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ABSTRACT ARTICLE HISTORY
Background: Coronary artery calcification (CAC) is a pathological deposition of calcium in the Received 9 July 2020
intimal and medial layer of the arterial wall. A plethora of therapeutic calcium debulking Accepted 20 January 2021
techniques is available for the treatment of CAC, including orbital or rotational atherectomy, KEYWORDS
excimer lasers, cutting, and scoring balloons, which are associated with a soaring rate of S-IVL; lithotripsy; coronary
complication and low efficacy. To this end, in 2016, the Food and Drug Administration (FDA) artery disease; calcified
posited that shockwave intravascular lithotripsy (S-IVL) technique can be employed with coronary artery disease
minimal complication.

Methods: A retrospective review of cases received lithotripsy for calcified coronary artery

disease was performed by using online data from PubMed, Embase, and the Cochrane Central

Register of Controlled Trials. The available search results were downloaded into an Endnote

library and analyzed into two phases.

Results: Out of 24 participants from case reports and series, Majority were found to be Male.

There was no significant difference found in the mortality of patients undergoing IVL for the

stenosis of the left main stem, left anterior descending, left circumflex artery, or diagonal

branch. The mortality was found to be high among 6 patients with prior comorbidities and

underwent more than 3 cycles of IVL (OR 37,95% Cl 1.54-886.04, P 0.02). Out of 24 patients, 2

(8.33%) patients developed complications such as vessel dissection (OR 3.4, 95% Cl| 17.87—-

64.68, P 0.4).

Conclusion: Shockwave intravascular lithotripsy (S-IVL) may be used in cases of the calcified

disease to gain vessel lumen in order to deploy drug-eluting stents with PCl. The success of

the DES implantation of IVL can be 100% with a minimal complication rate.

1. Introduction with low efficacy, has been reported with the afore-
said debulking modalities. Of these complications,
the most sinister are coronary artery dissection and
perforation, which can portend exceedingly poor
treatment outcomes. Thus, an alternative treatment
modality, ideally one that elicits a minimal degree of
complications, is warranted. To this end, in 2016,
Food and Drug Administration (FDA) posited that
shockwave intravascular lithotripsy  (S-IVL),
a technique similar to the one used in nephrolithiasis,
can be employed with minimal complications [5].
Since the advent of S-IVL, numerous studies, such
as the observational studies DISRUPT-1, DISRUPT-
OCT, DISRUPT-II, and a vast concoction of cases

Coronary artery calcification (CAC) is a pathological
deposition of calcium in the intimal and medial layer
of the arterial wall [1]. The presence of calcified
plaques in coronary arteries is an independent risk
factor for failure to recanalize [2]. The burden of
CAC disease is also a risk factor for major adverse
cardiac events (MACE), and mortality outcomes in
the future [3]. A plethora of therapeutic calcium
debulking techniques is available for the treatment
of CAC, including orbital or rotational atherectomy,
excimer lasers, cutting, and scoring balloons [4].
While these techniques can variably be employed,
a soaring rate of procedural complications, along
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have substantiated the efficacy of S-IVL in a variety of
CAC disease on a case-to-case basis [6-8]. We sought
to retrospectively review the efficacy and safety pro-
file at an individual case level.

2. Methods
2.1. Search strategy

Online databases including PubMed, Embase, and the
Cochrane Central Register of Controlled Trials were ret-
rospectively searched from January 2020 to inception.
The search strategy followed Preferred Reporting Items
for Systematic Reviews and Meta-Analyse (PRISMA)”
guidelines by using MeSH and keywords like ‘shockwave
intravascular lithotripsy,” ‘coronary lithotripsy,” ‘right
coronary artery, ‘left coronary artery, ‘acute coronary
syndrome,” ‘ST-elevation myocardial infarction,” and ‘cal-
cified coronary artery disease,’. The search items were
combined using Boolean operators (‘OR’; ‘AND’). No
filters including language, country of publication, and
type of articles, including abstracts and posters, were
applied. The references of individual case reports were

sifted to find any relevant cases. The available results were
downloaded into an EndNote library. The full search
strategy is shown in the PRISMA diagram (Figure 1).

