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ARTICLE INFO ABSTRACT

Keywords: Background: The optimal treatment for coronary calcified nodules (CNs) is still unclear. The aim of this study was to
Percutaneous coronary intervention compare the modification of these lesions by coronary intravascular lithotripsy (IVL) and rotational atherectomy
Calcified nodules

(RA) using optical coherence tomography (OCT).

Methods: ROTA.shock was a 1:1 randomized, prospective, double-arm multi-center non-inferiority trial that compared
the use of IVL and RA with percutaneous coronary intervention (PCI) in severely calcified lesions. In 19 of the patients
out of this study CNs were detected by OCT in the target lesion and were treated by either IVL or RA.

Results: The mean angle of CNs was significantly larger in final OCT scans than before RA (92 + 17°vs. 68 + 7% p =
0.01) and IVL (89 * 18°vs. 60 + 10°% p = 0.03). The CNs were thinner upon final scans than in initial native scans
(RA:17.8 = 7.8 mmvs. 38.6 = 13.1 mm; p = 0.02; IVL: 16.5 = 9.0 mm vs. 37.2 + 14.3 mm; p = 0.02). Nodule
volume did not differ significantly between native and final OCT scans (RA: 0.66 = 0.12 mm® vs. 0.61 +
0.33mm% p = 0.68; IVL: 0.64 + 0.19 mm° vs. 0.68 = 0.22 mm>; p = 0.74). Final stent eccentricity was high with
0.62 = 0.10 after RA and 0.61 = 0.09 after IVL.

Conclusion: RA or IVL are unable to reduce the volume of the calcified plaque. CN modulation seems to be mainly in-
duced by the stent implantation and not by RA or IVL.

Intravascular lithotripsy
Rotational atherectomy
Intravascular imaging

1. Introduction

A calcified nodule (CN) is characterized on optical coherence tomogra-
phy (OCT) scans by intraluminal protrusion of a distinct nodular mass of
calcium evolving from an underlying heavily calcified plaque with or with-
out disruption of the intimal fibrous layer [1-6]. According to histology
data, >5 % of acute coronary syndromes are caused by thrombosis of CNs
[1,5,7,8]. Lee et al. have speculated that CNs may be induced by hinge mo-
tion of the vessel, resulting in breaks of calcium sheets and ultimately

disruption of the fibrous cap [9,10]. Patients presenting with CNs are usu-
ally older and have a high incidence of chronic kidney disease and hyper-
tension [5].

Due to the heavy calcification and the eccentric shape of these
intraluminally protruding lesions, interventional treatment of CNs is quite
difficult, and current data show unfavorable clinical outcomes after percu-
taneous coronary intervention (PCI) [11-13]. Therefore, it is imperative to
learn more about possible treatment options to improve the clinical out-
come of patients with CNs. The aim of this retrospective analysis of data

Abbreviations: CN, Calcified nodule; IVL, Intravascular lithotripsy; LAD, Left anterior descending artery; OCT, Optical coherence tomography; PCI, Percutaneous coronary intervention; RA,

Rotational atherectomy; RCA, Right coronary artery.
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from the ROTA.shock trial [14] was to analyze and compare the effects of
rotational atherectomy (RA) and intravascular lithotripsy (IVL) on CNs as
determined by OCT.

2. Material and methods
2.1. Study design and population

This is a retrospective substudy from the ROTA.shock-trial. The ROTA.
shock study was a randomized, prospective, double-arm, multi-center non-
inferiority trial designed to compare the performance of the Shockwave™
coronary IVL system (Shockwave Medical Inc., Santa Clara, CA, USA)
with RA regarding stent dimensions, lumen dimensions, and plaque modu-
lation as determined by OCT as well as regarding procedural success. The
primary endpoint was the minimal stent area at the end of the procedure.

