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Background and Objective: The introduction of photon-counting computed tomography (PCCT)
represents the most recent groundbreaking advancement in clinical computed tomography (CT). PCCT
has the potential to overcome the limitations of traditional CT and to provide new quantitative imaging
information. This narrative review aims to summarize the technical principles, benefits, and challenges of
PCCT and to provide a concise yet comprehensive summary of the applications of PCCT in the domain of
coronary imaging.

Methods: A review of PubMed, Scopus, and Google Scholar was performed until October 2023 by using
relevant keywords. Articles in English were considered.

Key Content and Findings: The main advantages of PCCT over traditional CT are enhanced spatial
resolution, improved signal and contrast characteristics, diminished electronic noise and image artifacts,
lower radiation exposure, and multi-energy capability with enhanced material discrimination. These key
characteristics have made room for improved assessment of plaque volume and severity of stenosis, more
precise assessment of coronary artery calcifications, also preserved in the case of a reduced radiation dose,
improved assessment of plaque composition, possibility to provide details regarding the biological processes
occurring within the plaque, enhanced quality and accuracy of coronary stent imaging, and improved
radiomic analyses.

Conclusions: PCCT can significantly impact diagnostic and clinical pathways and improve the

management of patients with coronary artery diseases (CADs).
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Introduction
Background
Coronary artery disease (CAD) is a significant global health

concern and a leading cause of morbidity and mortality (1).
The accurate quantification of CAD extent and severity
is a cornerstone of effective CAD management, enabling
risk-stratifying patients, selecting the most appropriate
treatment approach, and monitoring the patient’s progress
and the efficacy of the selected therapeutic intervention.

Since its introduction in the 1990s, coronary computed
tomographic angiography (CCTA) has evolved as a valuable
and increasingly utilized diagnostic tool for detecting and
ruling out CAD (2). Indeed, computed tomography (CT)
is a non-invasive and widely available imaging technique
that offers rapid image acquisition, a broad field of view,
and excellent spatial and temporal resolution (3). CCTA
has demonstrated high diagnostic accuracy and negative
predictive value compared to invasive coronary angiography
(ICA), representing the gold standard for assessing CAD
(4-7). With the current new-generation CT scanners,
high diagnostic accuracy in detecting CAD can also be
maintained in patients showing high and/or irregular
heart rates (8). Large clinical trials have demonstrated that
CCTA was similar to or more effective than functional
testing, standard care, or ICA in managing CAD and
reducing major adverse cardiovascular events in patients
with stable chest pain (9-12). The pivotal role of CCTA in
contemporary clinical practice has been reflected in several
guidelines (13,14).

Thanks to its ability to look at both the wall and the
lumen of the coronary artery, CCTA, besides defining
coronary anatomy and luminal stenosis severity, can also
provide information on atherosclerotic plaque morphology
and composition (15,16). Intravascular ultrasound (IVUS)
represents the current gold standard for this purpose (17),
but is highly invasive. Several studies performing a head-
to-head comparison of CCTA with IVUS confirmed that
CCTA, which offers the advantage of being non-invasive,
had good diagnostic accuracy in quantifying plaque volumes
and identifying adverse plaque characteristics (18-21).

Like any medical imaging technique, conventional CT
faces certain critical challenges. Compared to invasive
methods, CT has inherent limitations in spatial and
temporal resolution and may be less appropriate for high-
risk patients presenting with dense calcifications, multiple
or small-diameter stents, and irregular heart rhythms
(22,23). From a patient safety perspective, the main
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concerns are the increased risk of cancer due to radiation
and the administration of iodinated contrast agents, which
can cause allergic reactions and be problematic for patients
with impaired renal function (24).

Rationale and knowledge gap

Photon-counting computed tomography (PCCT)
represents the most recent breakthrough in clinical X-ray
imaging. It harbors the potential to overcome many of the
limitations and shortcomings of current CT systems (25,26).
Indeed, thanks to the distinct approach to X-ray detection,
photon counting detectors (PCDs) present a plethora
of advantages over energy-integrating detectors (EIDs)
employed in traditional CT scanners (27-30).

