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ABSTRACT

Vascular calcification is a hallmark of atherosclerosis and adds considerable challenges for percutaneous coronary intervention (PCI). This review underscores
the critical role of coronary computed tomography (CT) angiography in assessing and quantifying vascular calcification for optimal PCI planning. Severe
calcification significantly impacts procedural outcomes, necessitating accurate preprocedural evaluation. We describe the potential of coronary CT for
calcium assessment and how CT may enhance precision in device selection and procedural strategy. These advancements, along with the ongoing Precise
Procedural and PCI Plan study, represent a transformative shift toward personalized PCl interventions, ultimately improving patient outcomes in the chal-

lenging landscape of calcified coronary lesions.

Introduction

Vascular calcification is a hallmark of atherosclerosis. Coronary
calcification increases with age and is present in 90% of men and 66% of
women older than 70 years." Coronary calcification is more common in
individuals with risk factors for coronary artery disease, such as hyper-
tension, smoking, hyperlipidemia, diabetes, and renal dysfunction.z’4 It
is also promoted by treatments commonly associated with reducing
cardiovascular events, such as statins.”

Calcification poses considerable challenges for percutaneous
coronary intervention (PCI) by reducing vascular compliance,
impacting device delivery, and hampering balloon and stent expan-
sion.® Studies have demonstrated that severe target lesion calcifica-
tion is associated with worse short- and long-term outcomes than
those in patients without calcification.” Patients with severe calcifica-
tion treated with PCI have higher rates of cardiac death, myocardial

infarction, and stent thrombosis than those with no or mild coronary
calcification.”

Coronary computed tomography (CT) angiography has been
increasingly adopted in the evaluation of patients with chest pain.®? CTis
a highly sensitive method to assess calcium, enabling calcific plaques to
be characterized morphologically in their longitudinal and circumferential
extension.'® Uniquely, CT also has a role in assessing calcium density and
resistance to fracture.!” This review offers a state-of-the-art update on
calcium evaluation by coronary CT and presents future perspectives on
the use of CT for calcium assessment relevant to PCl planning.

Pathology of arterial calcification

Arterial calcification is characterized by the accumulation of calcium
phosphate with the formation of hydroxyapatite crystals.'? Continued

Abbreviations: CT, computed tomography; CTO, chronic total occlusion; IVI, intravascular imaging; OCT, optical coherence tomography; P4, Precise Procedural and PCI Plan; PCI,

percutaneous coronary intervention.
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ossification and calcium deposition increase plaque density and size.
The presence of calcium relates closely to vascular injury and inflam-
mation.' "% Vascular calcification can be restricted to the intima, asso-
ciated with atherosclerosis, or confined to the media layer.”
Atherosclerotic intimal calcification is the most common type of calcific
vasculopathy within the coronary vasculature.'® Inflammatory mediators
in the lipidic milieu induce osteogenic differentiation of vascular
smooth muscle cells.”>® Both intima and medial calcification span a
wide range of molecular pathways, including inflammation, apoptosis,
disruption of calcium phosphate homeostasis, matrix vesicle extrusions,
osteogenic transformations, extracellular matrix degeneration, and
genetic aberrations.!* Calcification can also manifest in the adventitia.'’
Increasing evidence suggests the active involvement of the adventitia in
atherosclerosis, with inflammation occurring in atherosclerotic disease.
Inflammatory processes in the adventitia can extend to the intima,
fostering the progression of atherosclerosis in that tissue.'® The specific
mechanisms underlying adventitia calcification remain unclear. Calcifi-
cation in the adventitia may arise from fibroblasts that have undergone
transformation into myofibroblasts or smooth muscle cells."

Intimal calcification progresses from micro and punctate calcifica-
tion (spanning from 0.5 pm to 1 mm in diameter) to fragment calcifi-
cation, typically from 1 to 3 mm in diameter, to sheet calcifications,
which are larger than 3 mm and can extend circumferentially 360°."
Nodular calcification is another type of intimal calcification classified as
eruptive or noneruptive. Eruptive nodules are irregular and are
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associated with thrombosis and fibrin, while smooth nodules have a
more regular surface and an intact fibrous cap.20 Figure 1 shows the
classification of arterial calcifications and their appearance in coronary
CT angiography and optical coherence tomography (OCT).