From July 2019 until November 2021, 70 patients with clinically signifi-
cant and severely calcified coronary lesions were included in the ROTA.shock
trial in six centers in Germany and were randomly assigned to RA or IVL. The
primary inclusion criteria were clinically relevant coronary stenosis with
proven myocardial ischemia and severe calcification as defined by coronary
angiography: radiopacities noted without cardiac motion before contrast
injection and generally compromising both sides of the arterial lumen
[15,16]. The primary exclusion criteria were true bifurcation lesions requiring
two-stent strategies and cardiogenic shock requiring intravenous catechol-
amines. Detailed inclusion and exclusion criteria of the ROTA.shock trial
have been published previously [14,17]. All patients in whom CNs were
detected on OCT in the target lesion were included in the current substudy.

All patients gave their written informed consent before enrollment. The
study was conducted in accordance with the Declaration of Helsinki. The
study protocol was approved by the ethics committee of the Medical Fac-
ulty, Justus-Liebig University Giessen, Giessen, Germany (Number: 231/
18). The study was registered at https://www.clinicaltrials.gov with the
identifier NCT04047368.

2.2. Study procedure

After randomization to either IVL or RA, PCI was performed via radial
or femoral access with a 6 or 7Fr catheter. In a first step, a native OCT of
the lesion intended to treat was acquired using a 2.7Fr Dragonfly™ imaging
catheter (Optis™, Abbott Vascular, Santa Clara, Ca, USA). The mechanical
retraction speed was set to 18 mm/s over a length of 54 mm with auto-
mated OCT acquisition. Flushing of the vessel was performed using 20 ml
of standard contrast media at an injection rate of 4 ml/s.

If the patient was randomized to RA, a dedicated wire was advanced
through the lesion. The burr size was selected according to a burr-to-

Fig. 1. Two examples for calcified nodules in OCT.
The calcified nodules are marked with asterisks.
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angiographic reference vessel diameter ratio of 0.5. The rotational speed
ranged between 140,000 and 180,000 rotations per minute.

If the patient was randomized to IVL, the IVL balloon catheter (Shock-
wave C2™, Shockwave Medical Inc., Santa Clara, CA, USA), with diameter
selected 1:1 in relation to the angiographic reference vessel diameter, was
inserted using a standard coronary guidewire and positioned in the lesion.
The balloon was then inflated to 4 atm for each treatment cycle of 10 pulses
and subsequently to 6 atm. Treatment cycles were repeated as necessary to
cover the whole target lesion, with at least 2-3 cycles being applied to every
segment of the calcified lesion.

PCI was continued by non-compliant (NC) balloon dilatation and stent
implantation of second-generation drug-eluting stents (e.g. Xience™,
Abbott Vascular, Santa Clara, CA, USA) according to current clinical guide-
lines. The stent diameter was selected according to the angiographically
determined reference lumen diameter. After stent implantation, post-
dilatation with an NC balloon was obligatory. The NC balloon diameter
was either equivalent to the stent diameter or up to 0.5 mm larger.

Upon completion of the procedure, intracoronary nitroglycerine was
administered, and a final OCT scan covering the complete stent length
was acquired. Dual antiplatelet therapy was prescribed according to current
clinical guidelines.

2.3. OCT analysis

OCT image analysis was performed at the core lab (Medizinische Klinik
1, Universitatsklinikum Giessen, Giessen, Germany) using a dedicated OCT
analysis software (QIVUS™ OCT Software, Medis, Leiden, Netherlands).
OCT cross-sectional images were analyzed at 1-mm intervals using the
methods recommended in the expert consensus report for OCT and previ-
ous publications [4-6,9]. OCT imaging was carried out before PCI (“native”
OCT), after RA or IVL (“post”), and after stent implantation (“final”). To as-
sess the effects of treatment, final OCT scans were analyzed in order to
match vessel segments to those in baseline (native) OCT scans using ana-
tomical landmarks (e.g. side branches, characteristic plaque structures). Ac-
cording to previous publications, CNs were identified on OCT as
intraluminal protrusions of a distinct nodular mass of calcium evolving
from an underlying heavily calcified plaque with or without disruption of
the intimal fibrous layer [1-6]. Examples of CNs are displayed in Fig. 1.

