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Abstract

Coronary artery disease and atherosclerosis are a very significant and widespread problem in modern medicine. The development of
current diagnostics and treatment of atherosclerotic lesions is moving towards minimally invasive methods. The purpose of this article
is to present selected novel methods of treating coronary atherosclerosis, comparing their effectiveness, indications, contraindications,
and possible complications. A literature review of selected treatment methods for calcified atherosclerotic lesions was conducted in the
online databases of PubMed, PubMed Central, Google Scholar, and NCBI. It includes original and review papers. The main language

» « » <«

of the articles was English. The search used keywords such as “coronary artery disease,” “calcified atherosclerotic lesions,

» .

atherectomy;

rotational
intravascular lithotripsy,” and “RotaTripsy, as well as related phrases. After analyzing the abstracts, the papers that most
closely matched the stated topic were selected. Atherosclerosis is the leading cause of coronary heart disease incidence. Several risk
factors, both non-modifiable and modifiable, predispose to its occurrence. Heavily calcified atherosclerotic plaques are associated with
a higher risk of coronary artery disease consequences. Currently, methods such as CT coronary angiography and optical coherence
tomography are used for diagnosis. Endovascular therapies are now recommended for the treatment of atherosclerosis with heavily
calcified plaques. Rotational atherectomy, intravascular lithotripsy and RotaTripsy are promising methods for treating high-grade ath-
erosclerosis with calcified deposits. However, especially in the case of RotaTripsy, further clinical studies are required to better evaluate
the efficacy of this novel method.
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Introduction

Heavily calcified coronary lesions, a major manifesta- pansion and malposition, prolong procedural time, and
tion of coronary artery disease (CAD), pose a significant  increase the risk of complications during percutaneous
challenge in the field of interventional cardiology. They  coronary intervention (PCI). Understanding the epide-
can hinder device delivery, lead to suboptimal stent ex- miology, pathophysiology, symptoms, diagnosis, and
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prognosis associated with these lesions is crucial for ef-
fective management. The development of heavily calcified
coronary lesions involves the accumulation of calcium
deposits within the arterial walls, which reduces vessel
elasticity and compliance, contributing to atherosclero-
sis and coronary artery narrowing. In recent years, there
has been significant advancement in both diagnostic and
therapeutic methods aimed at detecting and treating
arterial calcification diseases using minimally invasive
techniques. The aim of this paper is to review selected
therapeutic methods in interventional cardiology, their
efficacy, and potential complications.

Etiology of coronary lesions

The modifiable risk factors for atherothrombosis, a major
contribution to CAD and subsequently, acute coronary
syndromes (ACS), were initially identified in the INTER-
HEART study and show partial overlap with those docu-
mented in the MESA study."?! These factors include age,
male sex, white race, and traditional cardiovascular risk
factors such as hypertension, body mass index, diabetes
mellitus, glucose levels, family history of heart attack, and
the occurrence and development of coronary artery cal-
cium (CAC).!>3 A risk calculator available on the MESA
website estimates the 10-year risk of CAD by incorporat-
ing MESA risk factors alongside CAC, which is quantified
through computed tomography (CT) using the Agatson
scoring method.!># Examples of modifiable and non-mod-
ifiable risk factors for ACS are presented in Table 1.

Pathophysiology of coronary lesions

The division of arterial calcification into two primary types,
medial and intimal, remains significant in tailoring modifi-
cation strategies. Calcific atherosclerosis is primarily pres-
ent in the intima. Various theories exist regarding the for-

