IR

Diagn Interv Radiol 2025; DOI: 10.4274/dir.2025.253597

CARDIOVASCULAR IMAGING

Copyright @ 2025 Author(s) - Available online at dirjournal.org. I N V | T E D R E V | E W A R T | C L E
@ @ @ Content of this journal is licensed under a Creative Commons
BY _NC Attribution-NonCommercial 4.0 International License.

A scoping review of photon-counting detector computed tomography
in cardiovascular imaging

Deniz Alis!

Mehmet Onur Onal?
Mijgan Orman3
Mustafa Ege Seker*
Ahmet Akyol®

Cem Alhan®

Ercan Karaarslan'

TAcibadem Mehmet Ali Aydinlar University Faculty of
Medicine, Department of Radiology, istanbul, Tiirkiye

2istanbul University Cerrahpasa Faculty of Medicine,
Department of Radiology, istanbul, Tiirkiye

3Acibadem Healthcare Group, Department of
Radiology, istanbul, Tiirkiye

4University of Wisconsin-Madison, Department of
Radiology, Wisconsin, United States of America

5Acibadem Mehmet Ali Aydinlar University Faculty of
Medicine, Department of Cardiology, istanbul, Tiirkiye

6Acibadem Mehmet Ali Aydinlar University Faculty
of Medicine, Department of Cardiovascular Surgery,
istanbul, Turkiye

Corresponding author: Deniz Alis
E-mail: drdenizalis@gmail.com

Received 07 August 2025; revision requested 08
September 2025; last revision received 17 October 2025;
accepted 27 October 2025.

Epub: 20.11.2025

Publication date:

DOI: 10.4274/dir.2025.253597

ABSTRACT

Photon-counting detector computed tomography (PCD-CT) employs direct-conversion detectors
that record the arrival and energy of individual photons, enabling high-resolution, multi-energy
cardiovascular imaging. We searched MEDLINE, Embase, and Scopus from January 2021 through
September 2025 and included 59 studies. Owing to heterogeneity in study designs, protocols, and
endpoints, the findings were synthesized narratively across five domains (coronary, myocardial,
structural/valvular, pulmonary-cardiopulmonary function, and aortic/visceral/peripheral arteries).
In coronary imaging, a routine-practice cohort (n = 7.833) reported a per-patient specificity of 98%
vs. 93%, lower invasive angiography of 9.9% vs. 13.1%, and a higher revascularization yield of 43.4%
vs. 35.5% [PCD-CT vs. energy-integrating detector CT (EID-CT); ultra-high-resolution protocols
achieved a vessel-level area under the curve (AUC) of up to 0.99. Low-dose CCTA was feasible at
a CTDIvol of 1.72 mGy, and contrast-saving protocols supported diagnostic studies with a volume
of 30 mL. Virtual non-contrast calcium scoring showed an intraclass correlation coefficient of 0.98
vs. true non-contrast. In myocardial tissue characterization, PCD-CT-derived extracellular volume
differed from cardiovascular magnetic resonance by <2% in selected cohorts, with a kappa of up to
0.956 for late-enhancement agreement; segment-level inflammation classification reached an AUC
of 0.95. For structural/valvular assessment, a comparative cohort reported an effective dose of 8.8 +
4.5 vs. 15.3 £ 5.8 mSy, with visual image quality scores of 4.8 vs. 3.3, respectively, for PCD-CT vs. EID-
CT. Lung-perfusion iodine maps for chronic thromboembolic pulmonary hypertension achieved
an accuracy of 0.85-0.88 at approximately one-fifth of the dose of single-photon emission CT. For
aortic/peripheral applications, thoracoabdominal protocols reported a dose of 4.2 £ 1.4 vs. 7.2 £ 2.2
mGy, with a higher signal-to-noise ratio/contrast-to-noise ratio (PCD-CT vs. EID-CT); infrapopliteal
imaging used 60 versus 140 mL of contrast, respectively, with improved vessel sharpness for PCD-
CT vs. EID-CT; diagnostic performance for peripheral stenosis reached a sensitivity of 91% and a
specificity of 95%, respectively, when compared with digital subtraction angiography. Overall, the
evidence—predominantly single center—indicates that PCD-CT may enable dose- and contrast-ef-
ficient cardiovascular imaging with strong diagnostic metrics, and confirmation in multicenter out-
come and cost-effectiveness studies remains a priority.

KEYWORDS
Photon counting, computed tomography, cardiovascular imaging, diagnostic accuracy, computed
tomography angiography

ardiovascular computed tomography (CT) is a critical tool for the non-invasive as-

sessment of coronary artery disease, myocardial tissue pathology, structural/valvular

disease, pulmonary vascular disorders, and aortic/peripheral arterial pathology. Pho-
ton-counting detector CT (PCD-CT) represents a shift in detector design. By registering the ar-
rival and energy of individual X-ray photons, PCD-CT can reduce electronic noise and support
high-resolution (HR), multi-energy imaging more effectively than energy-integrating detector
CT (EID-CT).