2.4. Statistical analysis

Continuous variables are summarized as mean = standard deviation,
and categorical variables are provided as n (%). The Kolmogorov-
Smirnov test was performed to test for parametric distribution. To test for
statistical differences between two groups for comparison of continuous
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variables, either a t-test for unpaired samples (parametric distribution) or a
Mann-Whitney U test (non-parametric distribution) was used. For categor-
ical variables, a Chi-squared or Fisher's exact test was carried out. Statistical
analyses were performed using SPSS version 28.0 (IBM SPSS Statistics, IBM
Corporation, Armonk, NY, USA). A two-sided P < 0.05 was considered
significant.

3. Results
3.1. Patient data

A total of 19 patients out of the ROTA.shock main study matched the in-
clusion criteria for this subanalysis, showing CNs in the treated vessel seg-
ment. RA was performed in 7 (37 %) of these patients, IVL in 12 patients
(63 %). The mean patient age was 73 = 9 years and most of the patients
were male (15/19; 79 %). There were no significant differences regarding
baseline characteristics between the RA and IVL groups (Table 1).

3.2. Procedural data

Most target lesions were located in the left anterior descending artery
(LAD) (11/19; 58 %) and in the right coronary artery (RCA) (7/19;
37 %). PCI was performed via radial access in the majority of the patients
(14/19; 74 %). Pre-dilatation using NC balloons was performed in 10 out
of 19 patients (53 %). The mean IVL balloon diameter was 3.3 *
0.4 mm, and the mean burr size for RA was 1.5 = 0.2 mm. Overall, there
were no significant differences regarding procedural characteristics be-
tween the RA and IVL groups. Additionally, there did not occur any acute
complications in the course of PCI in both groups. Detailed procedural
data are shown in Table 2.

3.3. Native OCT analysis of calcified nodules

The mean angle of CNs was 63 = 11°, with a maximum angle of 95 +
33°. CNs had a mean length of 13.6 + 11.7 mm, a mean thickness of
37.7 + 14.0 mm, and a mean volume of 0.66 + 0.29 mm°>. CNs were asso-
ciated with an extremely eccentric lumen (maximum lumen eccentricity
0.33 £ 0.12). Plaque erosion of the CNs was present in 8 patients (42 %).
Analysis of native OCT scans showed no significant differences in lesion
and CN characteristics between the RA and IVL groups. Detailed results
are shown in Table 3.

Table 1
Baseline characteristics.
RA IVL P-value
n=7 (n=12)
Age (years) 75 £ 7 70 £ 7 0.18
Male 5(71.4) 10 (83.3) 0.48
BMI (kg/m?) 28 =5 27.+5 0.58
Previous MI 2(28.6) 6 (50.0) 0.12
Previous PCI 4(57.1) 6 (50.0) 0.72
Previous CABG 2(28.6) 3(25.0) 0.66
Hypertension 6 (85.7) 12 (100) 0.45
Diabetes mellitus 3(42.9) 3(25.0) 0.3
Hyperlipidemia 3(42.9) 10 (83.3) 0.12
Active smoking 0 (0) 2(16.7) 0.21
LVEF (%) 53.9 + 10.3 55.2 + 5.0 0.38
Clinical presentation
STEMI 0(0) 0(0) >0.99
NSTEMI 0(0) 1(8.3) 0.45
Unstable angina 0(0) 1(8.3) 0.45
Stable CAD 7 (100) 10 (83.3) 0.59

Values are mean = standard deviation or n (%); Abbreviations: BMI: body-mass
index; CABG: coronary artery bypass graft; CAD: coronary artery disease IVL:
intravascular lithotripsy; LVEF: left ventricular ejection fraction; MI: myocardial
infarction; NSTEMI: non-ST-segment elevated myocardial infarction; PCIL: percuta-
neous coronary intervention; RA: rotational atherectomy; STEMI: ST-segment
elevated myocardial infarction.