Objective

This narrative review aims to summarize the technical
principles, benefits, and challenges of PCCTT, to provide
a concise yet comprehensive summary of the applications
of PCCT in coronary imaging, and to illustrate with case
examples how this cutting-edge technology may translate
into improved clinical diagnosis. We present this article
in accordance with the Narrative Review reporting
checklist (available at https://cdt.amegroups.com/article/
view/10.21037/cdt-24-52/rc).

Methods

PubMed, Scopus, and Google Scholar electronic databases
were searched from origin to October 2023. Original
research, technical notes, review articles, and guidelines/
expert consensus in English were included.

The search strategy is summarized in Table 1.

Conventional versus photon-counting detectors

Conventional EIDs use a two-step process to convert
X-ray photons into electrical signals (26). The first step
involves transforming X-ray photons into visible light
via a scintillating material. In the second step, the visible
light emitted by the scintillator is captured by an array of
photodiodes and converted into electrical impulses. EIDs
incorporate optically opaque partitions called septa to
separate the cells to avoid optical cross-talk. These layers
are approximately 0.1 mm thick and decrease the geometric
dose efficiency of the detector because the detected signal
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Table 1 The search strategy summary

Meloni et al. Photon counting CT in coronary imaging

ltems Specification

Date of search October 2, 2023

Databases and other sources
searched

Search terms used

PubMed, Scopus, and Google Scholar

Photon-counting computed tomography, PCCT, photon counting detector, photon counting X-ray

detectors, photon counting CT, spectral CT

Timeframe No time limit
Inclusion

Selection process

Original research, technical notes, review articles, and guidelines/expert written in English

A.M. analyzed the scientific papers to extract the relevant data for the purpose of this work

PCCT, photon-counting computed tomography; CT, computed tomography.

is not influenced by the X-ray quanta that are absorbed in
these areas (31-33). To maintain an acceptable level of signal
loss caused by these “dead zones”, it becomes impractical
to reduce the active detector elements’ size. This limitation
ultimately constrains the spatial resolution achievable with
scintillating detectors. To quantify the energy of all X-ray
photons collected during a specific timeframe, the detector
combines their signals, and the information about the
energy of individual X-ray photons is lost.

PCDs utilize a direct conversion approach (34,35)
(Figure I1). They are made of semiconductors such as
cadmium telluride, cadmium zinc telluride, or silicon (36).
A high voltage, typically between 800 and 1,000 V, is
applied between the cathode situated on the top side
and the pixelated anode electrodes on the bottom side,
creating a strong electric field. The interaction between the
incident X-ray photon and the detector produces a charge
cloud of electron-hole pairs. Under the influence of the
electric field, the charge cloud moves towards the anodes
and induces short current pulses. An electronic pulse-
shaping circuit amplifies and transforms the current pulses
into voltage pulses (33). The height of the shaped pulses
is proportional to the energy of the absorbed X-rays. A
“counter” quantifies the pulses with wave heights exceeding
a predetermined energy threshold. By comparing all pulses
with multiple energy thresholds, PCDs can categorize
the incident photons into various energy groups or bins,
allowing for the distinction of X-ray photons according to
their energy levels (33). The energy bins in contemporary
PCD CT systems typically range from 2 to 8. The width
and the number of the energy bins impact the image quality
(37,38). Conventionally, the first threshold is set higher
than the background noise level of the detector and the
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other thresholds are either uniformly spaced or strategically
chosen to optimize performance for specific tasks.

Advantages of PCCT
Increased spatial resolution

The properties of the detector, including pixel size and
scattering characteristics, affect the spatial resolution of a
CT scan.

In recent years, the spatial resolution of EIDs
has improved, and pixel pitches have now reached
approximately 0.5 mm at the detector (39). However, the
current dimensions of EID pixels cannot be significantly
reduced beyond their current size without a decline in
dose efficiency (40). On the other side, the septa cannot
be made excessively thin to avoid photon cross-talk, which
can compromise the quality of the image. Improving the
spatial resolution of scintillator detectors, for example,
using a dedicated attenuating filter decreasing the pixel
aperture (41), causes a notable rise in radiation dose.