Calcium and PCI

Since the early phase of PCI, calcified lesions have represented
one of the most challenging subsets to treat.’’ Although clinical
outcomes have been improved with contemporary drug-eluting
stents, a pooled analysis including more than 19,000 patients
demonstrated that PCl in moderate to severe calcified coronary ste-
nosis is still associated with a higher rate of major adverse events,
including a higher rate of cardiac death and stent thrombosis,
compared to PCl in noncalcified lesions.”

Calcific plaques reduce vessel compliance, impair device deliver-
ability, hamper symmetric balloon expansion, and lead to stent
underexpansion (Figure 2)."® In eccentric calcified plaques, balloon
dilatation results in the stretch of the compliant (noncalcified) part of
the vessel and uneven distribution of the forces applied by the balloon
to the vessel wall. Moreover, high-pressure dilatation at the interface
between calcium and soft tissue disrupts the vessel, commonly
resulting in coronary dissections.'® Extensive calcification also ham-
pers device crossability and may affect the integrity of stent struts

OCT

* Fragment calcification

**%* Nodular calcification

Types of calcifications. Histological, coronary computed tomography angiography (CTA), and optical coherence tomography (OCT) findings are shown for different levels of calci-
fication. The histological sections (T to W) of the intimal calcifications were stained with hematoxylin and eosin. White arrowheads indicate internal elastic lamina. Modified and

reproduced with permission from https://doi.org/10.1016/jacc.2021.06.049.
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Figure 2.

Percutaneous coronary intervention complications related to arterial calcification.
(A) Attempted crossing of a calcified lesion with a stent, leading to an unsuccessful
traversal associated with a partial decrimping and longitudinal compression of the stent.
(B) Stent under deployment observed in an inadequately prepared calcified lesion. (C)
Coronary rupture occurring during predilatation of a calcified lesion insufficiently pre-
pared beforehand.

when pushed forcefully downstream. Furthermore, treatment of cor-
onary calcium with ablative technologies has been associated with
particle embolization, resulting in an increased rate of periprocedural
myocardial infarction.

Calcium is the single most critical predictor of stent expansion.???

In addition, asymmetric stent expansion and malapposition are
frequently observed after PCl in calcific lesions.?’ Stent under-
expansion, assessed by measuring the minimal stent area, is an inde-
pendent predictor of clinical outcomes after drug-eluting stent
implantation.”>?®  Therefore, adequate vessel preparation with
advanced plaque modification is paramount to obtaining appropriate
vessel dilatation with larger luminal areas and optimizing stent expan-
sion in calcified lesions.

The calcification severity evaluated by imaging determines the ne-
cessity of advanced plaque modification before stenting.??® The
available tools for calcium preparation can be divided into ablative
technologies aimed primarily at reducing calcium volume (eg, rotational
and orbital atherectomy) and those targeting modification of plaque
compliance (eg, lithotripsy and scoring/cutting balloons).® Table 1
summarizes the available methods for coronary calcified lesion
preparation.

Characterization of calcium

The quantification of calcium severity before PCI allows for pre-
dicting case complexity, device crossability, and the probability of stent
underexpansion. Coronary CT, conventional or enhanced angiography,
and intravascular imaging (IVl) can assess the calcification burden
qualitatively and quantitatively. Table 2 summarizes the characteristics
of the different imaging techniques.

The absorption and attenuation coefficient of radiation within a
tissue plays a crucial role in CT reconstruction, generating a grayscale
image.27 Hounsfield units (HU) express CT attenuation values. On the
Hounsfield scale, water is assigned 0 HU, while air is given —1000 HU.
Upper limits extend to 1000 for bones, 2000 for dense bones like the
cochlea, and surpass 3000 for metals such as steel or silver. A higher HU
number corresponds to a brighter pixel intensity. Calcium, with its
higher atomic number and density compared to most tissues, results in
increased X-ray attenuation, reducing the passing X-ray intensity. Due
to its density, calcium appears bright white on a CT scan.?’ Tissue
density is proportionate to the X-ray attenuation, aiding in the differ-
entiation of calcified structures. The HU is named after Godfrey
Hounsfield, a Nobel Prize recipient in 1979.