39

Cardiovascular Revascularization Medicine 68 (2024) 37-42

Table 2
Procedural characteristics.
RA VL P-value
(n=7) (n =12)
Target vessel
LM 0(0.0) 0(0.0) 0.72
LAD 4(57.1) 7 (58.4)
Cx 0 (0.0) 1(8.3)
RCA 3(42.9) 4(33.3)
Femoral access 1(14.3) 4 (33.3) 0.17
Radial access 6 (85.7) 8(66.7) 0.43
Max. sheath size (French) 6.2 = 0.4 6.8 = 0.6 0.3
Lesion length (mm) 19 £ 7 18 £ 8 0.54
Predilatation 2(28.6) 8(66.7) 0.07
Max. pressure (atm) 16.0 = 3.4 17.0 = 5.2 0.59
Max. balloon diameter (mm) 3.0 £ 0.7 2.9 * 0.6 0.92
RA max. burr size (mm) 1.5 = 0.2
RA number of runs 23 + 09
IVL balloon diameter (mm) 3.3 04
IVL number of treatment cycles 59 + 2.6
Stent diameter (mm) 3.6 = 0.8 3.4 = 04 0.62
Stent length (mm) 26.7 £ 9.7 26.0 = 8.2 0.87
Postdilatation 7 (100) 12 (100) >0.99
Max. pressure (atm) 3.7 £ 08 20 = 3 0.75
Max. balloon diameter (mm) 3.8 £ 0.7 19 £ 6 0.77
Contrast media (ml) 162 + 60 181 = 66 0.52
Procedure time (min) 63 = 20 75 * 21 0.25
Dose-area product (cGy*cm?) 8068 + 5044 6547 + 4873 0.8

Values are mean =+ standard deviation or n (%); Abbreviations: Cx: circumflex
artery; IVL: intravascular lithotripsy; LAD: left anterior descending artery; LM: left
main; RA: rotational atherectomy; RCA: right coronary artery.

3.4. Post-RA/IVL OCT analysis of calcified nodules

The mean angle of CNs was 75 + 23°, with a maximum angle of 114 +
50°. The mean CN length after RA or IVL was 9.0 = 5.3 mm, the mean
thickness was 29.1 = 11.0 mm, and the mean volume was 0.63 =+
0.20 mm?®. The maximum lumen eccentricity was 0.38 = 0.11. Plaque rup-
tures after RA or IVL were present in 6 patients (32 %), and dissections were
present in 9 patients (47 %). The mean lumen gain was 0.42 *+ 0.36 mm?>.
See Table 4 for detailed results.

3.5. Final OCT analysis of calcified nodules
The mean angle of CNs was 90 + 18°, and the maximum angle was

140 *+ 52°. CNs had a mean length of 12.1 + 5.3 mm, a mean thickness
0f16.9 + 7.5 mm, and a mean volume of 0.64 + 0.15 mm?®. The maximum

Table 3
Native OCT analysis of calcified nodules.
RA VL P-value
=7 (n = 12)
Mean angle (°) 68 = 7 60 = 10 0.18
Max angle () 109 + 23 86 + 39 0.31
Mean nodule length (mm) 143 = 7.3 13.3 = 16.4 0.75
Mean nodule thickness (mm) 38.6 = 13.1 37.2 £ 143 0.89
Mean nodule volume (mm?) 0.61 + 0.33 0.68 + 0.22 0.56
Minimum lumen diameter (mm) 1.82 = 0.20 2.01 + 0.51 0.42
Minimum lumen area (mm?) 2.35 £ 0.76 294 + 1.29 0.47
Maximum lumen diameter (mm) 3.63 = 0.34 4.26 + 0.93 0.17
Maximum lumen area (mm?) 10.40 + 3.87 14.83 = 6.71 0.24
Mean lumen diameter (mm) 2.85 + 0.34 3.05 = 0.49 0.49
Mean lumen area (mm?) 6.65 = 1.57 7.77 + 2.47 0.41
Maximum lumen eccentricity 0.38 £ 0.07 0.31 = 0.14 0.31
Mean reference diameter (mm) 2.89 + 0.55 3.00 = 0.54 0.62
Plaque rupture 0(0) 0(0) >0.99
Plaque erosion 3(42.9) 5(41.7) 0.92
Dissection 0 (0) 0 (0) >0.99

Values are mean =+ standard deviation or n (%); Abbreviations: IVL: intravascular
lithotripsy; RA: rotational atherectomy.
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Table 4 Table 5
Post-RA/IVL OCT analysis of calcified nodules. Final OCT analysis of calcified nodules.
RA? IVL P-value RA IVL P-value
(n=7) (n =12) (n=7) (n =12)