PCDs enable for reduction in pixel size without
sacrificing geometric efficiency because there are no non-
responsive regions in between the pixels (40). The pixel pitch
can be as fine as 0.15-0.225 mm at the isocenter (42-45).
Achieving this requires a corresponding small focal spot in
the X-ray tube, even if it reduces tube power.

Improved contrast

In EIDs, the quanta with lower X-ray energy levels emit
comparatively less light than those with higher energy
levels. As a result, the contribution of low-energy X-rays to
the total detector signal is reduced. PCDs quantize all X-ray
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Figure 1 Schematic representation of an energy integrating detector (top) and of a photon-counting detector that directly converts X-rays

into electrical signals (bottom). In the photon-counting detector, the interaction between the incident X-ray photon and the semiconductor

generates a cloud of positive and negative charges, which pull away from each other under the influence of the electric field. As the electrons

reach the anodes, they generate short current pulses, which are converted into voltage pulses. The detector’s electronics analyzes the pulses

by comparing their amplitudes (proportional to the photon’s energy) with predefined threshold levels.

quanta possessing an energy greater than a predetermined
minimum energy threshold with uniform weighting.
Therefore, low-energy X-ray quanta have equal importance
in contributing to the detector signal as their higher-energy
counterparts (33,40,46). Since the information about the
contrast between different materials is concentrated within
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the low X-ray energy range, the PCD-CT technology
offers improved contrast and contrast-to-noise ratio (CNR)
compared to traditional EID-CT, especially for materials
with low X-ray attenuation, like iodine (36,47-49). The
difference in iodine contrast between PCD-CT and EID-

CT is more pronounced as the X-ray tube voltage increases.
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In EIDS, the increased variance relative to the mean
value, caused by a non-uniform weighting of photons,
can result in a reduced signal-to-noise ratio (SNR). PCDs
eliminate this phenomenon and its negative effects on
image quality.

Elimination of electronic noise

In PCDs, only X-ray photons surpassing an energy
threshold of approximately 20-25 keV are registered. This
threshold is considerably higher than the electrical system’s
background noise level. Consequently, electronic noise has
not effect on PCDs count rates (33).

Mitigating electronic noise enhances image quality for
low-dose scans and scans of patients with large body sizes.
In these specific contexts, PCDs have demonstrated their
capability to reduce streak artifacts, enhance the uniformity
of the imaging signal, and deliver more consistent CT
numbers compared to conventional EIDs (50-52).

Multi-energy acquisition

Spectral CT goes beyond traditional CT scanning. It
uses different energy levels of X-rays to gather detailed
information about the composition and characteristics of
tissues within the body and about the spatial and temporal
distributions of the contrast agents, enabling better
differentiation between materials, improved tissue contrast,
and potentially more accurate diagnoses.

Material decomposition is the basis for spectral CT
imaging. The different base materials within an imaged area
are separated and quantified based on their distinct X-ray
attenuation characteristics at different energy levels. The
number (N) of detectable base materials corresponds to
the number of acquired spectral data points. The material
decomposition in N+1 bases with measurements at N
different energies is possible. However, it requires the use
of supplemental constraints, such as having one material
with different spectral behavior, assuming volume or mass
conservation, or employing precalibrated subregions in
the low- and high-energy space (53). These constraints
may introduce inaccuracies in the material decomposition
process (54).

