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ABSTRACT

Background: Photon-counting computed tomography (PCCT) represents a paradigm shift in cardiac imaging,
offering direct photon conversion, ultra-high spatial resolution, intrinsic spectral capability, and lower radiation
exposure compared to conventional energy-integrating detector CT (EID-CT). Coronary CT angiography (CCTA)
remains a first-line tool for evaluating coronary artery disease (CAD); however, traditional detectors are hindered by
blooming artifacts, limited resolution, and suboptimal plaque differentiation.

Objectives: This systematic review evaluates current evidence on PCCT performance in three domains: (1)
coronary artery visualization and stenosis quantification, (2) atherosclerotic plaque characterization, and (3)
radiation dose efficiency in cardiac CT protocols.

Methods: A comprehensive literature search was conducted across PubMed, EMBASE, Scopus, and Google
Scholar for studies published between January 2018 and March 2025, using MeSH terms including 'photon-counting
CT', 'photon-counting detector CT', 'coronary CT angiography', 'plaque characterization', 'radiation dose', and
'cardiac imaging'. Eligible studies included original research, prospective clinical trials, and comparative studies
involving human subjects undergoing cardiac PCCT. Studies were assessed using QUADAS-2 and GRADE
frameworks.

Results: A total of 38 studies met inclusion criteria. PCCT consistently demonstrated superior coronary artery
visualization at ultra-high resolution (0.2 mm slice thickness), with significant reduction of calcium blooming
artifacts and improved stenosis reclassification. Plaque characterization studies reported enhanced differentiation of
calcified, non-calcified, and lipid-rich plaque components using spectral virtual monoenergetic imaging. Radiation
dose was reduced by 27-67% across cardiac protocols without diagnostic quality compromise. Coronary artery
calcium scoring (CACS) with PCCT yielded equivalent risk stratification at substantially lower CTDIvol.
Conclusion: PCCT offers clinically meaningful advantages over conventional EID-CT in cardiac imaging,
particularly for patients with dense coronary calcifications, stents, or high cardiovascular risk. Widespread clinical
adoption requires standardization of acquisition protocols and multicenter validation.
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INTRODUCTION
Cardiovascular disease (CVD) persists as the foremost advanced and reliable diagnostic imaging modalities [1].
cause of morbidity and mortality worldwide, necessitating Computed tomography (CT) has evolved significantly in
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cardiodiagnostic practice, with coronary CT angiography
(CCTA) now established as a first-line, non-invasive
investigation for coronary artery disease (CAD) due to its
high sensitivity, strong negative predictive value, and
broad clinical availability [2,3]. The modality enables
evaluation of coronary stenosis, plaque morphology,
coronary artery calcification (CAC) scoring, stent patency
assessment, and pre-procedural planning for valvular
interventions [4].

Conventional CT systems rely on energy-integrating
detectors (EIDs), which accumulate the total energy
deposited by all incoming X-ray photons across the
spectrum, converting it into an analog electrical signal via
a scintillator-photodiode assembly. While EID-CT
systems have undergone substantial refinement through
faster gantry rotation, broader detector coverage, and
improved iterative reconstruction algorithms, they remain
constrained by several intrinsic limitations: electronic
noise floors that degrade image quality at low doses,
calcium blooming artifacts that impede stenosis
assessment in heavily calcified coronary segments,
limited spatial resolution due to detector pixel size, and
the absence of native spectral information without
specialized dual-energy acquisition modes [5,6].
Photon-counting  computed  tomography  (PCCT)
represents a fundamental technological advancement that
addresses these shortcomings through a direct-conversion
detector architecture. Rather than integrating energy over
the entire spectrum, photon-counting detectors (PCDs)
count individual X-ray photons and simultaneously
measure their energies, assigning each photon to a
discrete energy bin [7]. This mechanism eliminates
electronic noise at low flux, enables ultra-high spatial
resolution through smaller pixel pitches, provides
intrinsic multi-energy spectral data in a single acquisition,
and reduces metal and beam-hardening artifacts [8,9].
The first clinical PCCT system, the NAEOTOM Alpha
(Siemens Healthineers), received FDA clearance in
September 2021 and has since been subject to extensive
clinical evaluation across multiple organ systems, with
cardiac applications representing a primary focus [10].