Mean angle (°) 78 = 18 73 = 22 0.63 Mean angle (°) 92 = 17 89 = 18 0.89
Max angle () 135 = 60 103 = 30 0.22 Max angle () 145 = 55 138 + 47 0.82
Mean nodule length (mm) 10.4 = 3.3 8.2 + 6.7 0.35 Mean nodule length (mm) 13.0 = 49 11.8 = 5.7 0.55
Mean nodule thickness (mm) 28.4 + 9.8 295 + 12.3 0.82 Mean nodule thickness (mm) 17.8 + 7.8 16.5 + 9.0 0.73
Mean nodule volume (mm?) 0.63 + 0.15 0.63 £ 0.26 0.98 Mean nodule volume (mm?) 0.66 + 0.12 0.64 = 0.19 0.94
Minimum lumen diameter (mm) 2.20 = 0.28 2.07 + 0.61 0.55 Minimum lumen diameter (mm) 3.08 + 0.58 291 + 0.50 0.53
Minimum lumen area (mm?) 3.84 = 0.97 3.64 £ 1.25 0.77 Minimum lumen area (mm?) 7.68 £ 270 6.83 * 2.29 0.5
Maximum lumen diameter (mm) 3.85 + 0.46 3.94 = 0.75 0.43 Maximum lumen diameter (mm) 424 + 0.77 437 = 0.76 0.72
Maximum lumen area (mm?) 11.80 = 2.72 13.01 = 4.63 0.74 Maximum lumen area (mm?) 14.51 = 4.85 15.44 = 5.37 0.71
Mean lumen diameter (mm) 2,97 * 0.44 3.11 * 0.49 0.58 Mean lumen diameter (mm) 3.65 = 0.65 3.53 * 0.44 0.68
Mean lumen area (mm?) 7.19 + 2.05 8.14 + 2.64 0.4 Mean lumen area (mm?) 10.81 + 3.58 10.10 = 2.51 0.65
Maximum lumen eccentricity 0.36 = 0.06 0.38 = 0.13 0.75 Maximum lumen eccentricity 0.60 = 0.08 0.55 = 0.08 0.17
Mean reference diameter (mm) 2.95 * 0.49 3.09 = 0.57 0.67 Minimum stent diameter (mm) 3.04 = 059 2.80 * 0.53 0.39
Plaque rupture 4(57.1) 2(16.7) 0.19 Minimum stent area (mm?) 7.49 £ 274 6.35 = 2.40 0.38
Dissection 4 (57.1) 5 (41.7) 0.86 Maximum stent diameter (mm) 4.10 = 0.79 4.00 = 0.56 0.77
Mean lumen gain (mm?) 0.54 = 0.48 0.37 = 0.33 0.32 Maximum stent area (mm?) 13.62 = 491 12.78 = 3.43 0.7
. . . Mean stent diameter (mm) 3.57 = 0.65 3.41 = 0.46 0.59
Values are mean + standard deviation or n (%); Abbreviations: IVL: intravascular Mean stent area (mm?) 10.36 + 3.53 942 + 2.54 0.55
lithotripsy RA: rotational atherectomy. Maximum stent eccentricity 062 + 010 061 + 009 074
Mean reference diameter (mm) 3.10 = 0.44 3.14 * 0.50 0.87
Stent expansion 0.82 + 0.13 0.79 = 0.13 0.59
lumen eccentricity was 0.57 + 0.09. The mean stent diameter was 3.46 + Stent malapposition present 7 (100) 12 (100 >0.99
0.53 mm, and the mean stent area was 9.85 + 3.03 mm?2. The maximum Maximum distance of njna'lapposmzon (mm) 0.70 = 0.14 0.76 = 0.36 0.65
L. . . Mean area of malapposition (mm®) 0.87 £ 0.61 0.70 = 0.47 0.53
stent eccentricity was 0.61 * 0.08 (Fig. 2). Stent strut malapposition was Mean lumen gain (mm?2) 416 + 2.80  2.33 + 2.01 0.29

present in all 19 patients (100 %). The mean lumen gain was 3.03 =+
2.66 mm?. Restilts of the detailed final OCT analysis are shown in Table 5.