Conventional EID-based dual-energy CT (DECT)
acquires data in two energy regimes. DECTs are divided
into two major groups based on how the two different
X-ray energies are generated: source-based and detector-
based (55-57). Source-based DECT involves acquiring CT
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measurements at two different energy spectra. It includes:
(I) dual-spin mode in which two scans are performed
sequentially by a single X-ray tube and the resulting images
overlap; (II) dual-source (DS) mode which involves the
use of two orthogonal X-ray tubes operating at different
kilovoltages to achieve precise spectral separation and the
co-registration of the two acquired images datasets; (III)
rapid kVp switching mode in which a single X-ray tube
rapidly changes kilovoltage during scanning; and (IV) twin-
beam mode in which a single X-ray spectrum is divided
into two distinct energy spectra through pre-filtration
methods. In detector-based DECT (dual-layer DECT), the
energy separation takes place at the detector level due to
the scanner’s configuration, which includes a single X-ray
source and a multilayer detector. Every layer is designed to
maximize sensitivity to particular photon energies: the top
layer preferentially absorbs low-energy photons while the
bottom layer absorbs the high-energy photons.

DECT can distinguish between up to three types of
materials within the imaged region (53). Furthermore,
DECT suffers from spectral overlap, which reduces the
accuracy of material decomposition. PCDs, due to their
capability of distinguishing photons with varying energies
via pulse-height analysis, offer multi-energy spectral CT
without spectral overlap (58) and have the potential for
accurate discrimination of >3 materials (59). Conversely
to DECT based on DS or rapid tube potential switching,
PCCT data are inherently acquired at constant tube
potential, and there is perfect temporal alignment of the
different energy images (60). The material decomposition
leads to the creation of material-specific images which
provide a clear and detailed representation of the spatial
distribution and concentration of a particular material
within the region of interest. Post-processing algorithms
can also generate virtual non-contrast (VNC) images,
where the effects of the administered contrast agent are
removed, serving the very important purpose to eliminate
the need for acquisition of true non-contrast (I'INC) images
and save radiation dose, or iodine-specific images, which
map the spatial distribution and concentration of iodine-
based contrast agents within the scanned region (61-65).
Moreover, the energy-independent information can be used
to generate synthetic monoenergetic images, which are also
referred to as virtual monoenergetic or monochromatic
images (VMIs) (66-70). VMIs simulate the appearance of
images obtained with a monochromatic X-ray source. Low-
energy VMIs are used to improve the enhancement of
iodinated contrast and contrast-to-noise-ratio, enabling a
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reduction in contrast agent volume, while VMISs at higher
energy levels (above 70 keV) are used to minimize artifacts.

The X-ray energy discrimination capabilities inherent to
PCDs enable the realization of K-edge imaging, that is, the
detection and quantification of elements with a K-edge in
the diagnostic energy range. This is achieved by customizing
the acquisition energy thresholds to catch the distinct
energy shifts at the K-edge of the target materials (71).
Different materials with high atomic numbers, besides
iodine, can be identified based on their unique K-edge
signatures. Typical elements with physical and toxicological
properties suitable for human use are tantalum, tungsten,
gold, bismuth, gadolinium, and ytterbium (59,72,73). The
possibility to differentiate between multiple contrast agents
clears the path for multi-material imaging and molecular
imaging (74-77). Multi-material imaging can be used to
capture the specific distribution of various contrast agents
administered concurrently or to image at a single time
point multiple contrast agents with different distribution
properties (32,46). Capturing multiple contrast phases
in a single scan acquisition reduces the radiation dose
by eliminating the need for multi-phase CT scans. It
allows for perfect spatial alignment between the different
phases (78). Dual-contrast CT protocols can potentially
furnish datasets rich in features and functional information.
Molecular imaging provides real-time visualization of
cellular functions of living organisms and related molecular
interactions, providing information that cannot be achieved
with anatomical and functional imaging (79). Molecular CT
imaging may exploit the K-edge imaging to detect targeted
contrast agents, that is, contrast agents conjugated with
nanoparticles that enable interactions with a target (cells or
enzymes) (80-83).

Artifact reduction

Beam hardening is one of the most observed physical-based
types of artifacts. Beam hardening artifacts arise due to
the uneven attenuation of X-ray beams as they traverse an
object. High-density materials absorb X-rays more readily
than low-density materials such as water or its related
substances. This disparity in attenuation leads to distortions
in the reconstructed CT images, presenting as streaking or
shading artifacts (84). In PCDs, constant weighting enables
the normalization of attenuation measurements across
various energy levels, effectively mitigating the impact
of beam hardening (85). The high-energy-bin image in
PCCT is less susceptible to the distortions caused by beam
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hardening than low-energy PCCT (34,86).