The calcium score, developed in 1990, is the first quantitative cal-
cium measurement accounting for the area and the density of the
calcified plaques.28 The density is measured in HU and reflects the
strength of the plaque. The Agatston score has been extensively uti-
lized for risk stratification in patients with cardiovascular risk factors.?” In
the PCl field, Sekimoto et al*” reported that a per-lesion calcium score
>453 predicted the need for rotational atherectomy.

A more refined evaluation of calcium can be performed by admin-
istering contrast for a coronary CT angiography. The 3-dimensional (3D)
maximum intensity projection is an automatic reconstruction that por-
trays the distribution of calcium in the aorta and coronary tree (Figure 3).

Table 1. Imaging modalities to assess coronary calcifications.

Calcium score Coronary CT angiography Angiography IVUS OCT
Modality Noninvasive Noninvasive Invasive Intravascular Intravascular
Resolution — 0.5 mm 0.1 mm 100-200 um 10-20 pm
Contrast — + + — ++
Quantification + — — + +
Arc - ++ - +++ +++
Thickness — ++ — +/— 4+
Length - ++ - +++ +++
Density — +++ — — _
3-Dimensional - + — — +/—

CT, computed tomography; IVUS, intravascular ultrasound; OCT, optical coherence tomography.
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Table 2. Devices for advanced calcium modification.

Device

Characteristics

Mechanism of action

Indication

Scoring/cutting
balloon

Intravascular

Semicompliant or noncompliant surrounded by an
external helical scoring edge.

IVL catheter consists of a 0.014” guidewire compatible,

The device creates 3 or 4 endovascular radial incisions
through the fibrocalcific tissue by scoring/cutting force. It
allows further expansion compared with conventional
balloons.

The IVL system incorporates a portable regenerator to

1. Proximal and distal lesions
2. Aorto-ostial lesions

3. Tortuous coronary segments
4. After RA, OA, or IVL

1. Deep calcification and

lithotripsy balloon angioplasty catheter with 2 spark gap-based provide energy, and the transmitters produce intermittent calcified nodules
lithotripsy emitters incorporated into the shaft of the 12 sonic pressure waves, resulting in the delivery of mechanical 2. Large vessels
mm long balloon. energy to the target lesion. The acoustic energy results in 3. Stent under expansion (off-
the creation of micro-cracks within the calcified plaque with label)
each transmission and consecutive impulses causing an 4. Bifurcation lesions
increase in vessel compliance with preservation of 5. Calcified aorto-ostial lesions
underlying wall composition with reduced atmospheric
pressures compared to balloon inflation.
Rotational A rapidly rotating olive-shaped metallic burr coated with  Ablates plaque using a diamond elliptical burr, rotating at 1. Undilatable and/or balloon
atherectomy small diamond crystals on its distal end. The burr 135,000 to 180,000 rpm by a helical driveshaft that advances uncrossable lesions
diameter ranges between 1.25 and 2.5 mm. gradually across a lesion over a dedicated guidewire. 2. Superficial or nodular
The basic physical principle is differential cutting, which calcification
allows the advancing burr to selectively cut inelastic material 3. Very tight calcified stenoses
while elastic tissue deflects away from the burr. 4. Long calcified lesions
As 95% of the particles generated by rotablation are less 5. Selected calcified bifurcation
than 5 microns in diameter, they are removed from the body lesions, if side-branch wire
by the reticuloendothelial system. protection is not mandatory
Orbital A drive shaft eccentrically mounted diamond-coated An eccentrically mounted diamond-coated crown orbits at 1. Undilatable lesions
atherectomy crown modifies the plaque and increases the luminal size  high speeds and removes a thin layer of calcific plaque. By 2. Superficial or nodular
and compliance. centrifugal forces, the crown orbits allow for the continuous calcification
flow of blood during ablation. An average particle size of 3. Selected calcified bifurcation
debris of 2.04 um—smaller than a red blood cell—may lesions, if side-branch wire
contributes to low rates of no-reflow and transient heart protection is not mandatory
block with orbital atherectomy. It also works bidirectionally,
ablating plaques while being advanced and retracted.
Laser Catheter delivered photoablation for molecular Laser atherectomy uses a xenon-chloride monochromatic 1. Uncrossable lesions
atherectomy breakdown of tissue. exciter laser to produce bursts of ultraviolet light at 308 nm. 2. Stent under expansion