mation and progression of calcification; however, the full
mechanism behind the advancement of CAC still remains
unclear. Vascular calcification was formerly considered an
inert and degenerative process, but it is now understood
that it can be both active and passive.’! In recent years,
the theory of active calcification has emerged as a major
model of vascular mineralization and atherosclerosis.!®!
According to this theory, pro-atherogenic stimuli facili-
tate the phenotypic conversion of vascular smooth muscles
cells (VSMCs) into osteoblast-like cells. Factors such as
hypercalcemia, hyperphosphatemia, tumor necrosis fac-
tor-a and platelet-derived growth factor-BB can stimulate
VSMCs to secrete exosomal forms, such as matrix vesicles,
which serve as the driving force behind calcium precipita-
tion.”) Inflammation most likely precedes calcification and
plays a major role in its progression.[®8! The passive theo-
ry of calcification is based on Urry’s charge neutralization
hypothesis.[°) Elevated phosphate ion levels correlate with
tissue-nonspecific alkaline phosphatase (TNAP), which
hydrolyzes pyrophosphatase (PPi) into inorganic phospha-
tase (Pi), thereby promoting calcification.!'! Li et al. and
Tani et al. explored the connection between TNAP and
CAG; however, further studies are needed due to TNAP’s
pleiotropic functions.!!!"'*/ For many years, atherosclerot-
ic plaques have been classified into two dominant pheno-
types: stable plaques, characterized by the progression of
extensive calcifications, and unstable (vulnerable) plaques,
which contain characteristic microcalcifications. Howev-
er, recent studies have questioned this paradigm. In their
chapter of the book, Cardoso L. and Weinbaum S. argue
that when microcalcifications are present in the cap of a
stable plaque, the plaque may become vulnerable due to a
localized increase in stress, which could surpass the rup-
ture threshold.>) Chronic total occlusions, which represent
the stable plaque type, often require calcium modification
before stent positioning.['*1%1 A simplified pathophysiolo-
gy of coronary lesions is presented in Fig. 1.

Table 1. Examples of modifiable and non-modifiable risk factors for coronary artery disease

Modifiable risk factors

Non-modifiable risk factors

Arterial hypertension
Hypercholesterolemia
Diabetes mellitus

Obesity

High body mass index (BMI)
Waist-to-hip circumference ratio
Dietary patterns

Low physical activity

Smoking

Excessive alcohol consumption
Metabolic syndrome

Stress

Sex (male)

Age (>55 male, >60 female)

Premature menopause

Family history of myocardial infarction

Family history of hypertension
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hypercalcemia
hypercholesterolemia
smoking, alcohol
arterial hypertension
diabetes
age, male sex
genetic factors
inflammation, ROS
etc.

Endothelial
intimal
membrane
disfunction

microcalcifications
platelets activation
low NO secretion
expression of adhesive molecules
VSMC convertion or apoptosis
expression of inflammatory substances

(cytokines)
Foam cells

Atherosclerosis
Plaque Damage
Thrombosis
ACS

Figure 1. Pathophysiology of coronary lesions. ROS: reactive
oxygen species; NO: nitric oxide; VSMC: vascular smooth muscle
cell; ACS: acute coronary syndrome.

Review methods

The review is based on scientific publications retrieved
from the PubMed, PubMed Central, Google Scholar, and
NCBI databases. The reviewed articles are primarily in En-
glish and Polish. After an initial evaluation of the article
abstracts, meta-analyses and reviews that best aligned with
the stated topic and reflected current medical knowledge
were selected. Finally, 62 articles were analyzed.