PCD-CT can achieve submillimeter spatial resolution at routine radiation doses, enabling
coronary CT angiography (CCTA) that depicts 1-2-mm distal vessels and fine morphologic
features (e.g., non-calcified plaques, napkin-ring signs, ostial lesions). In parallel, energy-based
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photon weighting can mitigate calcium and
stent blooming and improve in-stent lumen
depiction and calcium quantification com-
pared with EID-CT.* Beyond morphology,
the multi-energy output allows retrospec-
tive monoenergetic reconstructions, iodine
maps, and (where available) K-edge material
decomposition. These capabilities have sup-
ported single-acquisition protocols captur-
ing coronary and myocardial phases, in vivo
plaque imaging, and angiographic strategies
that have reported a higher contrast-to-noise
ratio (CNR) with iodine dose reductions of up
to 40% in selected settings. Low-keV recon-
structions have been reported to maintain
diagnostic quality despite suboptimal bolus
timing and to facilitate single-scan endoleak
evaluation after aortic repair.>'°

These capabilities extend beyond coro-
nary imaging: iodine-based maps and de-
layed-enhancement surrogates enable myo-
cardial tissue characterization; HR sizing and
peripheral access planning support struc-
tural/valvular workflows; iodine mapping
supports pulmonary perfusion assessment
alongside embolus detection; and low-keV
reconstructions can improve vascular con-
spicuity in aortic and peripheral arteries,
enabling contrast-saving protocols.>'® Given
heterogeneity in protocols, reconstructions,
and endpoints across studies, a structured
synthesis is warranted.

Accordingly, we present a state-of-the-
art scoping review of peer-reviewed adult
cardiovascular PCD-CT studies published
through September 2025, synthesizing find-
ings across five domains—coronary arteries,
myocardial tissue, structural heart/valves,
pulmonary-cardiopulmonary function, and
aortic/visceral/peripheral arteries—and

* This scoping review synthesizes findings
from 59 clinical studies evaluating pho-
ton-counting detector computed tomogra-
phy (PCD-CT) in cardiovascular imaging.

* PCD-CT can provide higher spatial reso-
lution and spectral detail than energy-in-
tegrating detector CT, enhancing the de-
tection of small anatomical structures and
subtle pathologies.

* In selected protocols and cohorts, PCD-CT
can reduce radiation exposure and con-
trast-medium use, typically by up to 40%-
60%, although effects vary by indication
and technique.

* Its multi-energy capabilities can enable
functional assessments—such as myocar-
dial characterization and pulmonary perfu-
sion mapping—often within a single scan.

complementing these with clearly labeled,
illustrative examples from our single-center
experience [>1.000 PCD-CT examinations
on a (Siemens, Forchheim, Germany), not in-
cluded in the current synthesis].

Methods

A scoping literature review was conduct-
ed to map and summarize clinical studies
of PCD-CT in cardiovascular imaging. The
search covered January 2021 (onset of clini-
cal availability) through September 1, 2025.
Searches were performed in PubMed/MED-
LINE, Embase, and Scopus using a broadened
keyword set combining PCD-CT terms and
cardiovascular terms. The core logic includ-
ed PCD-CT synonyms (e.g., “photon-count-
ing detector computed tomography,” “pho-
ton-counting CT,” “PCD-CT,” “SPCCT, and
device names where reported) AND cardio-
vascular concepts (cardiac, cardiovascular,
coronary, vascular, myocardial, aorta, valvu-
lar/structural, TAVI/TAVR, pulmonary).

The initial search yielded 828 records. Af-
ter deduplication and title/abstract screen-
ing, 467 records remained for full-text as-

PubMed: (n = 240)
Scopus: (n = 280)

sessment. Original clinical studies in adults
that used PCD-CT for any cardiovascular
indication, were published in peer-reviewed
journals, and reported at least one imaging,
diagnostic, or workflow outcome were in-
cluded. Phantom-, animal-, or simulation-on-
ly studies; pediatric or congenital cohorts;
neurovascular studies; abstract-only publi-
cations; and purely technical reports without
a clinical cohort were excluded. A total of 59
studies met the criteria and were included in
the review. The evidence-identification flow
is summarized in Figure 1.