Despite a rapidly expanding body of evidence, a
comprehensive  systematic  appraisal of PCCT
performance across the three cardinal domains of cardiac
CT — coronary artery visualization, plaque
characterization, and radiation dose efficiency — has
remained limited. Earlier reviews have addressed
technical principles or specific clinical niches, but a
holistic, GRADE-appraised synthesis is lacking. This
systematic review aims to collate and critically evaluate
existing evidence to provide a structured evidence base
for radiologists, cardiologists, and medical physicists
considering or implementing PCCT in cardiac practice.

TECHNICAL BACKGROUND OF PHOTON-
COUNTING CT

2.1 Detector Architecture and Photon-Counting
Mechanism

Conventional EID-CT systems convert X-ray photons
indirectly: incoming radiation strikes a scintillator crystal
(typically gadolinium oxysulfide or cesium iodide),
producing visible light that is subsequently converted to
an electric current by a coupled photodiode array. This
two-step conversion introduces optical crosstalk between
neighboring detector elements and requires physical septa
between pixels to maintain spatial fidelity, thereby
limiting achievable pixel pitch to approximately 0.5-1.0
mm [7,8].

In contrast, PCDs use direct-conversion semiconductor
materials — most commonly cadmium zinc telluride
(CZT) or cadmium telluride (CdTe) — that convert X-ray
photons directly into electron-hole pairs without an
intermediate scintillation step. Each photon interaction
generates a charge pulse whose amplitude is proportional
to the photon's energy. Application-specific integrated
circuits (ASICs) measure this pulse and assign the photon
to one of several programmable energy threshold bins
[9,10]. This architecture confers four major technical
advantages over EID systems:

Advantage

Mechanism

Clinical Relevance

Zero electronic noise floor

pulses

Minimum energy threshold
eliminates sub-threshold noise

Improved low-dose image quality;
reduced quantum noise

Ultra-high spatial resolution
optical crosstalk penalty

Smaller pixel pitch (0.25 mm) without

Visualization of sub-millimeter
coronary structures

Intrinsic spectral data

Multiple energy bins in single acquisition

Virtual monoenergetic imaging;
material decomposition

Reduced beam-

hardening artifacts thresholding

Energy-resolved photon weighting and

Improved assessment near
calcifications and stents
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Table 1. Technical advantages of photon-counting detectors over energy-integrating detectors in cardiac CT.

2.2 Spectral Capabilities and Multi-Energy Imaging

The energy-discriminating capability of PCCT enables
acquisition of spectral information across multiple
simultaneous energy bins in a single rotation, without the
need for dual-source hardware or rapid kVp switching
protocols required by dual-energy EID systems [11,12].
This inherent spectral flexibility permits post-hoc
reconstruction of virtual monoenergetic images (VMI) at
user-defined keV levels, iodine density maps, effective
atomic number (Zeff) maps, virtual non-contrast series,
and k-edge subtraction images for novel contrast agents
[13]. In cardiac applications, VMI at lower keV levels
(40-55 keV) substantially increases iodine contrast-to-
noise ratio (CNR) for coronary lumen delineation, while
VMI at 70 keV approximates conventional 120 kVp
image appearance for radiologist familiarity [14].

2.3 Current Clinical PCCT Systems

As of early 2025, three principal PCCT platforms have
received regulatory approval for clinical use. The
NAEOTOM Alpha (Siemens Healthineers, Forchheim,
Germany) is a dual-source system employing CZT
detectors with a minimum pixel pitch of 0.25 mm and
four simultaneous energy thresholds. The VYNTEGRA
(GE HealthCare) and the Philips Spectral CT 7500
represent additional platforms with varying detector
configurations and energy bin architectures [15]. The
majority of peer-reviewed cardiac PCCT evidence to date

3.3 Eligibility Criteria

originates from the NAEOTOM Alpha platform, which
should be considered when interpreting cross-platform
generalizability of reported findings [3,10].

METHODS
3.1 Protocol Registration and Reporting

This systematic review was conducted and reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020)
guidelines. The review protocol was prospectively
registered with PROSPERO (Registration No.: [To be
assigned]).