Diagnostic methods for CAD

Coronary computed tomography angiography (CCTA) is
the most important non-invasive imaging technique for
detecting calcium. When compared to grayscale intravas-
cular ultrasound (IVUS) or optical coherence tomography
(OCT) - the gold standards for detecting coronary cal-
cium - coronary angiography has low to moderate sen-
sitivity.l'”l However, its positive predictive value is very
high.['8! The SCOT-HEART (Scottish Computed Tomogra-
phy of the HEART) trial demonstrated a significantly lower
incidence of the combined endpoint of cardiovascular death
or non-fatal myocardial infarction (2.3% vs. 3.9% during a
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five-year follow-up) among patients who underwent CCTA
along with routine testing. In a multicenter study by Wil-
liams et al., images from 1769 patients who underwent
CCTA during the SCOT-HEART multicenter randomized
controlled trial were used for the CACS-DRS (Coronary
Artery Calcium Data and Reporting System) evaluation to-
gether with CAC-RADS (Coronary Artery Disease-Report-
ing and Data System) score.'”) Calcium in CCTA and in
the CACS-DRS is detected as an area of hyperattenuation,
defined as a region of at least 1 mm? with >130 Hounsfield
units or >3 adjacent pixels using the Agatston method.?"!
The CAD-RADS score evaluates lesion severity and was
upgraded to CAC-RADS 2.0 due to advancements in CT
technology, recent clinical trials, and updated guidelines. 2!/
The study results indicated that the risk of experiencing
fatal and non-fatal myocardial infarctions increased with
higher scores on both of the aforementioned metrics.!!”!
Using OCT, it is possible and effective to plan revascular-
ization and predict the necessity and efficacy of devices
for managing calcified lesions.!?”) The OCT-based calcium
scoring system suggests that lesions with calcium pools
having a maximum angle of >180°, a maximum thickness
of >0.5 mm, and a maximum length of >5 mm may be
more susceptible to stent underexpansion.?"??] Together
with IVUS, it provides a thorough assessment of cross-sec-
tional calcium distribution.!?) In the ESC 2022 Guidelines
for the Management of ACS, IVUS received a Class IIb rec-
ommendation, particularly for cases involving an uncer-
tain culprit lesion.!?*! The results from a study conducted in
2024 represent the most contemporary systematic review
and meta-analysis of intravascular imaging-guided PCI.
The findings suggest that the use of OCT or IVUS is asso-
ciated with a reduced incidence of major adverse cardiac
events (MACE), cardiac death, stent thrombosis, target-
lesion revascularization, and target-vessel revasculariza-
tion.[?*! OCT is a high resolution imaging technique (10
times greater than IVUS) that enables quantitative evalu-
ations of calcified plaques. It measures calcium angle, area,
depth, volume and thickness, and also detects microcalcifi-
cations.[$222526] Additionally, while OCT provides a clear-
er depiction of calcium disruption, its limited penetration
may cause it to overlook deep calcifications.8! IVUS, due to
its deeper ultrasound penetration, can semiquantitatively
measure calcium deposit length and angle.l®!8] According
to the 2021 ACC/AHA/SCAI Guideline for Coronary Artery
Revascularization, if intravascular imaging reveals calcium
accumulation greater than 500 pm or calcium involving a
vessel arc of more than 270°, lesion modification will be re-
quired to facilitate stent placement.’?”) However, eccentric
calcification (occupying <180° of the vessel’s cross-section)
has been associated with a higher risk of complications
during stent placement, compared to concentric calcium
(occupying >180° of the vessel’s cross-section).l?®?°! The
pooled analysis from disrupt CAD studies also suggests
that coronary intravascular lithotripsy (IVL) is a feasible
front-line tool for eccentric CAC, facilitating stent delivery.
While eccentric calcification allows non-calcified areas to
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expand for stent placement, it may also increase the risk of
vessel perforation.’) However, the role of atherectomy in
modifying eccentric calcium remains unclear and requires
further research. For atherectomy to have a direct ablative
effect, it must make contact with the calcified segment.2%)

Rotational atherectomy

Rotational Atherectomy (RA), also called rotablation, is a
procedure developed more than three decades ago by Da-
vid Auth. These procedures are performed using the Ro-
taPro system, manufactured by Boston Scientific. RA is a
highly effective technique designed to modify the size of
atherosclerotic plaques, widen the lumen of occluded ar-
teries, and reduce the hardness of the modified lesion.3!]
These modifications are achieved using a single high-speed
(140,000-180,000 rpm - rotation per minute) elliptical drill
(boron) with diamond fines (20-30 pum) on its surface.
The drill operates on the principle of “differential cutting”
(preferential cutting), meaning it preferentially ablates hard
and inflexible structures such as plaque while sparing soft
tissues. These ablations break down the atherosclerotic
plaque to particles smaller than 10 pm, allowing them to
flow freely through the coronary microcirculation without
causing secondary embolism with plaque material.*?/ The
RA system is guided by a steel guidewire (RotaWire), and
is powered by compressed air or nitrogen. Its speed is con-
trolled by a console that also contains the motor. The con-
trol mechanism is located on the drill advancement device
(advancer). The system also includes a specialized tube,
which delivers a flushing solution containing heparinized
saline and Rotaglide lubricant (a composition of egg whites
and olive oil) to the ablation site. When necessary, the vaso-
dilators can also be added. The fluid serves to lubricate the
system, dissipate temperature, and prevent a sudden drop
in drill speed.[?*!