Values are mean =+ standard deviation or n (%); Abbreviations: IVL: intravascular
lithotripsy RA: rotational atherectomy.

Fig. 2. Eccentric drug-eluting stent after percutaneous coronary intervention of a calcified nodule using intravascular lithoplasty.
The calcified nodule is marked with an asterisk.
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3.6. Modulation of calcified nodules by RA

The mean angle of CNs was significantly larger in final OCT scans than
in scans made before RA (92 = 17° vs. 68 = 7°% p = 0.01; Table 6). The
mean length of CNs did not differ significantly when comparing final and
native OCT images (13.0 + 4.9 mm vs. 14.3 + 7.3 mm; p = 0.67). The
mean thickness of CNs was significantly reduced after RA (17.8 =+
7.8 mm vs. 38.6 = 13.1 mm; p = 0.02). CN volume did not differ signifi-
cantly (0.66 = 0.12 mm? vs. 0.61 = 0.33 mm>; p = 0.68; Table 6).

3.7. Modulation of calcified nodules by IVL

The mean angle of CNs was significantly larger after IVL (89 = 18° vs.
60 + 10°%p = 0.03; Table 7). The mean length of CNs did not differ signif-
icantly between final and native OCT scans (11.8 = 5.7 mm vs. 13.3 *
16.4 mm; p = 0.62). CNs were significantly thinner after IVL (16.5 =
9.0 mmvs. 37.2 = 14.3 mm; p = 0.02), although CN volume did not differ
significantly (0.64 + 0.19 mm® vs. 0.68 = 0.22 mm>; p = 0.74; Table 7).

4. Discussion

The main findings of this study are the following: 1) treatment of CNs by
RA or IVL does not result in a significant reduction of the plaque mass of the
CNs; 2) PCI using RA or IVL leads to a significant reduction in CN thickness;
3) PCI using RA or IVL is associated with a significant increase in the mean
angle of CNs; 4) stent eccentricity is high after PCI of CNs using IVL or RA.

To our knowledge this is the first study to analyze the effects of RA and
IVL on CNs using OCT. CNs are known to be associated with unfavorable
clinical outcomes after implantation of second-generation drug-eluting
stents [11,12]. The reasons for this impaired outcome are unclear thus
far, but the extensive calcification as well as the eccentricity of the lesions
have been discussed as possible causes.

Neither RA nor IVL result in a significant reduction in plaque volume of
the CNs. Hence, both techniques fail to promote lumen gain by ablating or
compressing the calcified mass of CNs. This may be one important reason
for the impaired clinical outcome after PCI of CNs, since inadequate lesion
preparation is usually associated with a smaller final lumen area and less-
than-optimal stent expansion [6,10,11,18]. Lumen gain seems to be
achieved primarily by overexpansion of the vessel.

Significant modifications of CN lesions were only observed after stent
implantation, upon final OCT. Both RA and IVL in combination with stent
implantation resulted in a significant reduction of CN thickness as well as
a significant increase in the mean plaque angle. Hence, CNs are displaced
with no significant reduction in their mass. Whether the observed modifica-
tion of the CNs may occur without prior IVL or RA application, and thus
only be an effect of the stent implantation, cannot be clarified based on
the data we gathered. It remains unclear whether RA or IVL induce invisible
fracturing or “softening” of the CN that improves final stent expansion.
However, the clinical data that are available thus far support the hypothesis
that PCI of CNs using RA does not lead to an improvement of the result
compared to PCI using classical NC-balloon angioplasty prior to stent im-
plantation. Watanabe et al. reported no reduction of the incidence of

Table 6
Modification of calcified nodules by RA.
Before RA Final OCT P-value
=7 =7
Mean angle (°) 68 = 7 92 + 17 0.01
Max angle () 109 + 23 145 += 55 0.24
Mean nodule length (mm) 143 = 7.3 13.0 = 4.9 0.67
Mean nodule thickness (mm) 38.6 = 13.1 17.8 + 7.8 0.02
Mean nodule volume (mm?) 0.61 = 0.33 0.66 = 0.12 0.68