Two reviewers independently screened
titles/abstracts and full texts, resolving dis-
agreements by consensus. For each includ-
ed study, the following was charted: study
design and setting; patient characteristics;
scanner/vendor; acquisition and reconstruc-
tion parameters [e.g. kilovolt peak (kVp),
pitch, ultra-HR (UHR) protocols, virtual mon-
oenergetic image (VMI) keV levels, kernels/
iterative settings]; dose metrics as reported
[CT dose index volume (CTDlvol), dose-
length product (DLP), size-specific dose esti-
mate (SSDE), and/or effective dose]; contrast
volume; image-quality measures [objective

Embase: (n = 308)
Total: (n = 828)

Records screened (n = 467)

Records removed before the
screening:
- Duplicate records
removed (n = 361)

Studies included in the
review (n = 59)

Records excluded (n = 408):
- No clear outcome (n = 76)
- Non-human study (n = 214)
- Pediatrics or neurovascular study (n = 118)

Figure 1. Literature search diagram. The initial search yielded 828 publications, which were reduced to 467
articles after the removal of duplicates and irrelevant studies. A total of 59 studies were ultimately included
in the final review and synthesis, as they met all predefined inclusion criteria.
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and subjective, including the signal-to-noise
ratio (SNR)/CNR when provided]; and diag-
nostic performance vs. the stated reference
standard [e.g., area under the curve (AUQ),
sensitivity, specificity].

Given heterogeneity in populations, pro-
tocols, endpoints, and reporting formats, no
quantitative pooling or meta-analysis was
performed. Findings are synthesized nar-
ratively, with numeric ranges reported by
application domain (coronary, myocardium,
structural/valvular, pulmonary, aortic/pe-
ripheral).

Results

Coronary computed tomography angiog-
raphy

A total of 31 investigations evaluating
CCTA with PCD-CT were identified (Table 1).
Study designs included retrospective and
prospective diagnostic accuracy cohorts,
protocol-optimization studies for radiation/
contrast reduction, and quantitative assess-
ments using virtual monoenergetic imaging
and iterative reconstruction. Several studies
used UHR (0.2 mm) acquisitions.'"?

Table 1. Photon-counting CT studies related to coronary CT angiography

In a large retrospective routine-practice
cohort (n = 7.833), per-patient specificity
with PCD-CT was 98% and 93% with EID-CT,
positive predictive value was 83% and 63%,
invasive coronary angiography (ICA) referral
was 9.9% and 13.1%, and revascularization
yield was 43.4% and 35.5%, respectively.'
In a high-risk cohort with heavy calcification
or stents (n = 68), sensitivity and specificity
were 96% and 84%, respectively." Two UHR
studies reported a mean stenosis-measure-
ment error of 6% and a vessel-level AUC of
up to 0.99."12

routine-contrast

Author Journal Study design Cohort Imaging Results Conclusion
Spectral PCD-CTHR  Actoss all keV, PCD-CT fpeak, f50, _High-and ultra-high-
. Phantom + , ) ; resolution PCD-CT VMIs
- Eigelita Eur Radiol. reliminar 8 pts + phantom e et UL d’> dual-layer DECT; radiologists markedly enhance coronary-
etal.”2023 ’ P Y P P (0.43 mm) VMIs 40-90 rated lumen sharpness and 1Q 4 i 4
human . lumen detectability versus
keV higher for PCD-CT
dual-energy CT
Retrospectivel UHR PCD-CT CCTA delivers
Prospective p Y AUC of 0.93 pp/0.94 pv/0.92 ps; high accuracy for CAD even
2. Hagar ; . . ECG-gated UHR CCTA, e negie . N .
A Radiology. diagnostic 68 pts sensitivity of 96%, specificity of in pts at high risk and with
etal.*2023 120/140 kV, 120 x 0.2 . e
accuracy X . 84%, accuracy of 88% (per patient) heavy calcification and
mm, 100 mL iopromid
stents
Two texture features (gldm_
Rioseed e FiiszsenEaD- HighGrayLevelEmphasis PCAT ra(?lor’.mc.s on
Front . 23.95vs. 22.99; glrim_ PCD-CT discriminates
3. Kahmann ) single-center CT; manual PCAT . . X
o Cardiovasc S 66 pts A HighGrayLevelRunEmphasis hypercholesterolemia,
etal.*2023 radiomics segmentation (LCA & X . K
Med. analvsis RCA): pyradiomics 24.21vs.23.31; P=0.013-0.24) suggesting a non-invasive
Y PPy differentiated hyper-cholesterol biomarker
emic vs. normo-lipidemic patients
Radiomics “glem_ Periaortic adipose radiomics
4 Mundt BMC Med Retro§peFt|ve e e e ClusterProminence dlffergntla.tes on PCD-CT co.rrelate_s VYIth
- . radiomics 55 pts Agatston 0 vs. = 100; periaortic coronary calcium, hinting
etal. 62023 Imaging. . PCD-CT chest . . !
association adipose texture and coronary at inflammatory biomarker
calcium value
Prospective . Coronary CNR and subjective . PCD-CT 5|gn|f|c.ant|y
- : PCD-CT polychromatic . improves CCTA image
5.Pinos . intra- sharpness higher for all PCD-CT . -
= Eur JRadiol. N 20 pts +VMI of 40-70 keV vs. ) ) quality over EID-CT, with
etal.® 2023 individual reconstructions (especially BMI > L .
EID-CT 2 greatest gain in pts with
crossover 30 kg/m”) .
obesity
27 pts . .
. undergoing High-pitch (3.2) multi-  CT numbers increased to 96% at High:pitch ME PCD-CT
" Prospective . yields diagnostic CCTA at
6. Rajiah . low-contrast energy PCD-CT CCTA; 50 keV vs. 120 kV; CNR increased .
Invest Radiol. two-cohort X half the contrast dose, with
etal.’72023 ovaluation + 26 pts 30 vs. 60 mL iohexol; (P <0.0001); CTDI of 2.5 vs. 3.1 VMI boosting CNR and
undergoing VMIs of 50 and 100 keV  mGy; CAD-RADS changed in 9 pts 9