Indications and contraindications for RA

The primary indication for RA is the presence of severely
calcified atherosclerotic lesions, particularly those whose
hardness and size prevent balloon angioplasty and prop-
er drug-eluting stent (DES) deployment. However, in such
cases, rotablation is considered an additional procedure
to facilitate those techniques by modifying the plaque and
minimizing the risk of late lumen loss or other major car-
diovascular events, such as myocardial infarction, target ves-
sel revascularization, and target lesion revascularization.**!
The ROTAXUS study suggests that RA alone has a high
restenosis rate. The combined use of RA and DES appears
to be the most effective strategy. However, this study did
not demonstrate a significant advantage of RA + DES over
DES implementation without prior RA. Additionally, more
than half of the study group had moderate atherosclerotic
plaques, suggesting that RA may yield better outcomes in
patients with severely calcified lesions. This subgroup may
have the most favorable results from RA + DES combina-

tion therapy.[*¥ Contraindications for RA are categorized
as absolute and relative. Absolute contraindications include
atherosclerotic lesions in venous bypass grafts, the presence
of thrombi, and angiographic findings suggesting a dis-
section in the occluded vessel. Relative contraindications
include severe left ventricular failure (ejection fraction
<30%), severe lesions involving up to three coronary ves-
sels, severe unprotected left main coronary artery (LMCA)
occlusion, atherosclerotic lesions >25 mm in length, and
atherosclerotic lesions in tortuous coronary segments with
an angulation >45°.32]

Complications of RA

Complications associated with the rotablation procedure
largely overlap with those seen in other PCI procedures.
The use of an intravascular catheter, which facilitates the
use of boron, carries some mild complications. These are
usually in the form of local injuries resulting from the fem-
oral artery puncture, such as hematomas or pseudoaneu-
rysms. Life-threatening complications include perioper-
ative events, although these are less common. They may
involve cardiac arrhythmias, conduction blocks requiring
temporary pacing, tamponade, myocardial infarction, or
stroke, which can lead to death during the procedure. There
are also a number of complications related to the insertion
of the catheter with the boron, including vessel perforation
or dissection, stuck drill, and slow-reflow/no-reflow. The
incidence of perioperative complications is approximately
7%.532) Slow-reflow/no-reflow phenomena are among the
most common complications in this group of patients, with
an incidence ranging from 3% to 27% of cases.**! Over the
past thirty years of RA, studies have demonstrated and re-
fined techniques aimed at minimizing the aforementioned
perioperative complications. Some of the most relevant
studies include the randomized CARAT (Coronary An-
gioplasty and Rotablator Atherectomy Trial) and STRATAS
(Study to Determine Rotablator and Transluminal Angio-
plasty Strategy), both published in 2001. Based on their re-
sults, it was determined that using a boron with a diameter
of less than 0.7 relative to the diameter of the vessel lumen
was most advisable. It was shown that using drills with a
ratio exceeding this value did not yield better procedural
outcomes than those performed with smaller drills. In con-
trast, the risk of perioperative complications increased with
larger drill diameter.®) It is optimal to gradually modify
the plaque by using short ablation attempts (15-20 sec-
onds), keeping the boron speed in the range of 140,000 to
150,000 rpm, and avoiding rapid decelerations greater than
5000 rpm. These measures help prevent thermal damage
and platelet aggregation, as well as mechanical complica-
tions such as vessel perforation and drill entrapment. Ad-
ditionally, it is advisable to use a flushing mixture to ensure
adequate cooling and prevent friction. The use of vasodila-
tors contributes to the prevention of slow-reflow/no-reflow
phenomena. Pharmacotherapy with IIb/IIIa receptor an-
tagonists or adenosine is also employed to prevent compli-
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cations such as angina and myocardial infarction.!*>3¢! In
exceptional cases, it may also be advisable to treat transient
bradycardia with atropine or temporary cardiac pacing to
prevent bradyarrhythmia during procedures on the right
coronary artery. In high-risk procedures, mechanical cir-
culatory support such as the Impella device, may also be
necessary.3132!