Efficient in fibrous but less so with severe calcium.

The light is readily absorbed by plaque and thrombus in a
similar fashion. Light energy absorption almost
instantaneously releases a laser-induced pressure wave. The
pressure wave initiates rapid fluid displacement, which leads
to vapor bubble formation and collapse, leading to
vaporizing and debulking of plaque.

3. Fibrotic intimal hyperplasia
causing in-stent restenosis

IVL, intravascular lithotripsy; OA, orbital atherectomy; RA, rotational atherectomy.

The 3D maximum intensity projection allows for an intuitive evaluation
of the global burden of calcium and its location, providing an initial
automated appraisal of PCI complexity.31 Itis important to consider that
CT-derived calcium volume exhibits a 60% overestimation relative to
OCT."® Extending the reconstruction to coronary vessels, multiplanar
reconstructions, and cross-sectional views are useful to assess calcifi-
cation severity, which can be quantified in terms of arc, thickness, and
length. These 3 parameters derived from IVI (specifically OCT) have
been shown to be associated with stent underexpansion.’”?* The
likelihood of stent underexpansion is high when the arc is >180,
thickness >5 mm, and length >5 mm.?%%3 Monizz et al'® showed that
calcium arc, thickness, and length can be accurately derived from cor-
onary CT angiography using OCT as a reference. Using a similar
methodology based on coronary CT angiography, Sekimoto et al*°
showed the clinical relevance of this approach by identifying that an arc
of calcium >270° predicted the need for rotational atherectomy.
Beyond the classical morphological assessment of calcium, CT offers
the possibility to stratify calcium based on density. This approach partly
mimics that utilized in the classical Agatston score extended to coronary
CT angiography. In CT analysis, calcific plaques can be defined as those
structures with HU >380 or 400 HU. These are easy plaque elements to
visualize due to the bright aspect of the image. The intensity of calcium
within the plaques can differ, ie, there are calcific plaques with low and
high HU. In patients with coronary artery disease, calcific plaques with
HU <1.000 have been linked to plaque vulnerability, whereas calcium
calcific plaques with HU >1.000 are associated with better prognosis.®

Similarly, with noncontrast calcium scoring, higher calcium density ap-
pears to confer a lower risk of mortality. >

The density of calcium measured in terms of HU is also a marker of
biological resilience, reflecting its hardness. In patients with calcific
stones in the urinary tract, HU have been used to predict the efficacy of
shock wave lithotripsy. The higher the stone density in HU, suggesting
higher calcium strength, the stronger the acoustic energy needed to
achieve fragmentation.** Therefore, the HU in calcific plaques allows for
assessing the “resistance” of the plaque to fracture. Ultimately, the
objective of calcific lesion modification before PCl is to fracture calcium,
which would improve vessel compliance, and allow separation of cal-
cium fragments to permit adequate stent expansion.35

In coronary arteries, CT-derived calcium density has demonstrated
clinical utility in predicting the necessity for advanced plaque modifi-
cation. Kurogi et al'’ reported that high calcium density (>637 HU) at
the cross-sectional CT predicted the need for rotational atherectomy.
The stratification of calcium based on density represents a novel
approach for guiding plaque modification and, following proper vali-
dation, should assist in device selection. The hypothesis is that calcific
plaque with greater density (ie, higher HU) may require advanced
preparation (lithotripsy, atherectomy, etc.).