reader confidence
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Table 1. Continued

Author Journal Study design Cohort Imaging Results Conclusion
Feiesaie In FLASH PCD-CT CCTA,
7. Rotkopf In'tJ PRasibiliy Ulkratrast highspitch HRY strongly predicted image HRV—pot absolutg heart
s Cardiovasc . 73 pts quality (P < 0.001); HR alone not rate—is the key driver of
et al.®¢2023 ) analysis PCD-CT coronary CTA . . .
Imaging. independent motion artefacts and image
(FLASH mode) .
degradation
Dual-source PCD-CT; CP volume feI.I and LAP volume VMI energ‘y.strongly
8. Vattay Cross- 51 plaques/51  VMIs of 40-180 keV (10 rose monotonically with keV; HU alters quantified plaque
1o Eur Radiol. sectional VMI and CNR at 70 keV matched 120  components—standardized
etal?'2023 pts keV steps) vs. 120 kVp .
energy sweep . kVp; all VMI CP volumes #T3D (P thresholds are required for
polychromatic s
<0.05) cross-study comparability
0, - ifi 1 .
JCardiovasc  Retrospective PCD-CTVNI CCTA at 1§.3 % false-zero recla55|f|c.at|.on, VNI CAC.acceptabIe ov.eraII
9. Vecsey-Nagy Comput diagnostic 197 pts 120/140 KV vs. true higher kVp decreased deviation but misses low-density
etal.?2023 p 9 P ’ (=-0.21, P=0.020); low-density lesions; 140 kV improves
Tomogr. agreement non-contrast .
CAC increased error agreement
CTDlvol of 1.72 + 0.38 mGy, DLP
Eur Heart Dual-source PCD-CT; of 29.1 + 6.8 mGy-cm, and an Ultra-low-dose (= 0.4 mSv)
10. Araki JImaging Prospective 40 ots 70 kVp, high-pitch effective dose of 0.41 £ 0.09 mSv; PCD-CT CCTA feasible; sharp
etal.’” 2024 Methods observational P helical; recon kernels >95% segments “good” |Q; sharp kernels maintain I1Q and
Pract. Bv40 and Bv64 kernel altered stenosis grading (P refine stenosis evaluation
<0.001)
. At -20% CM: attenuation is 890 High-contrast VMI on
. PRGN Dl siias FAD-Ch HU, CNRis 26, IQ equals standard;  PCD-CT permits up to 40%
11. Cundari ) three-arm 100 pts (groups CCTA; 45 keV VMI; X K . .
= Acad Radiol. . at -40% CM: attenuation 676 is contrast-media reduction
et al.'®2024 CM-reduction 1-3) standard CM vs. -20% X X - X .
. HU, CNRis 21, and all but 1 scan while retaining diagnostic
study with VMI and -40% volume . B .
diagnostic CCTA quality
Retrospective First-gen PCD-CT, Plaques Wlth HR feature.s/ Plaque-texture radloml.cs
; . relevant stenosis showed higher plus elevated EAT density
12. Kahmann Insights single-center 61 pts and 306 manual plaque . . ;
ot a1 2024 Tt radiomics b - heterogeneity (multiple texture on PCD-CT improve
’ ’ stud radiomics ! features) and higher EAT density identification of patients at
Y Py (P significant) elevated cardiac risk
Retrospective
single-center 170 pts Dual-source PCD-CT ICC of 0.98 (95% Cl: 0.97-0.99); k PureCalcium VNC can
13. Haa comparison of (contrast- CCTA with PureCalcium = 0.88; 74% correctly classified; replace TNC for Agatston
ot ‘aI - 2%24 Radiology. PureCalcium enhanced VNC reconstruction; median Agatston scores of 4.8 vs. scoring, cutting radiation
’ VNCvs.true  PCD-CT CCTA + TNC acquired 2.7 (P=0.99); TNC added 19.7% +  while maintaining plaque-
non-contrast TNCQ) separately 8.8% dose burden class accuracy
CACS
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Table 1. Continued