2.2. Study selection

We exclusively selected case reports or case series.
Two authors (Y.S and S.B) independently reviewed
the abstracts, titles, and types of studies that meet
eligibility criteria during phase 1. The Disagreement
was resolved by consensus with a third author (W.U).
The second phase of the search included full-text
review of articles to enable identification of items
for data extraction based on the inclusion criteria.
Irrelevant articles at this stage were excluded with
due justification, as shown in Figure 1. The inclusion
criteria mandated the fulfillment of one of the follow-
ing: 1) Severe CAC disease with chronic or acute
stenosis with calcium angle >230 with failure of PCI
without IVL. 2) S-IVL at least one or multiple cycles
used for revascularization or to implant drug-eluting
stent (DES). 3) The CAC disease included the left
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Figure 1. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) search strategy diagram.
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Table 1. Baseline characteristic of included population, and
procedural characteristics.

Variables Mean/n (%)
Age (years) 71 £ 23
Male 16 (66.6%)
Female 8 (33.3%)
Chest Pain 12 (50%)
Hypertension 6(25%)
Smoking 2(8.33%)
Diabetes 5(20.83%)
Other Comorbidities 3(12.5%)
Procedural Characteristics

S-IVL Cycles (n) 6 (+3)
Created Pressure waves (atm) 5 (x1)
Catheter Size (French fr) 6 (1)
Inflated Balloon Size (X 12 mm) 3 (x1)
Number of Stent Pass 3 (%2)

Table 2. Association of mortality and complication with num-
ber of S-IVL cycles.

IVL Cycles (sample

n = 24)
<6; >6;

Variables n=18 n==6 P-value
Complications n (%) 1(6%) 1(17%) 0.04
Mortality (without prior comorbid 0 0 0.02

condition)
Mortality (with prior comorbid 0 3(50%) 0.02

condition)

coronary artery and its branches with or without the
involvement of their branches.

3. Results

We included 24 patients (Case reports n = 17; Case
Series n = 2). The mean age of the included popula-
tion was 71 + 9 years; with 67% males. The baseline
demographic and procedural characteristics are
shown in Table 1. In comparison of vascular site,
there was no significant difference in the mortality
of patients undergoing IVL for the stenosis of the left
main stem (9.1% vs. 16.7%, OR 0.94, 95% CI 0.04--
6.4, p = 0.5), left anterior descending (OR 0.8, 95% CI
0.036-6.9, p = 0.5), left circumflex artery (11.1% vs.
20%, OR 0.82, 95% CI 0.036-6.9, p = 0.61), or diag-
onal branch (13.6% vs. 0%, OR 0.27). Among 6
patients with S-IVL Cycles>3 with underlying comor-
bid conditions, mortality was reported in 3 patients
up to 50% in this subset (OR 37,95% Cl 1.54-886.04,
P 0.02). Out of 24 patients, 2 (8.33%) patients devel-
oped complications such as vessel dissection (OR 3.4,
95% Cl 17.87-64.68, P 0.4) (Table 2).

4. Discussion

Intravascular lithotripsy (IVL) is a modern derivative
of traditional lithotripsy used for kidney stones, that
can be implicated for severe calcified coronary artery
disease. One of the cornerstone features of IVL is its
pulsatile ultrasonic fracture of both intimal and

Table 3. Coronary intravascular lithotripsy indications.

® Evidence of stent under-expansion depicted by coronary angio-
gram or intravascular ultrasound or optical coherence tomography

® Failure to canalize a calcified coronary vessel using non-compliant
balloon dilation.

