CALCIUM CONSIDERATIONS

Essentials of Coronary
Calcium Evaluation

Role of invasive and noninvasive imaging in assessing coronary calcium.

By Sarah Malik, MD; Evan Shlofmitz, DO; and Richard A. Shlofmitz, MD

ercutaneous coronary intervention (PCl)

of calcified lesions is associated with stent

underexpansion, which increases the risk of acute

stent thrombosis and in-stent restenosis.' In this
regard, assessment of coronary artery calcification (CAC)
plays a critical role in PCI planning and optimization.
Intravascular imaging (IVI), such as intravascular
ultrasound (IVUS) or optical coherence tomography
(OCT), is an invasive intraprocedural technique that
allows the visualization of CAC burden and morphology.>”
Calcium scoring systems based on IVI findings have
been developed to predict the likelihood of stent
underexpansion and identify the calcified lesions that will
benefit from advanced plaque modification prior to stent
implantation. Coronary CTA (CCTA) is a noninvasive
imaging tool that can also be used to visualize and
characterize calcium morphology in its longitudinal and
circumferential extension.2 Compared with VI, CCTA
can provide detailed information on CAC prior to the
procedure, which may help operators and patients prepare
for the complex procedure in advance, thereby increasing
procedural safety and efficacy. This article discusses the
role of IVI and CCTA in assessing CAC to strategize and
optimize PCI.

IVI AND PCI FOR CALCIFIED LESIONS

CAC continues to pose one of the greatest challenges
during PCI. Although fluoroscopy can detect moderate
to severe CAG, it has limited accuracy and lacks the
capability to evaluate detailed features and burden
of CAC2' Compared with angiography, IVI not only
increases diagnostic accuracy of CAC but also enables
the assessment of morphologic features of CAC that are
associated with suboptimal PCl outcomes.? Thus, IVI has
been used to identify calcified lesions that may require
advanced calcium modification therapies. In addition, IVI
can be used to optimize stent implantation by evaluating
appropriate landing zones, stent size and length, stent
expansion and minimal stent area, edge dissection, and

untreated inflow/outflow residual disease. Consequently,
multiple randomized trials and a recent meta-analysis
demonstrated clear benefit of IVl use in the treatment of
heavily calcified coronary lesions."

IVUS

CAC appears as a highly echogenic area with acoustic
shadowing in IVUS (Figure 1A). Morphologic features of
CAC seen in IVUS that are associated with stent under-
expansion include (1) calcium angle > 270° for > 5 mm,
(2) circumferential calcium (360°), (3) calcified nodule, and
(4) small vessel diameter < 3.5 mm (Figure 1A)."> A study
by Zhang et al suggested that up-front advanced calcium
modification therapies would be required for calcified
lesions with two or more of these features to achieve bet-
ter stent expansion.™

OCT

In OCT, CAC can be visualized as a clearly delineated,
low-attenuating area (Figure 1B). Compared with IVUS,
OCT allows more detailed evaluation of CAC because
calcium arc as well as calcium thickness can be assessed
by OCT. Therefore, OCT enables volumetric assess-
ment of CAC by measuring calcium thickness, arc, and
length, all of which are included in the OCT-based cal-
cium scoring system. A study by Fujino et al suggested
that PCl of calcified lesions with maximum calcium arc
> 180°, maximum calcium thickness > 0.5 mm, and cal-
cium length > 5 mm would result in suboptimal stent
expansion, thereby benefitting from up-front advanced
calcium modification therapies (rule of “5”: arc > 50% of
circumference, thickness > 0.5 mm, and length > 5 mm)
(Figure 1B)."™