It is essential to recognize the current limitations of this approach,
given that the absolute HU measured at the level of the calcified plaque
depends on the CT acquisition parameters (eg, kilovolts) and contrast
iodine concentration.*® Therefore, it becomes challenging to use ab-
solute HU since it will depend on the scan. In addition, some algorithms
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Evaluation of arterial calcification with coronary
computed tomography angiography. (A) Three-
dimensional angiography derived from computed to-
mography, providing an overview of the calcification
level throughout the entire coronary tree. (B) Curved
multiplanar reconstruction and (C) straight multiplanar
reconstruction of the left anterior descending artery.
These projections enable precise assessment of cal-
cium location and length at the vessel level. (D) Vessel
cross-sections illustrating the areas where calcium
density was evaluated along the circumference. (E)
Cross-section of the same vessel highlighting the
contouring of the lumen and vessel. (F) Cross-section of
the same vessel demonstrating the assessment of the
calcium arc angle. HU, Hounsfield unit.

sseew

HU, HowmstieM Unit

for motion correction and image enhancements may alter the intensity
of the image, further hampering the comparability of HU at the level of
coronary plaques between scans.

Circumferential calcifications

Segments with circumferential calcium are of great concern during
PCl because they may lead to severe stent underexpansion if not

adequately treated. The exact mechanism of calcific ring formation
remains poorly understood. Calcium deposition may initiate as a sheet
of calcium that expands circumferentially until a complete connection is
made. Further calcium growth would increase its density and thickness.
Okutsu et al®’ have shown that calcium thickness and density are
strongly correlated.

In cases of circumferential calcification, we have observed het-
erogeneity in the density across the calcium arc. To quantify this
phenomenon, we measured calcium density at every 0.5 mm and
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90° interval in circumferential calcifications. Using this approach, we
were able to quantify the variability in intensity across circumferen-
tial calcifications (Figure 4). We hypothesized that calcified struc-
tures with nonuniform composition or variation in their density are
more susceptible to breakage or fracture. In contrast, vessels with
circumferential calcium with high and homogenous intensity along
the circumference might be more difficult to fracture.

A Cc E

3D calcium evaluation

Using coronary CT, calcified plaques can be reconstructed, and the
disease can be displayed as a color-coded 3D structure. 3D calcium
evaluation represents a novel and intuitive way to evaluate calcium.
Notably, 3D representation of the plaque and lumen permits the
assessment of the plaque’s location relative to the vessels'

G I

.00 00
0000

Calcium density

Figure 4.

Distribution of density in circumferential calcifications. The central image illustrates an isolated coronary calcification. This structure undergoes detailed analysis through 10 cross-
sectional images (labeled A-J). In each cross-section, the original form is displayed at the top, while a representative view is presented at the bottom. The representative view is defined
through 4 dials, each indicating the maximum density recorded in Hounsfield units (HU). Additionally, a color-coded scale is applied to represent varying density levels. NA,

not available.
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CRA 40/ RAO 40

Figure 5.

CRA40/LAO 110

CRA60/RAO 170

Location of the calcium according to the vessel circumference. The upper row showcases 3 distinct projection angles of the same left anterior descending (LAD) vessel, highlighting
the distribution of calcium around the vessel. In the lower row, 3 distinct projection angles of the same right coronary artery (RCA) vessel are displayed, serving the same purpose. This
figure illustrates that calcium can be situated at the epicardial or myocardial quadrant of the vessels. CRA, cranial; LAO, left anterior oblique; RAO, right anterior oblique.

circumference. Using this approach, calcium can be described based on
the vessel wall location as in the superior (epicardial) or inferior
(myocardial) segment or, more specifically, at the upper left, upper right,
lower left, and lower right quadrants (Figure 5).

The location of the calcium relative to the vessel circumference is
clinically relevant because it permits assessing device friction based on
the expected wire bias. Understanding wire bias may allow for tailoring
plaque preparation strategies. The passage of equipment during cor-
onary intervention occurs via a coronary guidewire (0.014 inches in
diameter), over which devices can be used. The position of the
guidewire in the coronary vessel is determined by the anatomy and
compliance of the coronary tree, namely curvature, tortuosity, and
radius. For the proximal part of the vessel, the position of the guiding
catheter also influences the position of the wire inside the coronary
artery. By combining this information, the position of the wire relative to
the calcium can be estimated. In other words, the probability of contact
between calcifications and devices (eg, stents, rotablation burr) can be
predicted. The mechanism of action of devices like rotational atherec-
tomy depends on the direct ablation of the calcified plaque. Therefore,
predicting the path of the coronary wire and its relationship to calcium
may aid in selecting plaque modification tools based on their mecha-
nism of action.