Orbital atherectomy

Orbital Atherectomy (OA) is a method used to facilitate
PCI and peripheral endovascular procedures. The goal of
this technique is to damage and alter the compliance of
calcified plaques, making balloon inflation and stent de-
ployment easier. For performing OA, appropriate equip-
ment is necessary, called the Orbital Atherectomy System
(OAS), which includes the following: a coronary atherec-
tomy device, an atherectomy pump, a coronary guidewire
of at least 6 French, and a lubricant and saline solution.[38]
After obtaining vascular access, the calcified lesion is lo-
calized using angiography or IVUS. Then, the guidewire
and atherectomy device equipped with a rotating drill are
introduced through the vascular access. The procedure in-
volves 30-second passes with the rotating device at a speed
of 80,000-120,000 rpm through the calcified lesion, with a
maximum speed of 1 mm/s. The maximum duration for
using a single device is five minutes. After this time, the
result of the procedure is assessed using a balloon. If full
expansion is not achieved, OA may be repeated before stent
implantation. 341

Indications and contraindications for OA

The FDA (Food and Drug Administration) has approved
the OA system for the treatment of advanced calcifications
in coronary arteries. The decision to use OA depends on the
thickness and grade of calcification. Studies indicate that
atherosclerotic lesions with a calcium layer thinner than
0.24 mm can be effectively treated before stent implanta-
tion. Research also shows that the use of OA for treating
calcified lesions with a Calcium Score of at least 4 points
increases the chance of successful stent placement.[3>4047]
OA is contraindicated in situations where the guidewire
insertion could damage the vessel or where insertion is im-
possible due to the presence of a thrombus or the consis-
tency and size of the calcification. If the lesion is located in
a transplanted organ or stent, or if only one coronary artery
is patent (in cases of multi-vessel disease), or if the coro-
nary artery is dissected, the procedure is contraindicated.
OA is also not performed in pregnant women or children.
Special caution should be exercised when performing the
procedure in patients with an ejection fraction <25%, when
treating lesions in the right coronary artery or left circum-
flex artery (due to the increased risk of heart block), and
when the coronary vessels are tortuous.373)

Novel Treatment Methods of Coronary Artery Disease

Complications of OA

The first clinical studies investigating OA were the ORBIT
I and ORBIT II trials. ORBIT I was a non-randomized
study involving 50 patients. This study assessed the safe-
ty and efficacy of OA in the treatment of de novo heavily
calcified lesions. The results of this study indicated a pro-
cedural success rate of 94%.14%42] The ORBIT II trial was
a multicenter, prospective, open-label study involving 443
patients. This study focused on evaluating complications
following the use of OA, specifically MACE. After the use
of OA, 89.6% of patients did not experience MACE during
the 30-day period (95% CI: 86.7%-92.55%). The incidence
of MACE during hospitalization, one year, and three years
after the procedure was 9.8%, 16.4%, and 23.5%, respective-
ly.244] The results of ORBIT 1I showed that MACE oc-
curred less frequently three years after OA, compared to
the two-year results of the previously mentioned ROTAX-
US study. Based on these results, OA received FDA approv-
al in 2013.144%] Tn 2018, a study was conducted to analyze
the incidence of MACE in patients not included in the
ORBIT II study - specifically, patients with LMCA disease
and those with an ejection fraction of <25%. The results of
this study indicated that one year after the OA procedure,
87.3% of patients did not experience MACE or cerebrovas-
cular incidents. ¢!