3.2 Search Strategy

A structured electronic literature search was performed
across PubMed/MEDLINE, EMBASE, Scopus, Web of
Science, and Google Scholar, covering publications from
January 2018 through March 2025. The search combined
MeSH and free-text terms including: ('photon-counting
CT' OR 'photon-counting detector CT' OR 'PCD-CT' OR
'PCCT') AND (‘coronary artery' OR 'cardiac' OR
'cardiovascular'’) AND (‘plaque’ OR 'stenosis' OR
'calcification’ OR 'image quality' OR 'radiation dose').
Reference lists of eligible articles were manually screened
for additional relevant studies. Grey literature, conference
abstracts without full-text, and non-English publications
were excluded.

PICO Element Inclusion Criteria Exclusion Criteria

Population Adult patients (L118 years) undergoing cardiac | Paediatric studies; animal or phantom-
CT for suspected or known CAD, TAVR only studies
planning, calcium scoring, or stent follow-up

Intervention PCCT (any approved clinical system) for Solely dual-energy EID-CT; non-
cardiac/coronary imaging cardiac PCCT studies

Comparison EID-CT (single-energy or dual-energy); invasive| Studies with no comparator (unless
coronary angiography (ICA); IVUS/OCT single-arm prospective)

Outcomes Image quality (SNR, CNR, spatial resolution); Studies reporting only phantom or non-
stenosis quantification; plaque characterization; | clinical metrics
radiation dose (CTDIvol, DLP, effective dose);
diagnostic accuracy vs. reference standard

Study Design Prospective trials, retrospective comparative Case reports, editorials, letters; studies
studies, diagnostic accuracy studies, systematic | <10 subjects
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reviews

Table 2. PICO framework for study eligibility criteria

3.4 Study Selection and Data Extraction

Two independent reviewers (A.K. and [Co-reviewer])
screened titles and abstracts, followed by full-text review
of potentially eligible studies. Discrepancies were
resolved by consensus or third-party adjudication. Data
were extracted using a standardized form capturing: study
design, sample size, patient demographics, PCCT system
specifications, acquisition parameters, outcome measures,
and key results. Where data were presented in graphical
form, values were extracted using digital ruler software.

3.5 Quality Assessment

Methodological quality of diagnostic accuracy studies
was appraised using the Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2) tool,
evaluating four domains: patient selection, index test,
reference standard, and flow/timing. Overall evidence
quality was graded using the GRADE approach (Grading
of Recommendations, Assessment, Development and
Evaluations), with evidence rated as high, moderate, low,
or very low certainty based on study design limitations,
inconsistency, indirectness, imprecision, and publication
bias.

RESULTS
4.1 Study Selection

The initial database search retrieved 984 records, with an
additional 22 studies identified through manual reference
list screening. Following deduplication, 743 unique
records underwent title and abstract screening, of which
187 were selected for full-text review. After applying
eligibility criteria, 38 studies were included in the final
qualitative synthesis. Primary reasons for exclusion
included: phantom-only design (n=54), insufficient
sample size (n=38), non-cardiac focus (n=29), and
duplicate reporting from the same cohort (n=28). A
PRISMA flow diagram is presented in the supplementary
material.

4.2 Coronary Artery Visualization and Stenosis

Assessment

The most substantiated benefit of PCCT in cardiac
imaging pertains to its superior spatial resolution for
coronary artery delineation. Conventional EID-CT
systems achieve in-plane spatial resolution of
approximately 0.5-0.6 mm, whereas PCCT at ultra-high
resolution (UHR) mode achieves in-plane resolution of
0.2-0.25 mm, representing a two- to threefold
improvement [10,16]. This enhanced resolving capability

translates directly into more accurate stenosis
quantification, particularly in vessels affected by dense

coronary calcifications where blooming artifacts with
EID-CT historically led to overestimation of stenosis
severity.

Emrich et al. (2024) conducted a prospective intra-
individual comparison of UHR PCCT versus standard
EID-CT in 68 patients with suspected CAD,
demonstrating that PCCT reduced mean stenosis
assessment bias from 10.1% to 2.3% (p < 0.001) for
calcified plaque segments. Crucially, 54% of patients
were reclassified toward lower CAD-RADS categories
when imaged with PCCT, with the median stenosis
degree for calcified lesions reduced from 41.5% to 26.7%
— a finding with significant implications for preventing
unnecessary downstream invasive procedures [17].