Values are mean + standard deviation. Abbreviations: OCT: optical coherence
tomography; RA: rotational atherectomy.
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Table 7
Modulation of calcified nodules by IVL.
Before IVL? Final OCT P-value
(n =12) (n =12)
Mean angle (°) 60 = 10 89 + 18 0.03
Max angle () 86 + 39 138 = 47 0.06
Mean nodule length (mm) 13.3 + 16.4 11.8 = 5.7 0.42
Mean nodule thickness (mm) 37.2 £ 143 16.5 = 9.0 0.02
Mean nodule volume (mm?) 0.68 = 0.22 0.64 + 0.19 0.74

Values are mean + standard deviation. Abbreviation: IVL: intravascular lithotripsy;
OCT: optical coherence tomography.

ischemia-driven target vessel revascularization using RA as compared to
NC-balloon dilatation in the interventional treatment of CNs [19].

Stent eccentricity is high after PCI of CNs using RA or IVL (Fig. 2), with
no significant differences between the two techniques. Stent eccentricity
was 0.62 + 0.10 after RA and 0.61 * 0.09 after IVL in this analysis, and
a value of <0.7 is usually defined as eccentric [20]. Rheude et al. reported
a lower stent eccentricity of 0.70 = 0.06 after PCI of severely calcified le-
sions using RA and 0.74 + 0.09 after using super high-pressure balloons
[20]. The high stent eccentricity after PCI of CNs using RA or IVL. may con-
tribute to an impaired clinical outcome, since high stent eccentricity is usu-
ally associated with higher event rates after PCI [21].

4.1. Limitations

This study has some important limitations. This is a retrospective anal-
ysis with a small number of patients. Despite the fact that ROTA.shock was
a randomized clinical trial, this current subanalysis has a selection bias,
since only patients in whom CNs were identified in the target lesion in
OCT were included. The RA group consisting of 7 patients was smaller
than the IVL group, which comprised 12 patients. Nevertheless, there
were no significant differences regarding baseline, procedural, and lesions
characteristics between the two groups. Therefore, it is unlikely that the dif-
ferent sizes of the groups may have influenced the results.

The reported rate of predilatation may be biased by the fact that the
study protocol allowed predilatation in order to acquire a native OCT,
and therefore predilatation was sometimes performed just in order to fol-
low the protocol and acquire a native OCT. However, this bias would
have affected both groups in the same way and should not have influenced
the main result.

Finally, another important limitation is the lack of outcome data, since
the aim of this analysis was to evaluate only the acute effects of RA and
IVL on CNs.

4.2. Clinical implications

This study is the first to provide morphological explanations for the im-
paired outcome after PCI in patients with CNs. Both RA and IVL seem to be
unable to reduce the plaque volume of CNs, and modification of the nod-
ules, including a reduction in thickness and an increase in the plaque
angle, seems to be driven mainly by the stent implantation and not by the
previous RA or IVL. Additionally, stent eccentricity remains extremely
high after PCI with RA or IVL. Based on the data we gathered, there
seems to be no relevant effect of RA or IVL on the CN plaque structure.
Whether other techniques such as the use of cutting/scoring balloons,
high-pressure balloons, or orbital atherectomy may lead to better results
needs to be analyzed in future trials. A combination therapy of RA followed
by IVL may also be an alternative for the interventional therapy of CNs, but
so far there are only case reports regarding this therapy in severely calcified
lesions but not in CNs available. Nevertheless, PCI of CNs will remain chal-
lenging due to the high lesion eccentricity and extensive calcification, and it
will be important to identify or develop other effective interventional treat-
ment options, since we will encounter these structures more often due to
the increasing patient age.
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5. Conclusion

PCI with RA and IVL does not lead to a significant reduction of the
plaque volume of CNs. CN modification, including a reduction of plaque
thickness and an increase in plaque angle, seems to be induced by a dis-
placement of the CNs in the course of stent implantation and not by RA
or IVL.
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