CORONARY CALCIUM ASSESSMENT BY
CCTA FOR PCI PLANNING

Similar to IVI, CCTA can provide detailed informa-
tion on plaque characteristics, including CAC (Figure 2).
A study by Monizzi et al suggested that CCTA-derived
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calcium arc, thickness, and length Clicumiergritial Calcium in small lumen | Arc > 50% of circumference  Thickness > 0.5 mm
are reliable using OCT as a refer- : -
ence, although volumetric mea-
surement of CAC by CCTA can
be overestimated by 60%.5'41>
Therefore, CCTA can provide a
unique opportunity to evaluate
characteristics of CAC associ-
ated with suboptimal procedural
results even before bringing the
patient to the catheterization
laboratory.”® For example, a
per-lesion calcium score > 453
and calcification arc > 270° on
CCTA can suggest the need for
rotational atherectomy.' One

of the CCTA features that can-
not be assessed by IVI is calcium
density measured in Hounsfield
units (HU), which reflects resil-
ience and resistance to fracture.'
Calcified lesions with higher HU
are less likely to be fractured dur-
ing PCl than those with lower HU
(Figure 2A) and thus may benefit
from up-front advanced calcium
modification therapies.'® Last
but not least, CCTA with three-
dimensional (3D) reconstruction
can help operators understand
calcium distribution in longitu-
dinal and circumferential exten- S 1063 HU
sion and location in relation to
vessel circumference and predict
wire position and bias (Figure 2B
and 2C)." This information can
help not only guide PCI but also
choose the appropriate advanced
calcium modification therapy,
especially because unfavorable
wire bias will reduce the efficacy
of atherectomy while increasing
the risk of complications.

Figure 1. IVUS and OCT calcium assessment. Components of calcium scoring systems

by IVUS (A) and OCT (B). In IVUS, calcium appears as a highly echogenic area with
acoustic shadowing. Thus, calcium thickness cannot be assessed by IVUS. The IVUS
calcium scoring system includes calcium arc, presence of calcified nodule, and small
vessel diameter. In contrast, OCT can provide information on calcium thickness. The OCT
calcium scoring system is derived from calcium arc, length, and thickness.

1235 HU

1303 HU

BENEFITS OF UP-FRONT
CALCIUM ASSESSMENT
BY CCTA AND FUTURE
DIRECTIONS

Although CCTA can provide  Figure 2. CCTA calcium assessment. Cross-sectional assessment of calcium
comprehensive information on  distribution, arc, thickness, and density (in HU) by CCTA (A). CCTA 3D reconstruction
CAC for pre-PCl planning, there  helps delineate calcium distribution in both longitudinal and circumferential
is no CCTA-dedicated calcium  extension (B, C).
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scoring system like IVI, which warrants further investi-
gation. Nevertheless, up-front calcium assessment by
CCTA could provide unique benefits for PCl in many
ways. First, it can enhance procedural precision. CCTA
provides not only comprehensive information on the
entire coronary artery and CAC but also plaque vulner-
ability, physiologic significance and disease pattern,
and subtended myocardial mass. Therefore, operators
will have enough time to plan for the best possible PCI
strategy using all the information together. Second,
procedural efficacy can be maximized. Based on cal-
cium morphology, severity, and density from CCTA,
operators would already know which devices and
modalities they need, thus minimizing procedural time
and optimizing resource allocation. Third, it enables
operators to discuss the complexity of the procedure,
potential advanced techniques and equipment, and
risks and benefits with the patient beforehand, ensur-
ing thorough preparation and informed consent. This
novel concept of CCTA-guided PCl, including dedicated
assessment of CAC, will be tested in the ongoing P4 trial
(NCT05253677). Nevertheless, CCTA cannot replace IVI
during PCl, especially for optimization of stent place-
ment. Eventually, CCTA and IVI will be used as comple-
mentary modalities to enhance precision, efficacy, and
safety of PCl and improve patient outcomes.

CONCLUSION

Because angiography alone is limited in evaluating
CAG, IVI has been used to understand the adverse fea-
tures of CAC that prevent optimal stent expansion. IVI
calcium scoring systems are derived from these adverse
features of CAC and have remained useful intraopera-
tive tools to determine the need for advanced calcium
modification strategies. With advancement of technol-
ogy, CCTA is increasingly used and allows reliable up-
front calcium assessment, which may have additional
benefits to enhance the precision, efficacy, and safety
of PCI. Future studies are warranted to understand the
complementary role of CCTA in assessing CAC for PCI
planning and enhancing patient outcomes. ®
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