwaves that spread 
circumferentially and transmurally with mini-
mal effect on soft tissue while imparting com-
pressive stress on calcified plaques [4]. Each 
balloon catheter can deliver up to 80 pulses or 
120 with the latest generation Shockwave C2+ 
system with interval deflations to allow distal 
coronary perfusion [4]. 

The safety and efficacy of the S-IVL system 
have been supported by the company-spon-
sored single-arm prospective DISRUPT CAD 
studies (I, II, III, and IV) [5]. In a patient-level 
pooled analysis of these studies reporting 

results from 628 patients across 72 sites in 
12 countries, the primary safety (i.e., absence 
of in-hospital major adverse cardiovascular 
events) and effectiveness (i.e., procedural suc-
cess) endpoints were achieved in 92.7% and 
92.4% of patients, respectively [5]. At 30 days, 
the rates of target lesion failure, cardiac death, 
and stent thrombosis were 7.2%, 0.5%, and 
0.8%, respectively. Rates of post-IVL and final 
serious angiographic complications were 2.1% 
and 0.3%, with no IVL-associated perforations, 
abrupt closures, or episodes of no reflow [5].

In this issue of Kardiologia Polska (Polish 
Heart Journal), Rola et al. [6] present data from 
the Lower Silesia Shockwave Registry (LSSR). 
The registry includes 131 PCI cases where the 
S-IVL system was used between May 2019 and 
September 2022 in two high-volume Polish 
cardiac centers. S-IVL was used either for cal-
cium modification in resistant calcified lesions 
before stent deployment (76% of recruited 
cases) or for stent optimization in significantly 
underexpanded previously implanted stents 
(25% of cases). The study evaluated procedur-
al success and clinical outcomes in-hospital 
and in 6-month follow-up. Procedural success 
was met in 96% of cases, with 3 cases of device 
failure (i.e., S-IVL balloon rupture) without 
clinical consequences. Regarding clinical 
outcomes, in-hospital MACE was 4.6% and 
7.9% at 6 months.

Several clinical and procedural aspects of 
the study are important and add to the exist-
ing literature. Firstly, 87% of the patients pre-
sented with acute coronary syndrome (ACS) 
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(8.4% ST-segment elevation myocardial infarction [STEMI] 
and 74% non-STEMI [NSTEMI]). ACS was essentially an ex-
clusion criterion for the DISRUPT CAD studies. Nevertheless, 
ACS cases represent a significant part of PCI procedures in 
high-volume cardiac centers. Calcified culprit lesions are 
frequent in NSTEMI and STEMI patients undergoing urgent 
or emergency PCI and directly impact future target lesion 
failure [7, 8]. Having an easy, safe, and effective method for 
calcium modification is important, and the current study 
supports S-IVL use in this cohort. 

In 1 of 4 cases in the LSS Registry, S-IVL was used to 
treat significant underexpansion of previously implanted 
stents. Although initially an “off-label” use, S-IVL for stent 
restenosis secondary to underexpansion became a popular 
strategy for this challenging clinical scenario with limited 
therapeutic options [9–11]. The LSSR data show that S-IVL 
is a relatively safe and effective approach when dealing 
with stent underexpansion. 

The previous use of rotational or orbital atherectomy 
was not an exclusion criterion for the study, and 13.7% of 
the patients had atherectomy debulking before S-IVL use. 
The occasional complementary use of the 2 calcium-modi-
fying modalities should be noted, a strategy that appeared 
to be safe and effective in a recently published report from 
the international multicenter Rota-Shock Registry [12]. Fi-
nally, the left main artery constituted 20.6% of the treated 
vessels in the study, adding to previous reports [13, 14] that 
supported S-IVL use to treat LM lesions (another exclusion 
criterion in the DISRUPT CAD studies). 

The current study carries the inherent limitations of 
registry-based studies such as potential selection bias, 
retrospective data collection, and lack of a control group 
or adjudication for procedural and clinical endpoints. From 
a procedural perspective, the lack of universal post-dila-
tion (applied in 77% of cases) and the relatively low use 
of intracoronary imaging for the specific cohort (23.7%) 
should be noted. 