® Evidence of severe coronary artery calcification using intravascular
ultrasound or optical coherence tomography

® Left main coronary artery bifurcated calcified lesion
® Chronic total occlusion

® Rotational atherectomy failure or to augment rotational atherect-
omy procedure

medial vessel wall calcification, thereby providing
a luminal area gain to deploy stent [9]. IVL can be
potentially helpful in management in severely calci-
fied coronary artery disease including complex
chronic total occlusion or left main coronary disease
[10]. The proposed indications of S-IVL are shown in
Table 3.

5. Mechanism of action

The novel technique of S-IVL is designed to disrupt
the calcified plaques through localized sonic pressure
waves to improve the outcomes and minimize com-
plications. This system consists of a rechargeable gen-
erator, connector cable, intuitive catheter, and 2
shockwave emitters placed inside an expandable bal-
loon. The treatment is initiated by guiding the bal-
loon catheter through a 6Fr sheath, positioning it at
the site of stenosis, and inflating it up to 4 atm
pressure [9]. On activating the system, the battery-
powered generator delivers a series of electrical pulses
via connector cable into the lithotripsy emitters
which convert it into mechanical energy (sonic pres-
sure waves). The combined solution of saline and
contrast inside the balloon facilitates the transfer of
sonic pressure waves through the soft tissues into the
intimal and medial calcium deposits. These acoustic
waves deteriorate the calcium deposits by creating
multiple microfractures and eventually increase vessel
compliance (Figure 2).

The system of S-IVL is capable of delivering 8
cycles of a shockwave with 10 pulses per cycle and
one pulse every second which lasts for 1 microsecond
[9]. The IVL luminal gain and calcium fractures are
shown in the Optical Coherence Tomographic view
in Figure 2(b).

6. Efficacy of S-IVL

The coronary artery calcification is associated with
the failure of percutaneous coronary interventions
(PCI) and adverse cardiac events. The conventional
approaches to treat these calcified plaques have sev-
eral limitations due to procedural complications,
recurrence, and poor clinical outcomes. In 2017,



JOURNAL OF COMMUNITY HOSPITAL INTERNAL MEDICINE PERSPECTIVES . 203

a facilitates energy transfer
IVL=4 atm; Nominal=6atm; RBP=10 atm

/ that pulse once per second
/| / (80 pulses/catheter)

Create Sound
Waves

Couple to the

Vessel

Pre-IVL: Ca++ Arc,
Depth & Length

Post-IVL: Cat++
Modification Analysis

Generator
COMPACT & RECHARGABLE

Connector _ & mpLE & quick

Catheter
<«—— INTUITIVE & SAFE

Crack

Calcium

Expand the

Vessel

0=3.03mm MUA 6.41mm?
AS120% | | 0=2.84my
! L

Diameter (@)

\l(-n(vAppm'ﬂm E -
30 iy |50
p .‘.4‘.‘,,&’ - ot -

S /"\ o

10 20
mm ey

Post-Stent: MLA, MRAS,
& Strut Apposition

Figure 2. (a) showing components of IVL device. (b) showing mechanism of action of IVL and calcium fractures in a vessel by

optical coherence tomographic view.

(@) IVL device consisting of generator, connector, catheter with a balloon. (b) IVL catheter inside the coronary vessel expanded at 4 atm
pressure, an electrical signal creates pressure waves, waves travel through the soft structures of the vessels and crack intimal and medial
calcium deposits as shown by OCT image of pre-IVL and post IVL calcium fractures, and ultimately vessel expanded at 6 atm pressure to get

luminal gain in order to deploy stent.