Author Journal Study design Cohort Imaging Results Conclusion
Prospective LT e gl PCD-CT Agatston & PCD-CT yields slightly
14. JComput ; CAC exam; 3- and K . ;
R intra- 21 pts (42-46 . volume increased to 5-10 mm?3/ higher CAC scores while
McCollough Assist Mg 7 1-mm axial (Qr36/Qr56 7 8 7 5
ot al&” 2024 Tormogr individual arteries) QIR4); dose of 2.1 + 0.6 approximately 8-12 points vs. EID cutting the dose by 13%
: ’ comparison ! MGy o (P <0.001); dose 13% lower compared with EID-CT
Radiol Prospective Contrast CCTA with Safety-net recon detected settsi:fe:)l'/;;ss:’:ligtreict?onn of
15. Fink . phantom + 63 pts + VNC at 55-80 keV; QIR 89% (50/56) previously missed 9 .
@ Cardiothorac - . . small, low-density plaques
et al.®8 2024 Imaain participant phantom of 1-4; safety-net recon  subtle plaques; ICCVNC vs. TNC that standard VNC would
9ing. study at 55 keV/QIR2/110 HU improved to 0.51-0.61 b
Retrospective Gra Lev:Irlilgolrr:?Jlr:igf(I)srznr:;t_ "lower D CIH G POAT e
Front ; P X Manual LAD and RCA . Y Y distinguishes CAD pts,
U el Cardiovasc adiics 36 pts PCAT segmentation on (0 CALRLAD (s v [ - even in non-stenotic RCA
etal 02024 o analysis (PCAT 2 PCDCT T Gon " CAD-LAD (163.2)and CAD-RCA  Seh 11 7002 Sho0e
: vs. CAD) Py (189.1); strongest differentiator by 9gsy R P
alterations
random-forest
Retrospective Unenhanced Four texture features (GLRLM, PCerDa-tCu Tr-etza;esifi/:l—et(ew)(imre
Uz et Diagnostics. radicl)omics 53 pts DR e GLSZM) differed between coronary calcium, offerin
et al.® 2024 g ’ P EAT segmentation; Agatston scores of 0 vs. 1-99/>100 y caicium, 9
study L a potential biomarker of
pyradiomics groups . . .
perivascular inflammation
Cross- VNC median CAC of 8.5 vs. TNC of VNI recon classifies calcium
18. Sharma et Eur Radiol sectional VNC/ 88 bts PCD-CT CCTA with VNC  27.8 (underestimate); VNI of 72.2  risk better than VNC but still
al42024 ’ VNI vs. true P and VNI recon (over-estimate); mis-classification ~ needs optimization before
non-contrast in 55% vs. 32% replacing TNC scan
Large-patient phantom: PCD-CT Thin-slice PCD-CT at
Retrospective 143 pts + PCD-CT at 120 kV, 0.4 detectability index (d’) increased 120 kV maintains vessel
19.van der Bie Med Phvs dose audit + size—vgr in mm, kernels Bv40-56, by 31% vs. EID-CT; small/medium:  detectability for large pts
etal.’? 2024 V5. phantom IQ hantgmg QIR 3/4; mono-E at EID increased by 7%-17% unless  without dose penalty; low-
experiment P 40-55 keV tested low-keV PCD-CT narrows gap to  keV recon may offset IQ gap
1%-6% in smaller pts
PCD-CT provides accurate,
IntJ Phantom + Flash and sequence ICC > 0.99 in phantom, >0.98 repeatable calcium
20.Wang Cardiovasc ilot patient 12 pts + CACS modes; 90/120/140 in pts; RMSE of 5.4-11.5; dose scoring with up to 75%
etal.”' 2024 Imaain P stEd phantom kV and Sn100/140 kV;  decreased by16%-75% (flash); no dose reduction; flash
9ing. Y recon at 70 keV CACS category change Sn100/90/120 kV 1Q20
advised
Standard (0.4/0.6 mm, Best CNR 2.5.8 +4.1at0.6 mm Tailoring slice-thickness,
Frogmeaie Bv40/Bv44, QIR of 0-4) Bv40 QIR4; worst was 8.3 + 1.6 kernel and QIR leverages
21. Vattay . ! at 0.4 mm Bv44 QIR0 (P < 0.001); PCD-CT to maximize CCTA
etal2°2024 Sl FIteliee 45pts LR 2O highest subjective 1Q on Bv44 quality—UHR is feasible
’ comparison Bv44/Bv56, QIR 0-4)

PCD-CT

QIR3/4 (std) and Bv56 QIR4 0.2
mm (UHR)

without sacrificing distal
vessel detail
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Table 1. Continued