Nevertheless, the study by Rota et al. provides real-life 
data in a high-risk population supporting the use of S-IVL 
as an everyday tool for calcium modification. This kind of 
data are necessary for S-IVL to demonstrate its safety and 
efficacy outside the “sterile” environment of clinical studies 
where several exclusion criteria are applied. In conclusion, 
the Lower Silesia Shockwave Registry showed short- and 
long-term safety and efficacy for S-IVL in the treatment 
of resistant de novo calcified coronary disease and stent 
underexpansion. Still, the lack of comparative studies in 
the literature regarding S-IVL is striking. Studies comparing 
S-IVL with other calcium/plaque modifying techniques are 
needed. Furthermore, the high price of the device com-
pared to alternative modalities, merits cost-effectiveness 
analysis and adequate reimbursement policies [15].

Article information
Conflict of interest: None declared.

Funding: Founded by National Science Center of Poland – grant ID# 
2017/27/B/NZ5/02944.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and 
sharing articles with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1.	 Barbato E, Gallinoro E, Abdel-Wahab M, et al. Management strategies 

for heavily calcified coronary stenoses: an EAPCI clinical consensus 
statement in collaboration with the EURO4C-PCR group. Eur Heart J. 
2023 [Epub ahead of print], doi: 10.1093/eurheartj/ehad342, indexed in 
Pubmed: 37208199.

2.	 Kassimis G, Didagelos M, De Maria GL, et al. Shockwave Intravascular 
Lithotripsy for the Treatment of Severe Vascular Calcification. Angiolo-
gy. 2020; 71(8): 677–688, doi: 10.1177/0003319720932455, indexed in 
Pubmed: 32567327.

3.	 Kassimis G, Raina T, Kontogiannis N, et al. How Should We Treat Heav-
ily Calcified Coronary Artery Disease in Contemporary Practice? From 
Atherectomy to Intravascular Lithotripsy. Cardiovasc Revasc Med. 
2019; 20(12): 1172–1183, doi: 10.1016/j.carrev.2019.01.010, indexed in 
Pubmed: 30711477.

4.	 Kereiakes DJ, Virmani R, Hokama JY, et al. Principles of Intravascular 
Lithotripsy for Calcific Plaque Modification. JACC Cardiovasc Interv. 
2021; 14(12): 1275–1292, doi:  10.1016/j.jcin.2021.03.036, indexed in 
Pubmed: 34167671.

5.	 Kereiakes DJ, Di Mario C, Riley RF, et al. Intravascular Lithotripsy for Treat-
ment of Calcified Coronary Lesions: Patient-Level Pooled Analysis of the 
Disrupt CAD Studies. JACC Cardiovasc Interv. 2021; 14(12): 1337–1348, 
doi: 10.1016/j.jcin.2021.04.015, indexed in Pubmed: 33939604.

6.	 Rola P, Furtan Ł, Włodarczak S, et al. Safety and efficacy of a novel calcified 
plaque modification device - Shockwave Intravascular Lithotripsy - in 
all-commers with Coronary Artery Disease: Mid-term outcomes. Kardiol 
Pol. 2023; 81(9): 878–885, doi:  10.33963/KP.a2023.0152, indexed in 
Pubmed: 37448216.

7.	 Généreux P, Madhavan MV, Mintz GS, et al. Ischemic outcomes after coro-
nary intervention of calcified vessels in acute coronary syndromes. Pooled 
analysis from the HORIZONS-AMI (Harmonizing Outcomes With Revascu-
larization and Stents in Acute Myocardial Infarction) and ACUITY (Acute 
Catheterization and Urgent Intervention Triage Strategy) TRIALS. J Am 
Coll Cardiol. 2014; 63(18): 1845–1854, doi: 10.1016/j.jacc.2014.01.034, 
indexed in Pubmed: 24561145.

8.	 Kurihara O, Takano M, Yamamoto E, et al. Calcified plaques in patients 
with acute coronary syndromes. JACC Cardiovasc Interv. 2019; 12(6): 
531–540, doi: 10.1016/j.jcin.2018.12.013, indexed in Pubmed: 30898249.

9.	 Kassimis G, Didagelos M, Kouparanis A, et al. Intravascular ultra-
sound-guided coronary intravascular lithotripsy in the treatment of 
a severely under-expanded stent due to heavy underlying calcification. To 
re-stent or not? Kardiol Pol. 2020; 78(4): 346–347, doi: 10.33963/KP.15173, 
indexed in Pubmed: 32024806.