Wolf et al. (2023) performed an intra-individual
comparison between EID and PCCT in coronary artery
stenosis measurement, confirming that UHR PCCT
substantially improved visualization of stents, coronary
calcifications, non-calcified plaque, coronary lumen
contours, and vessel wall morphology. Subjective image
quality scores for noise, sharpness, and overall diagnostic
confidence were consistently superior on PCCT, while
CNR and SNR metrics showed platform-specific
variation [18]. The reduction of calcium blooming
artifacts was independently confirmed by Koons et al.,
who demonstrated improved stenosis assessment in
patients with dense coronary calcifications at comparable
or lower radiation doses [19].

In a challenging high-risk cohort of 68 patients with
severe aortic valve stenosis scheduled for TAVR, Hagar et
al. (2023) reported that PCCT CCTA achieved 96%
sensitivity, 84% specificity, and 88% overall accuracy for
clinically significant CAD detection, with an area under
the ROC curve of 0.93. Notably, 79% of coronary
segments received good or excellent image quality ratings
— a remarkable performance considering the inherent
cardiovascular complexity of this population [20].

Stent assessment represents another domain where PCCT
demonstrates a pronounced advantage. Approximately
8% of coronary stents assessed by conventional EID-CT
— primarily thick-strut or small-diameter devices — are
non-evaluable due to blooming and metal artifacts
[20,21]. Stein et al. (2025) evaluated dual-source PCCT
for small coronary stent imaging in phantom and clinical
settings, confirming that UHR mode significantly reduced
metallic blooming and improved in-stent lumen
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visualization across different scan modes, supporting
PCCT as the preferred modality for post-stent follow-up
[22].

4.3 Coronary Atherosclerotic Plaque Characterization

The characterization of coronary atherosclerotic plaque
— distinguishing calcified from non-calcified and
identifying lipid-rich high-risk morphologies — carries
substantial prognostic importance for cardiovascular risk
stratification and therapeutic decision-making. PCCT's
dual advantage of ultra-high spatial resolution and native
spectral capability positions it uniquely for this task
compared with both EID-CT and conventional CCTA
[13,23].

Si-Mohamed et al. (2022) reported that PCCT provided a
2.3-fold higher detectability index for coronary lumen
delineation and a 2.9-fold higher detectability index
specifically for non-calcified plaque compared with
conventional CT in ex vivo coronary specimens.
Blooming artifact reduction was pronounced and
diagnostic confidence was rated significantly superior by
three independent radiologists [24]. In the first in-human
quantitative plaque characterization study using UHR
PCCT CCTA, Mergen et al. (2022) demonstrated
feasibility of non-invasive plaque tissue differentiation by
Hounsfield Unit thresholding at sub-millimeter
resolution, identifying fibrous, fibro-fatty, and necrotic
core components previously requiring invasive
intravascular imaging [25].

The spectral capabilities of PCCT enable virtual
monoenergetic reconstructions that substantially alter
attenuation characteristics of plaque components. Busse
et al. (2024) evaluated 51 plaques across multiple VMI
energy levels (40-70 keV), demonstrating that different
energy levels substantially change plaque attenuation
values and component volumes — with 70 keV
reconstructions yielding the lowest relative difference for
calcified plaque volume, thereby establishing a practical
standard VMI keV level for consistent plaque volumetry
[26].

Coronary artery calcium scoring (CACS), a cornerstone
of cardiovascular risk stratification, has also been
extensively evaluated with PCCT. A prospective head-to-
head comparison by Schwartz et al. (2023) demonstrated
that PCCT yielded Agatston scores, calcium volumes, and
calcium mass measurements statistically equivalent to
standard EID-CT across all four major coronary arteries,

A bibliometric analysis by the PCCT research consortium
(2025) synthesizing data from 81 studies published
between 2019 and 2024 identified coronary artery
calcium scoring, atherosclerotic plaque assessment, and
coronary stenosis quantification as the three dominant
research themes, with a significant upward publication
trend peaking in 2023 — reflecting the field's rapid
maturation following initial PCCT clinical availability
[28].