PCDs have demonstrated significant advantages in
mitigating calcium-blooming and metal artifacts, resulting
from volume averaging, motion during scanning, and
beam-hardening effects. This is achieved through enhanced
spatial resolution, which reduces partial volume effects,
and improved material decomposition techniques, which
allow for the accurate differentiation between high-density
materials like metals and surrounding soft tissues (34,87).

The outstanding temporal resolution and precise
spatial alignment between the low and high-energy images
achievable with PCCT pave the way for creating iodine
maps resistant to motion artifacts. In a phantom study,
the DS PCCT system proved effective in freezing motion
artifacts, while the DS DECT system, with its slower 125 ms
temporal resolution, experienced more pronounced motion
artifacts (88).

Issues of PCCT
Technical issues

The performance of PCDs can be affected by different
physical effects, including cross talk due to charge
sharing, K-fluorescence, Compton scattering, and pulse
pile-up (31,33,89).

Charge sharing takes place when the charge cloud
arrives near the boundary between pixels and is detected by
multiple neighboring pixel electrodes (71,90,91). The charge
may be erroneously assigned to multiple pixels instead of
being accurately allocated to just one pixel (92). Secondary
photons resulting from processes like Compton scattering
and fluorescence within the detector can be detected in
neighboring pixels, leading to the occurrence of multiple
events sharing the total energy of the incident photon (33).
K-fluorescence is more likely to occur in detectors with
higher atomic numbers (cadmium telluride), while the effects
of Compton scattering are more pronounced in silicon
detectors (32). Collectively, these effects give rise to several
issues, including inaccurate assignment of energy to a pixel,
undercounts or overcounts, reduced spatial resolution caused
by the distribution of counts across neighboring pixels, and
correlations between energy bins in different pixels (71).
Since the likelihood of charge sharing and cross-talk from
secondary photons increases as pixels become smaller, these
effects impose a practical constraint on the minimum pixel
size obtained in PCDs.

Pulse pile-up occurs when two X-ray photons hit the

Cardiovasc Diagn Ther 2024;14(4):698-724 | https://dx.doi.org/10.21037/cdt-24-52



704

detector within the detector’s readout time window. This
overlap can result in a single, combined pulse that contains
information from multiple photons (93). The introduced
errors in both photon counting and energy measurement
can lead to distorted energy spectra and compromised
image quality. The pulse pile-up can be mitigated by
reducing the pixel size of the detector, thereby reducing the
number of incident photons per detector channel. Anyway,
the impact of pulse pile-up is insignificant under the typical
X-ray flux rates experienced during clinical CT scans (94).

Alternative contrast agents

Certain clinical applications of PCCT employ alternative
contrast agents (80,83). Moreover, the use of two contrast
media with different pharmacokinetic profiles, distribution
volumes, or application routes may further expand the
diagnostic capabilities of PCCT by addressing new clinical
indications (59,75).

Compared to magnetic resonance imaging, PCCT
requires a significantly higher dose of gadolinium (77,95).
The increased dosage generates worries regarding patient
safety and raises the need to evaluate the risk-benefit ratio
carefully.

Contrast agents like gold and bismuth are still
experimental and not approved for human examinations.

More studies on alternative contrast agents are needed to
assess their safety, effectiveness, and potential benefits over
conventional contrast agents.

High cost
The high cost of PCCT systems (3 to 5 times higher

compared to conventional CT scanners) presents a major
obstacle to their widespread implementation in clinical
environments. However, once the technology becomes
more established and the downstream improvements in
health outcomes and efficiency are clearly proved, a notable
reduction in costs is anticipated to take place.

PCCT for coronary imaging
Diagnostic accuracy

Few in-vivo studies evaluated the diagnostic accuracy of
ultra-high resolution (UHR) PCCT in detecting CAD
compared with ICA.