10.	 Tovar Forero MN, Sardella G, Salvi N, et al. Coronary lithotripsy for 
the treatment of underexpanded stents: the international & mul-
ticentre CRUNCH registry. EuroIntervention. 2022; 18(7): 574–581, 
doi: 10.4244/EIJ-D-21-00545, indexed in Pubmed: 35318955.

11.	 Honton B, Lipiecki J, Monségu J, et al. Mid-term outcome of de novo 
lesions vs. in stent restenosis treated by intravascular lithotripsy proce-
dures: Insights from the French Shock Initiative. Int J Cardiol. 2022; 365: 
106–111, doi: 10.1016/j.ijcard.2022.07.023, indexed in Pubmed: 35870637.

http://dx.doi.org/10.1093/eurheartj/ehad342
https://www.ncbi.nlm.nih.gov/pubmed/37208199
http://dx.doi.org/10.1177/0003319720932455
https://www.ncbi.nlm.nih.gov/pubmed/32567327
http://dx.doi.org/10.1016/j.carrev.2019.01.010
https://www.ncbi.nlm.nih.gov/pubmed/30711477
http://dx.doi.org/10.1016/j.jcin.2021.03.036
https://www.ncbi.nlm.nih.gov/pubmed/34167671
http://dx.doi.org/10.1016/j.jcin.2021.04.015
https://www.ncbi.nlm.nih.gov/pubmed/33939604
http://dx.doi.org/10.33963/KP.a2023.0152
https://www.ncbi.nlm.nih.gov/pubmed/37448216
http://dx.doi.org/10.1016/j.jacc.2014.01.034
https://www.ncbi.nlm.nih.gov/pubmed/24561145
http://dx.doi.org/10.1016/j.jcin.2018.12.013
https://www.ncbi.nlm.nih.gov/pubmed/30898249
http://dx.doi.org/10.33963/KP.15173
https://www.ncbi.nlm.nih.gov/pubmed/32024806
http://dx.doi.org/10.4244/EIJ-D-21-00545
https://www.ncbi.nlm.nih.gov/pubmed/35318955
http://dx.doi.org/10.1016/j.ijcard.2022.07.023
https://www.ncbi.nlm.nih.gov/pubmed/35870637


w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 849

George Kassimis, Grigoris V Karamasis, Shockwave Intravascular Lithotripsy 

12.	 Sardella G, Stefanini G, Leone PP, et al. Coronary lithotripsy as elective or 
bail-out strategy after rotational atherectomy in the rota-shock registry. 
Am J Cardiol. 2023; 198: 1–8, doi: 10.1016/j.amjcard.2023.04.032, indexed 
in Pubmed: 37182254.

13.	 Salazar CH, Gonzalo N, Aksoy A, et al. Feasibility, safety, and efficacy 
of intravascular lithotripsy in severely calcified left main coronary ste-
nosis. JACC Cardiovasc Interv. 2020; 13(14): 1727–1729, doi: 10.1016/j.
jcin.2020.04.022, indexed in Pubmed: 32703602.

14.	 Cosgrove CS, Wilson SJ, Bogle R, et al. Intravascular lithotripsy for lesion 
preparation in patients with calcific distal left main disease. EuroInter-
vention. 2020; 16(1): 76–79, doi: 10.4244/EIJ-D-19-01052, indexed in 
Pubmed: 32224480.

15.	 Kassimis G, Ziakas A, Didagelos M, et al. Shockwave coronary intravascular 
lithotripsy system for heavily calcified de novo lesions and the need for 
a cost-effectiveness analysis. Cardiovasc Revasc Med. 2022; 37: 128–134, 
doi: 10.1016/j.carrev.2021.06.125, indexed in Pubmed: 34246610.

http://dx.doi.org/10.1016/j.amjcard.2023.04.032
https://www.ncbi.nlm.nih.gov/pubmed/37182254
http://dx.doi.org/10.1016/j.jcin.2020.04.022
http://dx.doi.org/10.1016/j.jcin.2020.04.022
https://www.ncbi.nlm.nih.gov/pubmed/32703602
http://dx.doi.org/10.4244/EIJ-D-19-01052
https://www.ncbi.nlm.nih.gov/pubmed/32224480
http://dx.doi.org/10.1016/j.carrev.2021.06.125
https://www.ncbi.nlm.nih.gov/pubmed/34246610