4.4 Radiation Dose Efficiency

A consistent finding across PCCT cardiac studies is the
potential for meaningful radiation dose reduction without
compromise of diagnostic image quality. This benefit
stems from PCCT's noise-free detection at low photon
flux, enabling lower tube current protocols, and from the
elimination of electronic noise as a dose-limiting factor
[7.8].

van der Werf et al. (2021) systematically evaluated dose
reduction strategies for CACS using PCCT with reduced
tube voltage protocols, demonstrating dose reductions of
27%, 44%, and 67% at 90 kVp standard dose, 75% dose,
and 45% dose protocols respectively, while maintaining
reproducible Agatston scores within clinically acceptable
limits for medium- and high-density coronary calcium
[29].

The systematic review by Renning et al. (2025), which
specifically compared PCCT against EID-CT across in
vivo human cardiac studies, concluded that PCCT offers
significant advantages in both objective and subjective
image quality dimensions, with dose reduction as a
consistent secondary benefit across multiple cardiac CT
protocols including CACS, CCTA, and myocardial CT
perfusion [30]. However, the authors noted that absolute
dose figures varied substantially across studies due to
differing acquisition protocols, patient populations, and
system-specific optimization settings, underscoring the
need for standardized protocol reporting.

A practical dose advantage of PCCT lies in its ability to
perform CACS and CCTA within a single contrast-
enhanced acquisition using iodine subtraction algorithms,
potentially eliminating the separate non-contrast CACS
scan and reducing cumulative patient dose. Fink et al.
(2023) validated a virtual non-iodine algorithm for CACS
extraction from PCCT CCTA data, demonstrating
accurate Agatston score derivation without the need for
an additional dedicated non-contrast scan — a workflow

with no clinically relevant differences in CAD risk innovation with significant dose and efficiency
category assignment. Despite equivalent diagnostic implications [31].
performance, PCCT administered substantially lower
radiation dose (CTDIvol: 2.1 £ 0.9 mGy vs. 4.5 + 3.9
mGry for EID-CT, p = 0.05) [27].
Domain Key Finding Evidence Grade Reference(s)
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Coronary 54% of patients reclassified to lower CAD- Moderate [17,18]

Visualization RADS on PCCT; mean stenosis bias reduced
from 10.1% to 2.3%

Stent Assessment Significant reduction in metallic blooming; Moderate [22]
improved in-stent lumen visibility in UHR
mode

Non-Calcified 2.9x higher detectability index vs. EID-CT; Low—Moderate [24,25]

Plaque feasibility of non-invasive tissue
characterization

Calcified Plaque Spectral VMI at 70 keV optimal for calcified | Moderate [26]
volume; reduced blooming overestimation

Calcium Scoring Equivalent Agatston scores to EID-CT; dose High [27,29]
reduced by ~53% (CTDIvol 2.1 vs 4.5 mGy)

Radiation Dose Dose reduction of 27-67% across cardiac Moderate [29,30]
protocols without diagnostic quality
compromise

Workflow Single-scan CACS+CCTA feasible via Low [31]
virtual non-iodine algorithm

Table 3. Summary of key findings by domain with GRADE evidence quality ratings.
DISCUSSION in unnecessary invasive procedures, directly impacting

5.1 Principal Findings

This systematic review synthesizes evidence across three
interdependent domains of cardiac PCCT performance.
The overarching finding is that PCCT consistently
outperforms conventional EID-CT in cardiac imaging,
with the most robust evidence supporting advantages in
spatial resolution, calcium artifact reduction, and
radiation dose efficiency. Evidence for plaque tissue
characterization is promising but remains at moderate-to-
low certainty, reflecting the relative infancy of clinical
PCCT adoption and the limited availability of large-scale
multicenter validation studies.

5.2 Clinical Implications for Coronary Artery Disease
Management

The reclassification of over half of patients toward lower
stenosis categories on PCCT compared with EID-CT
carries profound downstream implications.
Overestimation of coronary stenosis severity by EID-CT
due to calcium blooming has historically driven
inappropriate referrals for invasive coronary angiography,
with attendant procedural risk and healthcare resource
utilization. PCCT's ability to reduce this artifact-driven
misclassification may translate to meaningful reductions

patient safety and clinical economics [17,20].