Intravascular lithotripsy

Intravascular Lithotripsy (IVL) is a new technology that
delivers ultrasound waves at a specific frequency to the ath-
erosclerotic vessel wall, causing the atherosclerotic plaque
to vibrate and break down. The IVL device consists of sev-
eral key components that enable precise and effective treat-
ment. At its core, there is a portable generator with a re-
chargeable battery, which generates the electrical impulses
that power the ultrasound wave emitters. A cable connects
the generator to the control button, allowing manual op-
eration of the IVL process. The central component of the
device is the balloon catheter, which contains a core that
emits ultrasound waves. This core, located inside the bal-
loon, is the crucial element that converts electrical impuls-
es into ultrasound waves. During the IVL procedure, the
balloon catheter is inserted into the affected atherosclerot-
ic blood vessel, where it facilitates the targeted disruption
of calcified plaques. Using a plastic guidewire, the balloon
catheter is precisely positioned at the intervention site. In-
side the balloon, two ultrasound wave emitters respond to
electrical impulses from a generator. These emitters cause
the fluid inside the balloon to vaporize, leading to rapid
expansion and contraction of microbubbles. This process
generates an acoustic pressure wave with an intensity ap-
proaching 50 atmospheres, transferring mechanical energy
to the vessel walls. The mechanism helps disrupt athero-
sclerotic plaques and restore normal blood flow. The IVL
device offers various size and technical options. The bal-
loons are available in diameters ranging from 2.5 mm to 4
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mm, allowing precise adjustment to different vessel sizes.
The standard catheter length is 12 mm, ensuring adequate
penetration and effectiveness within the vessel.*”)

Indications and contraindications for IVL

In the treatment of coronary lesions, the effectiveness of
different methods can vary depending on the lesion’s char-
acteristics and location. The main indication for IVL is the
presence of heavily CAC lesions that are difficult to treat ef-
fectively with standard intervention methods. Heavily cal-
cified lesions can hinder high-pressure balloon expansion
and make balloon catheter insertion challenging. In such
cases, the vessel lumen can be prepared using aforemen-
tioned rotablation. This method is also effective for treating
restenosis after stenting, especially when combined with
IVL.5051 RA can, though, prepare the vessel for IVL cathe-
ter insertion. However, certain factors may prevent success-
ful IVL, including tortuous vessels, critical vessel stenosis,
multiple stented areas, or an unfavorable atherosclerotic
plaque shape. In these cases, inserting and positioning the
lithotripsy balloon may be difficult or even impossible. To
minimize the risk of complications and adequately evaluate
the patient before IVL, vascular imaging is recommended.
OCT provides a detailed evaluation of vascular lesions be-
fore the planned intervention, helping clinicians select the
optimal treatment strategy for each patient.!>?!

Complications of IVL

Rarely, serious complications such as MACE, can oc-
cur after IVL on coronary vessels. In a study conducted
on a large group of 308 patients, 14 cases of MACE were
recorded.l>>* Additionally, 6 cases of mild vessel dissec-
tion (types A-C) were observed, while severe dissection
(types D-F) was not reported. Vascular dissection can
occur due to the rupture of the lithotripsy balloon when
excessive pressure is applied under unfavorable vascular
conditions. ! A retrospective study by Wilson et al. indi-
cates that IVL procedures may be associated with a high
incidence of arrhythmias, especially in patients with a low
heart rate before the procedure. The study results showed
that an imposed ventricular rhythm occurred in 77.8% of
cases during IVL. Patients with a pre-procedure heart rate
below 65 BPM were 16 times more likely to experience ar-
rhythmias during the intervention./>®