Author Journal Study design Cohort Imaging Results Conclusion
On-site ACT-FFR with
Single-center DU el (D ACT-FFR: PPV of 66.7%, NPV of FED=CIRlELD ik
22. Ayx . CT CCTA; ACT-FFR hemodynamically
A Eur J Radiol. PCD-CT CT- 28 pts 100%, accuracy of 74%; could L
et al.¢ 2025 (-1.8/+1.8 cm) . . significant stenoses and
FFR vs. ICA have avoided ICA in 39%
threshold of >0.06 may reduce unnecessary
catheterization
Non-UHR PCD-CT: Patient-level: sensitivity of 97%, Deep-learning on routine-
23. Brendel Diagn Interv  Retrospective 140 bts DL models CorEx ar'1 d specificity of 82%, NPV of 99%, res PCD-CT detects > 50%
etal 2025 Imaging. Al vs. expert P ) AUC of 0.90; vessel-level AUC of CAD with near-expert
Spimed-Al
0.92 accuracy
. o ) ) o
Prgspectlve UHR spectral PCD-CT Msan e.rror qf.6.A: PCD CfT vs. UHR .SPfCD CT quantifies
24. Fahrni paired CCTA 26 pts at very CCTA plus standard CT, 12% CT; sensitivity/specificity. stenosis far more accurately
- Invest Radiol.  study against high risk (26 ! 100%/90% vs. 75%/50%; 38% than conventional CT,
et al.”22025 ) ’ both < 3 days before . s o -
invasive stenoses) lesions reclassified by PCD-CT vs.  reclassifying CAD severity in
. ICA
angiography 4% by CT > 15 cases
UHR 40 keV PCD-CT VMIs
X Overall IQ score of 5vs. 4 (P <
25. Fahrni Eur Radiol :irrZZpSEEYET 26 high-risk pts PCD-CT in UHR mode;  0.001); stenosis bias of -1% vs. -6% 2\:]t§rerifeosrmhIIDiEC'l;s;:>oetrh
et al.’22025 : P 9 P 40 vs. 70 keV VMIs DECT; blooming unchanged (+2% gles, g 9 PET,
vs. DECT more consistent coronary
vs. +7% DECT) .
stenosis measurements
PCD-CT recon: TNC at JE w2l across e VNC CACS shows excellent
. Kk of 0.94 for thin-slice TNC vs.
26. Kaldas JClin Med Cross-sectional 77 bts 3x3and3x1.5mm, 0.83-0.85 for VNC: slice/recon agreement but needs
etal.»2025 ’ TNC vs. VNC P VNCat 3 x3and3x e ! adjusted cut-offs; 1.5 slices
choices altered mean scores and A
1.5 mm . e minimize category errors
mis-classification rate
UHR (0.2 mm) Median luminal diff. of 3% (UHR) UHR PCD-CTA closely
. JACC . » vs. 6% (SR, P < 0.001); per-vessel matches 3D QCA and
27. Kotronias . Prospective ICA- 100 pts/257 and multi-energy
¥ Cardiovasc . - AUC of 0.99 vs. 0.94 (A0.05, P = outperforms standard
etal." 2025 . validated vessels standard-resolution S
Imaging. 0.01); k of 0.90 vs. 0.63 for CAD- ~ PCD-CT, especially in severe
PCD-CTA vs. 3D QCA L
RADS calcification
. o PCD-CT CCTA increases
(V) 0%
. Retrospectlve 7.833 pts (3.876 Routine CCTA on S PGl el avE CRL B specificity/PPV and
28. Sakai JAm Coll device- P 83.3% vs. 63%; accuracy of 97.2%
- ; . CD-CT vs. NAEOTOM Alpha PCD- . reduces unnecessary
etal.” 2025 Cardiol. comparative 3.957 EID) CT scanner vs. 92.8%; ICA referral of 9.9% vs. catheterization while
cohort ’ 13.1%; revasc. of 43.4% vs. 35.5% - o
guiding revascularization
. ECG-gated non- CAC, AVC, MAC smaller at 66 ms Higher temporal resolution
X IntJ Retrospective (66 ms) on PCD-CT
29. Sartoretti Cardiovasc temporal- 70 bts contrast PCD-CT; (P < 0.001); CAC category re-class curbs motion blur and
etal?2025 . P P reconstructions of 66 in 4%; blur artifacts decrease at .
Imaging. resolution study prevents calcium-score
vs. 125 ms 66 ms X .
overestimation
55 coronary Projected decrease by 18.9% in
30, Vecsey- J Cardiovasc Monte lesions downstream functional tests, 6% UHR PCD-CT CCTA saves
’ 4 Carlo cost- (diagnostic UHR PCD-CT CCTA decrease in ICAs, 9.4% decrease in  costs by reducing follow-up
Nagy Comput focti d . . lications: . d licati .
ot 2312025 Tomogr. effectiveness ataset); (UHR) vs. EID-CT major complications; cost saving tests and complications in
. ’ model simulated = USD 795/patient, USD 11.9 M stable chest pain evaluation
15.000 pts overall
X Sensitivity of 96%-100%, ~ ~
Quant Prospective Low-dose chest PCD-  specificity of 100%; ICC of 0.983— EELTe o6 Lol QI.R1
31.Zhao . low-dose vs. . PCD-CT chest scan delivers
- Imaging 105 pts CT;3and 1.5 mm; 0.993; dose reduction of 56% . -
etal.'® 2025 standard CAC- accurate CACS while halving
Med Surg. cT QIR0-4 (1.0 vs. 2.3 mGy, P < 0.001); best radiation