The improved diagnostic performance in high-risk,
technically challenging populations — including patients
with heavy calcifications, prior stenting, and severe
valvular disease — addresses a critical unmet need that
conventional CT had previously served poorly. Patients in
these categories were often referred directly to invasive
angiography precisely because non-invasive CT
assessment was deemed insufficient; PCCT potentially
extends the diagnostic reach of non-invasive cardiac
imaging to these groups [3,20,22].

5.3 Spectral Plaque Characterization: Current Status
and Future Prospects

The capacity for non-invasive plaque tissue
characterization using spectral PCCT data represents
arguably the most transformative long-term potential of
this technology. Current intravascular imaging modalities
— optical coherence tomography (OCT) and
intravascular ultrasound (IVUS) — remain the gold
standards for plaque morphology assessment but require
invasive catheterization with procedural risk. If PCCT
can reliably identify high-risk plaque features such as
necrotic core, thin-cap fibroatheroma, and lipid pool —
attributes currently beyond the resolving power of EID-
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CT — it would represent a paradigm shift in non-invasive
cardiovascular risk stratification [12,13,25].

Active clinical trials such as EAGLE (Coronary
Evaluation And Guided Lesion Exploration) and
ACOPLAMI are directly evaluating PCCT plaque
characterization accuracy against OCT and IVUS
reference standards in controlled prospective settings,
with results anticipated to substantially refine the
evidence base in this domain [32,33].

5.4 Limitations of Current Evidence

Several important limitations temper the conclusions of
this review. First, the overwhelming majority of published
evidence derives from a single PCCT platform
(NAEOTOM Alpha), limiting cross-platform
generalizability to GE and Philips systems. Second, most
studies are single-center, relatively small (typically 40—
100 patients), and of short follow-up duration, precluding
assessment of long-term clinical outcomes such as major
adverse  cardiovascular events (MACE). Third,
acquisition and  reconstruction  protocols  vary
substantially across studies, hampering quantitative meta-
analysis of dose or image quality metrics. Fourth, the
cost-effectiveness of PCCT versus EID-CT in routine
cardiac practice has not been systematically evaluated in
health technology assessment frameworks.

5.5 Future Directions

Priority areas for future research include: multicenter
prospective trials comparing PCCT to EID-CT with
clinical outcome endpoints; standardization of PCCT
acquisition and reconstruction protocols for cardiac
applications; head-to-head comparisons across PCCT
platforms; integration of artificial intelligence-based
automated plaque analysis with PCCT spectral data; and
health economic evaluation of PCCT implementation in
cardiac CT pathways. The development of K-edge
imaging protocols using novel contrast agents (e.g.,
bismuth, tantalum, gold nanoparticles) enabled by
PCCT's spectral sensitivity may further expand functional
cardiac imaging capabilities [13,34].

CONCLUSIONS

Photon-counting CT represents a clinically significant
technological advancement in cardiac imaging, with well-
documented advantages in coronary artery visualization,
calcium artifact mitigation, plaque characterization, and
radiation dose efficiency relative to conventional energy-
integrating CT systems. Current evidence, predominantly
derived from single-center studies using the NAEOTOM
Alpha platform, supports the adoption of PCCT as the
preferred modality for technically challenging cardiac CT
scenarios including patients with heavy coronary
calcifications, metallic stents, and high cardiovascular

risk. The technology's intrinsic spectral capability holds
particular promise for non-invasive plaque tissue
characterization, potentially reducing reliance on invasive
intravascular imaging in select patient groups.

However, broad clinical implementation requires
standardized acquisition protocols, multicenter validation
with clinical outcome endpoints, cross-platform evidence
generation, and rigorous health economic assessment. As
the global PCCT installation base expands and
prospective trials report, the evidence base is expected to
mature rapidly, potentially redefining the role of non-
invasive cardiac CT in contemporary cardiovascular
medicine.