RotaTripsy

Treating coronary lesions with a high calcium content (CL-
HCC) can be challenging. Preparation for stent placement
in CLHCC is often a multi-step process, as balloon angio-
plasty alone is usually ineffective. The presence of coronary
calcification is associated with poorer post-PCI outcomes,
primarily due to inadequate stent expansion and misplace-
ment. This can lead to an increased risk of stent thrombosis
or restenosis. Both RA and IVL have significantly improved

treatment efficacy in patients with this condition.!>”) For ef-
fective treatment of heavily calcified lesions, a combined
approach using the aforementioned tools — RotaTripsy - is
increasingly required. Buono et al. published a paper eval-
uating the effectiveness and safety of the RotaTripsy meth-
od in 34 patients with CLHCC in the coronary arteries.
The study population consisted primarily of men around
75 years old with multiple comorbidities. In 97% of cas-
es, RotaTripsy was used to treat de novo lesions. The right
coronary artery was the most frequently affected vessel,
with calcium deposits present in 50% of patients. Proce-
dural success was achieved in all patients, with no signif-
icant in-hospital complications. There were no in-hospital
deaths, target-vessel myocardial infarctions (TV-MI) or
complications requiring urgent cardiac surgery. However,
the researchers observed several serious complications oc-
curring later after the procedure. The most common com-
plication was coronary artery perforation, which can po-
tentially lead to cardiac tamponade. One patient developed
a retroperitoneal hematoma related to the femoral artery
access site. Within an average follow-up period of up to one
year, 9% of patients died, with one death attributed to car-
diovascular complications. Additionally, two patients de-
veloped TV-MI during this period.*8! Gonzélvez-Garcia et
al. described seven cases of patients treated with the Rota-
Tripsy technique. The study demonstrated the effectiveness
of this method. The patients were all men, with an average
age of 76 years. Six of them had lesions in the left anterior
descending artery, a branch of the LMCA. Initially, RA was
performed to modify the lesion and facilitate passage of the
balloon catheter.®®) However, despite RA, it failed to dilate
the sites with heavily calcified lesions. Subsequently, IVL
was performed, effectively breaking up the calcified inner
and middle membranes, allowing successful balloon dila-
tion, followed by the implantation of a DES. One patient
developed an Ellis ITI-type coronary perforation, likely due
to an excessively large or ill-fitting stent rather than the
technique used. The complication was successfully treat-
ed with the implantation of a covered coronary stent. The
study suggests that the RotaTripsy technique may be ben-
eficial in treating severe stenosis with both peripheral and
deep calcium clusters in coronary vessels. Despite the high-
er cost of the procedure, the combined method is consid-
ered worthy of consideration due to the lower risk of adverse
events associated with underexpanded stents.[) However,
patients with implanted stents may develop restenosis and
calcification at the implant sites.®!) Chen et al. presented
the first reported case of a patient undergoing RotaTrip-
sy for the treatment of severely calcified neoatherosclero-
sis. In a 61-year-old man who had previously undergone
coronary artery bypass grafting (CABG) and multiple PCI
in the right coronary artery, coronary angiography re-
vealed in-stent restenosis (ISR) in a DES implanted in the
artery. Calcification within the restenotic region was also
confirmed by OCT. In this patient, a combined approach
using RA and IVL allowed for the successful placement of
a new DES. A 1.5 mm boron and 4x12 mm balloon were

Folia Medica | 2025 | Vol. 67 | No. 2



used, achieving low-pressure acute luminal gain. The use of
RotaTripsy in the treatment of ISR remains a controversial
topic. However, in this case, the combined approach yield-
ed successful results. Excimer laser coronary atherectomy
has been proposed as an alternative to RotaTripsy in ISR
treatment. Unfortunately, this method has limitations, in-
cluding intracoronary bubble formation and a higher risk
of perioperative myocardial infarction, but this discussion
is beyond the scope of this study.[¢?!

Conclusion

Coronary artery disease with heavily calcified lesions pres-
ents a significant clinical challenge, necessitating accurate
diagnosis and targeted treatment. Modern endovascular
techniques such as RA, OA, IVL, and RotaTripsy have
demonstrated effectiveness in removing calcium depos-
its and preparing coronary vessels for DES implantation.
These methods show promising results with low compli-
cation rates, though complications are not entirely absent.
Further randomized controlled studies involving larger
patient cohorts, including those with multi-vessel disease,
are required to comprehensively evaluate the long-term
outcomes of these techniques, assess their comparison, and
establish standardized guidelines for their application.
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