The position of the wire inside the vessel can be predicted based on
factors such as the vessel's anatomy and wire properties.*®*? Several
methods, such as the finite-element method, mass-spring model, and
rigid multibody links, have been proposed to simulate the wire's path in
arteries.>” These methods are based on mathematical assumptions or
formal material simulations. Other approaches that follow the
assumption that wire adopts the straightest configuration within a
tortuous vessel have also been proposed.’C In this regard, it has been
demonstrated that combining CT imaging and graph theory allows the
prediction of patient-specific wire pathways within the coronary vessel
through the minimization of the wire's total bending energy.*® This

approach based on wire's bending energy minimization assures a
satisfactory trade-off between accuracy and computational costs and
has been validated against OCT images. By leveraging 3D model
coronary CT angiography, 3D models can be used to predict the path of
the wire and, hence, the point of contact between the wire and the
vessel can be estimated. The possibility to predict the wire bias inside
the 3D model of the vessel, integrated by information on calcium
location, density, and thickness, can support the clinical design of the
treatment strategy at a superior level.

The circumferential location of the calcium relative to the vessel
cross-section can be extracted along the length of the vessel from
coronary CT angiography (Figure 6). Subsequently, information on the
predicted wire's path location can be overlaid on the calcium density/
thickness maps around each vessel’s cross-section luminal surface. This
framework can be adopted to predict the wire's location with respect to
the calcifications on the vessel's wall.

Coronary CT angiography holds the potential to answer 2 relevant
questions: when should advanced calcium plaque modification be
employed, and, equally important, which is the device of choice? The
availability of noninvasive calcium metrics that complement the infor-
mation obtained with intravascular techniques may be a major step
forward in the field of coronary CT and PClI, especially in complex cases
with severe calcifications.

CT-guided PCI in calcified disease

Computed tomography-guided PCI uniquely provides the oppor-
tunity for comprehensive procedural planning incorporating calcific
plaque characterization (Central lllustration). The ability to predict the
need for advanced calcium preparation based on coronary CT angi-
ography has important implications and might facilitate the efficient
allocation of resources (eg, time, equipment, dedicated operators)
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Figure 6.

Calcium distribution patterns over length and circumference. Upper panel: 2 different views of the 3-dimensional computed tomography reconstruction of a left anterior
descending artery with calcification (highlighted in purple). The circumferential distribution of the calcium around 2 different vessel cross-sections (labeled sections A and B,
respectively) is visualized, combined with the predictable wire location over each cross-section. Lower panel: longitudinal vs. circumferential distribution of calcifications along the

coronary vessel.

tailored to the case complexity. In addition, understanding the neces-
sity of plaque preparation in the preprocedural phase should prompt
more IVl during the procedure to assess the need for additional devices
for plaque preparation.

Planning complex procedures with calcified disease also provides
an opportunity for patients to have a clearer understanding of the up-
coming intervention and thus a more nuanced consent procedure, as
the risk associated with these procedures is higher than PCl in non-
calcified disease. From the physician’s perspective, knowing the type
and complexity of the disease also permits one to better prepare in
terms of the material, personnel required, initial strategy, potential
complications, and corrective actions.”’