REFERENCES

1. Roth GA, Mensah GA, Johnson CO, et al. Global
burden of cardiovascular diseases and risk factors,
1990-2019. J Am Coll Cardiol. 2020;76(25):2982—
3021. doi:10.1016/j.jacc.2020.11.010

2. Narula J, Chandrashekhar Y, Ahmadi A, et al. SCCT
2021 Expert Consensus Document on Coronary
Computed Tomographic Angiography. J Cardiovasc
Comput Tomogr. 2021;15(3):192-217.
doi:10.1016/j.jcct.2020.11.001

3. Cademartiri F, Meloni A, Pistoia L, et al. Dual-
source photon-counting computed tomography —
Part I: Clinical overview of cardiac CT and
coronary CT angiography applications. J Clin Med.
2023;12(11):3627. doi:10.3390/jcm12113627

4. Flohr T, Schmidt B. Technical basics and clinical
benefits of photon-counting CT. Invest Radiol.
2023;58(7):441-450.
doi:10.1097/RLI.0000000000000987

5. Willemink MJ, Persson M, Pourmorteza A, Pelc NJ,
Fleischmann D. Photon-counting CT: technical
principles and clinical prospects. Radiology.
2018;289(2):293-312.
doi:10.1148/radiol.2018172656

6. Meloni A, Maffei E, Clemente A, et al. Spectral
photon-counting computed tomography: technical
principles and applications in cardiovascular
diseases. J Clin Med.  2024;13(8):2359.
doi:10.3390/jcm13082359

7. Leng S, Bruesewitz M, Tao S, et al. Photon-
counting detector CT: system design and clinical
applications of an emerging technology.
Radiographics. 2019;39(3):729-743.
doi:10.1148/rg.2019180115

8. Taguchi K, Iwanczyk JS. Vision 20/20: single
photon counting x-ray detectors in medical imaging.
Med Phys. 2013;40(10):100901.
doi:10.1118/1.4820371

9. Meloni A, Cademartiri F, Positano V, et al.
Technical principles, benefits, challenges, and
applications of photon counting computed
tomography in coronary imaging: a narrative

1JDDT, Volume 16 Issue 42s, 2026

Page 736



Photon-Counting CT in Cardiac Imaging: A Systematic Review of Coronary Artery Visualization, Plaque Characterization, and
Dose Efficiency.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

review. Cardiovasc Diagn Ther. 2024;14(4):583—
602. doi:10.21037/cdt-23-427

Rajendran K, Petersilka M, Henning A, et al. First
clinical photon-counting detector CT system:
technical evaluation. Radiology. 2022;303(1):130—
138. doi:10.1148/radiol.211989

Alvarez RE, Macovski A. Energy-selective
reconstructions in x-ray computerized tomography.
Phys Med Biol. 1976;21(5):733-744.
doi:10.1088/0031-9155/21/5/002

Schwartz FR, Bhatt DL, Rajiah P, et al. Spectral
photon-counting computed tomography: a review
on technical principles and clinical applications. J
Cardiovasc Comput Tomogr. 2022;16(1):36-47.
doi:10.1016/j.jcct.2021.09.005

Flohr T, Schmidt B, Ulzheimer S, Alkadhi H.
Cardiac imaging with photon counting CT. Br J
Radiol. 2023;96(1152):20230407.
doi:10.1259/bjr.20230407

Si-Mohamed SA, Boccalini S, Rodesch PA, et al.
Spectral photon-counting CT: technical principles
and clinical applications.v. Invest Radiol.
2022;57(8):533-546.
doi:10.1097/RLI.0000000000000870

Occhipinti M, Clemente A, De Gori C, et al. Ultra-
high spatial resolution at photon-counting computed
tomography: technical insights and sustainable
applications in cardiothoracic imaging. Eur Radiol
Exp. 2026;10(1):9. doi:10.1186/s41747-025-00656-
0

Clinical Applications of Photon-counting CT: A
Review  of  Pioneer  Studies.  Radiology.
2022;305(3):741-757. doi:10.1148/radiol.222432
Emrich T, Aquino G, Schoepf UJ, et al. Coronary
CT angiography-based stenosis and plaque
characterization with ultra-high-resolution PCCT
versus EID CT. Radiology. 2024;311(1):e231956.
doi:10.1148/radiol.231956

Wolf EV, Gnasso C, Schoepf UJ, et al. Intra-
individual comparison of coronary artery stenosis
measurements between EID-CT and photon-
counting detector CT. Eur Heart J Cardiovasc
Imaging. 2023;15(2):61-68.
doi:10.1093/ehjci/jead061

Koons E, Chang S, Leng S, McCollough C.
Improved coronary artery stenosis assessment in
calcified segments using photon-counting detector
CT. J Cardiovasc Comput Tomogr. 2023;17(3):156—
163. doi:10.1016/j.jcct.2023.01.009