In the multi-center study of Soschynski et 4/., nine
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patients underwent both PCCT and ICA for significant
CAD detection (stenosis 250%) and PCCT showed
no false-negative diagnoses and two false-positive
diagnoses (96). Considering the 126 coronary segments,
the diagnostic performance of PCCT for significant
CAD was very high, with sensitivity =92% and specificity
=96%. However, the limited sample size impacts the
generalizability of these findings.

In another study on 68 high-risk subjects candidate
for transcatheter aortic valve replacement, UHR PCCT
provided high diagnostic accuracy in CAD detection
compared to ICA, with sensitivity and specificity,
respectively, of 96% and 84% per participant, 89% and
91% per vessel, and 77% and 95% per segment (97). The
accuracy remained high also in the subgroup of patients with
severe calcifications (sensitivity =93 %; specificity =70%) and
prior stent placement (sensitivity =100%; specificity =86%).
Similar results were obtained in the study by Eberhard ez 4.,
involving 31 patients candidate for transcatheter aortic valve
replacement (98). When compared to ICA, UHR PCCT
provided accurate quantification of diameter stenoses, with
the Bland-Altman analysis showing a mean difference of 0%
and limits of agreement between -8% and 8%, as well as
accurate stenosis categorization.

Although these findings need to be confirmed by larger
studies, they support the use of PCCT as a valid, safe, and
non-invasive alternative to ICA.

Coronary lumen detection

Numerous studies have demonstrated how the increased
spatial resolution, soft-tissue contrast, and reduced
noise achieved with PCCT translate into an improved
assessment of plaque volume and severity of stenosis. An
early and accurate assessment of stenosis degree is essential
for guiding clinical decisions regarding the subsequent
course of treatment and determining whether preventive
pharmacotherapy or surgical interventions are most
appropriate.

In a phantom study, PCCT images [ultra-high-resolution
(HR) protocol] demonstrated a 2.3-fold higher detectability
index for coronary lumen and a 2.9-fold higher detectability
index for non-calcified plaque than EID-CT images (87).
This study by Si-Mohamed et al. also included a clinical
validation phase in which both PCCT and traditional
CT angiography were conducted on 14 patients. Three
radiologists conducted image processing, confirming that
PCCT images had increased image quality and diagnostic
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confidence compared to conventional CT images (87).

The in-vivo study from Pinos et 2/. demonstrated
that PCCT images (polychromatic images and virtual
monoenergetic images at 40, 45, 50, 55, 60 and 70 keV)
were characterized by superior subjective quality (improved
image noise, vessel attenuation, and vessel sharpness) and
higher CNR than polychromatic images from conventional
CT (99). The relative CNR gain achieved in PCCT was
higher in obese patients than in patients with a body mass
index (BMI) <30 kg/m’ (53.1% wvs. 39.9%), suggesting
that PCCT can be particularly beneficial for patients
with increased BMIs. In line with these findings, a larger
multi-center study involving 92 patients demonstrated
that images obtained with PCCT and analyzed by two
experienced radiologists were characterized by very high
image quality and CNR (96). Furthermore, the detectability
of the relevant proximal and mid-coronary segments with a
lumen diameter >2 mm was excellent. Yang et 4/. evaluated
in vivo the influence of different kernels and strength
levels on image quality in PCCT with spectral high-pitch
mode (100). Reconstructions with the medium sharp kernel
(e.g., Bv40) emerged as the most beneficial in terms of both
objective image quality (attenuation, noise, CNR, and vessel
sharpness) and subjective image quality evaluated using a
five-point Likert scale.