S-IVL received European CE mark approval for com-
mercial use in the treatment of calcified plaques. The
efficacy and safety of this alternative treatment
approach are widely studied through multiple trials
and observational studies. A multicentric prospective
study, Disrupt CAD I, enrolled 60 patients with
severely calcified vessels in seven countries. Their

analysis demonstrated residual diameter stenosis of
13.3 + 11.6%, and successful stent implantation in all
patients [7]. Another prospective trial, Disrupt CAD
II, that studied 120 cases with extensive calcification
from nine countries; also reported successful out-
comes with residual stenosis of 7.8 + 7.1% and stent
delivery in 100% cases [8]. A recent prospective



204 Y. SATTAR ET AL.

observational study of 78 calcified lesions by Aksoy
et al. has shown a significant reduction in mean
diameter stenosis of up to 26.7 £ 4.3% after S-IVL
therapy [11]. Similar results are seen in
a retrospective study by Wong et al who reported
residual stenosis of <20% in all 26 cases [12]. In
addition, the acute luminal gain after S-IVL was
2.1 mm in Disrupt CAD I and 1.67 mm in Disrupt
CAD 1I [7,8]. The study by Aksoy et al. also supports
these findings as to the mean luminal gain after
S-IVL and post-stenting were 0.89 mm and
1.87 mm, respectively, [11]. Since severe calcification
is an important predictor of restenosis after PCI,
a pre-treatment with S-IVL can potentially increase
the vessel diameter and ensure effective stent place-
ment. The efficiency of S-IVL to disrupt the calcium
plaques can be witnessed from several studies that
report calcium fractures and reduced luminal calcium
angle. An optical coherence tomography sub-study of
Disrupt CAD I and Disrupt CAD II trials have shown
calcium fractures in 42.9% and 78.7% of the plaques,
respectively. The Disrupt CAD II also reported
a significant reduction in luminal calcium angle
from 266.3 + 77.1 at baseline to 215 + 69.4 post
S-IVL and stenting (p < 0.0001) [7,8]. The wide-
ranging benefits of S-IVL are further established
through a recent meta-analysis by Burneikaite et al.
which showed increased exercise capacity, improved
NYHA class, and reduced frequency of angina [13].

7. Complications

The complications of S-IVL can be categorized into
procedural and post-procedural. The procedural
complications may include slow flow, lack of reflow,
distal embolization, perforation, and arterial dissec-
tion. There were four cases of coronary artery dissec-
tion in Disrupt CAD I trial and in the study by Aksoy
et al. whereas only two patients experienced Type
B and C dissection in Disrupt CAD II study [9,11].
Our review also showed procedural complications in
2 patients out of 24, the most common reported
complication was coronary artery dissection. The
clinical success of S-IVL depends on the residual
diameter and major cardiac adverse events (MACE)
therefore assessment of death, myocardial infarction,
and coronary revascularization is critical. In Disrupt
CAD I, MACE was 0% at 30 days and 8.5% at
6 months with three MI events and two cardiac
deaths [7]. In our review, among six patients with
prior comorbidities, 3 had cardiac mortality. The
Disrupt CAD 1II trial reported a relatively higher
rate of 7.6% MACE at 30 days with MI in 8 patients,
cardiac death in 1 patient, and coronary revascular-
ization in 1 patient [8]. On the other hand, Aksoy
et al. reported 0 cases of in-hospital MACE.

7.1. Limitation

The data on S-IVL is limited as it is an upcoming
procedure, ongoing clinical trial including DISRUPT
CAD-IV (NCT04151628) will give us a better look of
efficacy and complications. More clinical trials com-
paring S-IVL with other calcium debulking proce-
dures are needed for calcified coronary disease.

8. Conclusion

Coronary artery calcifications contribute significantly
to the overall disease burden manifested by acute
coronary syndrome (ACS), which mandates immedi-
ate medical attention and PCI. The S-IVL is a safe
and effective treatment approach to disrupt the vas-
cular calcifications through localized, circumferential
sonic pressure waves. This modality when compared
to conventional approaches, requires minimal train-
ing and has excellent outcomes of luminal widening,
successful stent implantation, and reduced risk of
major adverse cardiovascular events. The observa-
tions noted in this case-series will need to be con-
firmed in adequately powered randomized clinical
trials in future.
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