agreement at LD 1.5 mm-QIR1

PCD-CT, photon-counting computed tomography; UHR, ultra-high resolution; HR, high resolution; VMIs, virtual monoenergetic images; DECT, dual-energy computed tomography;
CCTA, coronary computed tomography angiography; ECG, electrocardiogram; AUC, area under the curve; pts, patients; PCAT, pericoronary adipose tissue; LCA, left coronary artery;
RCA, right coronary artery; VMI, virtual monoenergetic imaging; EID-CT, energy-integrating detector computed tomography; CNR, contrast-to-noise ratio; BMI, body mass index; CTDI,
computed tomography dose index; mGy, milligray; CAD-RADS, coronary artery disease reporting and data system; ME, multi-energy; HRV, heart rate variability; kVp, kilovolt peak;

CP, calcified plaque; LAP, low-attenuation plaque; HU, Hounsfield unit; T3D, three-dimensional threshold-based segmentation; VNI, virtual non-iodine; CAC, coronary artery calcium;
TNC, true non-contrast; CTDIvol, computed tomography dose index volume; DLP, dose-length product; mSy, millisievert; IQ, image quality; CM, contrast media; EAT, epicardial adipose
tissue; ICC, intraclass correlation coefficient; Cl, confidence interval; CACS, coronary artery calcium scoring; RMSE, root mean square error; ICA, invasive coronary angiography; FFR,
fractional flow reserve; ACT-FFR, change in computed tomography fractional flow reserve; PPV, positive predictive value; NPV, negative predictive value; DL, deep learning; AVC, aortic
valve calcium; MAC, mitral annular calcium; ms, millisecond; LD, low dose; QIR, quantum iterative reconstruction; 3D QCA, three-dimensional quantitative coronary angiography;
revasc., revascularization.
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Low-dose protocols achieved diagnos-
tic image quality at a CTDIvol of 1.72 mGy
(DLP:29.1 mGy-cm; effective dose:0.41 mSv),
with >95% of segments rated diagnostic.
A prospective comparison for calcium scor-
ing showed a 56% dose reduction (1.0 vs. 2.3
mGy) with 1.5-mm slices and low-strength it-
erative reconstruction.’® Contrast-saving pro-
tocols delivered diagnostic CCTA with 30 mL
of iodinated agent using 50-keV reconstruc-
tions,"” and preserved image quality after
40% contrast reduction using 45-keV recon-
structions.’® Kernel and iterative-reconstruc-
tion optimization maintained a coronary
CNR with finer matrices.'®?° An energy-sweep
analysis (40-180 keV) documented system-
atic shifts in quantified plaque components
across keV levels.”

Virtual non-contrast (VNC) approaches
for calcium scoring showed high agree-
ment with true non-contrast (TNC) scans
[intraclass correlation coefficient (ICC): 0.98;
kappa (k): 0.88] and contributed to dose re-
duction.?? Additional evaluations reported
risk-category misclassification for low-den-
sity calcium,??* with improved agreement
using thin-slice reconstructions and higher
tube potentials.?

Functional and data-driven analyses in-
cluded on-site CT fractional flow reserve
(FFR) with 100% negative-predictive value
and a projected reduction of invasive an-
giography in 39% of cases,*® deep-learning
stenosis detection with a vessel-level AUC
of 0.92, and radiomics of pericoronary adi-
pose tissue and plaque texture differentiat-
ing hypercholesterolemia and coronary dis-
ease status.?®3°

A Monte Carlo economic model estimat-
ed reductions in downstream functional
testing (18.9%), invasive angiography (6.0%),
and major complications (9.4%), with an ap-
proximate cost saving of USD 800 per patient
in stable chest pain pathways.*'

Figure 2 presents the CCTA of a patient
with a stent in the left anterior descending
artery obtained with PCD-CT in our center.