PCCT proved particularly beneficial in evaluating
luminal stenosis within heavily calcified plaques. Severely
calcified plaques can introduce blooming artifacts, which
can make the examinations inconclusive or cause an
overestimation of stenosis and a generation of false-positive
diagnoses, impacting patient care and treatment decisions
(101,102). In their phantom study, Koons et a/. replicated
coronary arteries with calcifications of different sizes and
shapes and proved that, compared to conventional CT
at an equivalent dose, UHR PCCT provided enhanced
visualization of calcium plaques and a clearer view of the
patent lumen (30). Furthermore, PCCT exhibited superior
accuracy in quantifying luminal stenosis across all types
of plaques. Notably, for a ring-shaped plaque causing a
decrease of 75% in the vessel’s cross-sectional area, only
PCCT-generated images could reveal the presence of iodine
within the lumen, highlighting the distinctive ability of
PCCT to identify partial blockages missed by conventional
CT scans. The previously mentioned in-vivo study
conducted by Si-Mohamed ez 4/. unveiled a notable decrease
in blooming artifacts in calcified coronary plaques when
utilizing PCCT images instead of EID-CT images (87).
Mergen er al. evaluated the impact of reconstruction kernel
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and matrix size on the feasibility and quality of UHR
PCCT images in patients with a high coronary calcium
load (103). They found that using an edge-enhancing sharp
vascular convolution kernel, a field of view of 200x200 mm’,
and a matrix size of 512x512 pixels guaranteed high-
quality images and allowed for a precise delineation of
plaque characteristics and vessel lumen. In the iz-vivo study
by Halfmann er 4/. involving 114 patients with known
or suspected CAD who underwent PCCT, the UHR
reconstructions allowed significantly lower percentages
of diameter stenosis for calcified stenoses compared with
standard resolutions (104). In addition, UHR PCCT led to
reclassification of the 54.4% of patients to a lower Coronary
Artery Disease Reporting and Data System category.

Li et al. introduced an innovative method for calculating
the percentage of stenosis in blood vessels (105). This
method depended on the material decomposition of both
dual-energy and multiple-energy CT images, obviating
the necessity for traditional segmentation techniques. The
computer simulations demonstrated that the proposed
approach addressed issues like partial volume effects and
blooming artifacts. The phantom experiments proved
that multiple-energy CT images allowed for accurate and
reproducible stenosis measurements and that the four-
threshold PCCT approach was more efficient in mitigating
measurement inaccuracies than DECT and two-threshold
PCCT. Moreover, applying the three-basis-material
decomposition on the four-threshold PCCT images
resulted in the generation of separate maps representing the
distribution of calcium, iodine, and water.

Allmendinger et 4/. introduced a new reconstruction
algorithm based on spectral CT data, aimed at removing
from the image only the calcified components, generating
virtual non-calcium (VNCa) images (106). Their phantom
study demonstrated that the algorithm enabled the
generation of high-quality images even in the presence
of motion across a broad spectrum of heart rates and a
significant reduction of blooming artifacts, enhancing image
interpretability and accuracy in the evaluation of stenosis.
The efficacy and the diagnostic utility of the VNCa
algorithm were confirmed by two recent independent in-vivo
studies, where the patients performed both PCCT and ICA
(reference standard). In the study by Mergen ez 4., involving
30 patients with minimal to moderate coronary stenoses,
no difference between the diameters stenoses measured
on VNCa images and with ICA was detected, while
diameter stenoses were significantly overestimated for VMI
images (107). Nishihara ez /. demonstrated that the VNCa
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Figure 2 Cardiac/coronary PCCT examples of normal coronary arteries. The figure shows a proximal left coronary artery with 3D
cinematic rendering (A), longitudinal MPR and axial cross-section of LAD (B), and longitudinal stretched MPR (C). In this case, coronary
arteries are normal (no calcium and no non-calcified atherosclerosis). The scan was performed on a commercial whole-body Dual Source
Photon Counting CT scanner (Naeotom Alpha, Siemens Healthineers) with 0.2 mm slice thickness, 0.1 mm reconstruction increment, FOV
140 mm, and IQ level 55. The scan is performed with retrospective ECG gating with tube current modulation and images are displayed
with a resolution matrix of 1,024x1,024 pixels on the source axial reconstructions with a kernel filtering of Bv60 (vascular kernel medium-
sharp) and with maximum intensity of QIR 4. The actual displayed resolution is 0.1 mm (100 microns). PCCT, photon-counting computed

tomography; 3D, three-dimensional; MPR, multiplanar reconstructions; LAD, left anterior descending coronary artery; CT, compute