Percutaneous coronary intervention of a coronary chronic total oc-
clusion (CTO) remains one of the most challenging procedures in
interventional cardiology. In recent decades, there has been an
improvement in both success rates and safety.*? These improvements
were driven by the hybrid algorithm, which gave operators a stan-
dardized framework and technological advancement.! In CTO PCI,
calcium is an independent predictor of procedural failure across a range
of predictive scoring systems, eg, Multicenter CTO Regjistry in Japan;
Computed Tomography Registry of Chronic Total Occlusion Revascu-
larization; CT Angiography derived Multicenter CTO Registry of Japan
score, and Korean Multicenter CTO CT Registry scores. The scores
derived from coronary CT angiography mostly exceed the diagnostic

performance of the angiographic-only Multicenter CTO Registry in
Japan score.*¥

Periprocedural guidance with an online 3D model synchronized to
the C-arm rotation has the potential to increase the anatomical under-
standing and safety of the CTO procedure.31 Furthermore, coronary CT
angiography allows clarification of an ambiguous cap, a better under-
standing of lesion length, and unmasking of multiple occlusions where
present. Despite these advantages, coronary CT angiography remains
underused in CTO procedures.48 Nevertheless, it will take a prominent
place in the planning of complex PCl as it has the potential to guide
strategy choices. For example, a very hard calcified proximal cap will
direct us toward dissection and re-entry techniques or a retrograde
approach if there are suitable collaterals. Very tortuous segments will
limit the use of highly penetrative wires but orientate instead to
polymer-jacketed wires that are less likely to exit the vessel. Coronary
CT angiography also allows selection of an optimal “re-entry zone” with
minimal plaque burden.

In the present work, we have introduced novel methods for calcium
stratification that hold the potential to enhance clinical decision-
making about plaque modification and help select the right tool for
the right patient. The novel concept of CT-guided PCI, including
dedicated calcium evaluation, is currently under investigation in a
prospective randomized controlled trial, The Precise Procedural and
PCI Plan (P4; NCT05253677). P4 will include 1000 patients with
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hemodynamically significant lesions as determined by fractional flow
reserve derived from CT and randomize them in a 1:1 fashion to either
CT-guided PCl or intravascular ultrasound-guided PCI. Approximately
30% of patients will show severe calcification based on CT. The study
hypothesis is that a comprehensive assessment by coronary CT

Central lllustration.

Advanced calcium reconstruction
using coronary computed tomog-
raphy angiography. Top panel
shows the reconstruction from cor-
onary computed tomography angi-
ography. (A) Curve multiplanar
reconstruction of a left anterior
descending artery. (B) Luminal
mesh extracted from the curve
multiplanar  reconstruction  con-
tours. (C) Three-dimensional recon-
struction with the calcium on top of
the luminal mesh. (D) Left coronary
tree color-coded with red color
showing the luminal surface and
white showing calcific plaques. (E)
Examples of distribution of calcium
within 3 different coronary vessels.
(F) Three-dimensional reconstruc-
tion of the calcific plaque depicting
the circumferential distribution of
the calcium in each cross-section.

angiography to plan and guide PCl will yield comparable clinical
outcomes to intravascular ultrasound-guided PCl at the 1-year follow-
up. This study will help validate the calcium analysis derived from CT
with intravascular and clinical outcomes. Anticipated results from the
study are expected to be available by 2026.
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Conclusion

Vascular calcification, a hallmark of atherosclerosis, poses consid-
erable challenges during PCI, impacting procedural success and patient
outcomes. The increasing adoption of coronary CT angiography in
evaluating patients with chest pain has opened avenues for detailed,
sensitive, and lesion-specific assessment of coronary calcium. Coronary
CT angiography has emerged as a valuable tool for assessing the
extent, position, morphology, and density of calcific plaques, which
may prove essential information for device selection and procedural
strategy.

We introduce innovative approaches to quantify and stratify calcium
hardness, potentially informing operators about the necessity of
advanced plaque modification tools. Integration of coronary CT in PCI
planning not only enhances procedural precision but also holds
promise for optimizing resource allocation. Prospective trials, such as
the ongoing P4 studly, are expected to validate these novel approaches
and underscore their clinical utility.

In the era of personalized medicine, detailed characterization of
coronary calcium through advanced imaging techniques represents a
crucial step toward tailored and optimized PCl interventions. The in-
sights provided in this review underscore the evolving landscape of PCI
planning, emphasizing the pivotal role of coronary CT in navigating the
challenges posed by calcified lesions and ultimately improving patient
outcomes.
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