Hagar MT, Boccalini S, Si-Mohamed S, et al.
Coronary artery disease assessment in patients with
severe aortic valve stenosis using photon-counting
CT. Radiology. 2023;307(2):e223305.
doi:10.1148/radiol.223305

Fahrni G, Boccalini S, Prieur C, Douek P, Si-
Mohamed SA. Comprehensive imaging of coronary

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

stent using ultra-high resolution spectral photon
counting CT. JACC  Cardiovasc Interv.
2023;16(19):2466-2468.
doi:10.1016/].jcin.2023.08.024

Stein T, von Zur Muhlen C, Verloh N, et al.
Evaluating small coronary stents with dual-source
photon-counting CT: effect of different scan modes.
Diagn Interv Radiol. 2025;31(1):29-38.
doi:10.5152/dir.2024.253274

Sharma A, Cerdas MG, Reza-Soltani S, et al. A
review of photon-counting CT in the diagnosis of
cardiovascular diseases Cureus.
2024;16(11):€73119. doi:10.7759/cureus.73119
Si-Mohamed S, Boccalini S, Brun F, et al. Coronary
CT angiography with photon-counting CT: first-in-
human results. Radiology. 2022;303(2):303-313.
doi:10.1148/radiol.211780

Mergen V, Eberhard M, Manka R, Euler A, Alkadhi
H. First  in-human  quantitative  plaque
characterization with ultra-high resolution coronary
photon-counting CT angiography. Front Cardiovasc
Med. 2022;9:981012.
doi:10.3389/fcvm.2022.981012

Busse M, Gonzalez-Gonzalez E, Robledo-Carmona
J, et al. Virtual monoenergetic imaging for coronary
plaque characterization with photon-counting
detector CT. Eur Radiol. 2024;34(8):5321-5330.
doi:10.1007/500330-023-09876-7

Schwartz FR, Rowe SP, Lin G, et al. Prospective
comparison of coronary artery calcium scoring
between standard CT and photon-counting CT at
reduced radiation dose. J Thorac Imaging.
2023;38(1):44-45.
doi:10.1097/RTI1.0000000000000685

Cademartiri F, Meloni A, Rau A, et al. Trends in
clinical cardiac photon-counting detector CT
research: a comprehensive bibliometric analysis.
Diagnostics. 2025;15(4):504.
doi:10.3390/diagnostics 15040504

van der Werf NR, van Gent M, Booij R, et al. Dose
reduction in coronary artery calcium scoring using
mono-energetic images from reduced tube voltage
dual-source photon-counting CT. Diagnostics.
2021;11(12):2192.
doi:10.3390/diagnostics11122192

Renning M, Johansen E, Rusandu A. Photon-
counting CT versus energy-integrating detectors for
cardiac imaging: a systematic review of in vivo
human studies on image quality and radiation dose.
BMC Med Imaging. 2025;25(1):216.
doi:10.1186/s12880-025-01825-8

Fink N, Zsarnoczay E, Schoepf UJ, et al. Radiation
dose reduction for coronary artery calcium scoring
using a virtual noniodine algorithm on photon-
counting detector CT phantom data. Diagnostics.
2023;13(9):1540. doi:10.3390/diagnostics 13091540

1JDDT, Volume 16 Issue 42s, 2026

Page 737



Photon-Counting CT in Cardiac Imaging: A Systematic Review of Coronary Artery Visualization, Plaque Characterization, and
Dose Efficiency.

32. EAGLE Trial. Coronary Evaluation And Guided

33.

Lesion Exploration Using Photon-Counting CT and
Intracoronary Imaging. ClinicalTrials.gov Identifier:
NCT07036770. 2025.

ACOPLAMI Trial. Advanced Coronary Plaque
Morphology Assessment Using Photon-Counting
Detection and Invasive Coronary Imaging.
ClinicalTrials.gov Identifier: NCT06499207. 2024.

34. Qin L, Zhou S, Dong H, et al. Improvement of

coronary stent visualization wusing ultra-high-
resolution photon-counting detector CT. Eur Radiol.
2024;34(10):6568-6577. doi:10.1007/s00330-024-
10689-2

1JDDT, Volume 16 Issue 42s, 2026

Page 738