Myocardial tissue characterization

Four clinical studies evaluated PCD-CT
against cardiovascular magnetic resonance
imaging (MRI) for late iodine enhancement
(LIE) and/or extracellular volume (ECV) map-
ping (Table 2). In this review, LIE denotes CT-
based delayed-phase iodine-related myo-
cardial hyperenhancement acquired 5-10
minutes after iodinated contrast and quanti-
fied on iodine maps/VMls; it is analogous to
-but distinct from- cardiovascular magnetic
resonance (CMR) late gadolinium enhance-
ment (LGE).

In a diagnostic accuracy study of 27 pa-
tients (459 myocardial segments), Trema-
munno et al.> used dual-source PCD-CT with
electrocardiogram (ECG)-triggered sequen-
tial acquisition 5 minutes post-contrast (120
kVp; 144 x 0.4 mm collimation; iodine maps
reconstructed with Qr40 and iterative recon-
struction). For two readers, per-patient sen-
sitivity was 100% and 91.7%, specificity was
73.3% and 80.0%, and accuracy was 85.2%.
Per-segment sensitivity was 74.7% and
66.7%, specificity was 94.9% and 96.4%, and
accuracy was 91%. Inter-reader agreement
was K = 0.70 at the patient level and k = 0.63
at the segment level *?

In a prospective series of 17 patients (24
CT/MRI pairs), Klambauer et al.3 performed
spectral dual-source PCD-CT with a 5-minute
delayed LIE and atlas-based ECV mapping.
Agreement with LGE-MRI was k = 0.832 in the
acute setting; agreement with combined LGE
+ edema was k=0.944; and at 3-month fol-
low-up, k=0.956.%

In 30 patients with systemic amyloidosis,
Popp et al** used first-generation PCD-CT
with CCTA and a delayed phase. Global ECV
was 42.93% + 10.14% (CMR), 42.51% + 9.07%
[single energy (SE)], and 40.69% =+ 9.24% [dual
energy (DE)]. Compared with CMR, SE showed
a mean difference of 0.43% [95% confidence
interval (Cl): -1.83 to 2.68], whereas DE was
-2.24% (95% Cl: -4.42 to -0.06); DE vs. SE was
-1.82% (95% Cl: -2.70 to -0.94). Bland-Altman
analysis: the mean bias for DE vs. CMR was
-2.28% (limits of agreement: -11.16 to 6.59);
for SE vs. CMR, it was -0.42% (-9.77 to 8.92);
and for DE vs. SE, it was -1.82% (-5.46 to 1.83).
Both CT approaches correlated strongly with
CMR (r: 0.892 for DE; r: 0.882 for SE).>*

In a retrospective CT-MRI comparison of
32 patients with acute myocarditis, Gkizas et
al* reported a DLP of 96 + 32 mGy-cm. The
global ECV on PCD-CT was 29.4% + 4.5% and
30.0% + 4.1% on CMR (P = 0.69); correlation
with LGE was r: 0.82, and the AUC for seg-
ment-level inflammation was 0.95 at a 26.9%
threshold.®

Structural heart and valvular assessment

Six clinical studies (Table 3) assessed PCD-
CT across components of transcatheter aortic
valve replacement/implementation (TAVR/

TAVI) evaluation, including access planning,
annulus sizing, valve-calcium quantification,
and concomitant coronary assessment.

Figure 2. A 53-year-old male patient with a stent in the left anterior descending artery. Coronary computed tomography (CT) angiography was performed using
a prospective ultra-high-resolution-mode electrocardiogram-triggered sequential acquisition, with 70 mL of iodinated contrast and a dose-length product of
604 mGy-cm. Three reconstructions are shown: cinematic volume-rendered image (a), curved planar reformation (b), and cross-sectional vessel analysis (c), all
reconstructed at 0.2-mm slice thickness using a Bv72 kernel. Photon-counting CT enables high-resolution in-stent lumen visualization, clearly demonstrating stent

patency.
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Table 2. Photon-counting CT studies related to myocardial tissue characterization

Author Journal Study design Cohort Imaging Results Conclusion
L Global ECV PCD-CT of - .
. [ Retrospective Ll 29.4% + 4.5% vs. MRI of R CIrmee e B
1. Gkizas et al. Diagn Interv enhancement PCD-CT quantifies acute myocarditis
. CT-MRI 32 pts 30.0% *+ 4.1% (P = 0.69); r:
2025 Imaging. . (DL product: 96 + 32 . accurately at a low dose,
comparison mGy-cm); ECV maps 0.82 with LGE; AUC of 0.95 matching MRI
bAEnlE P at a 26.9% threshold 9
2. Klambauer Prospective CT— 17 pts (24 Spectral dual-source Acute k: 0.832 (CT vs.LGE ~ PCD-CT late-enhancement closely
ei al32025 Invest Radiol. MRI ?om arison CT/MRI PCD-CT LE (5 min MRI), k: 0.944 vs. LGE + matches MRI for SCAD, aided by
’ P pairs) delay); atlas-map ECV  edema; follow-up k: 0.956 novel atlas ECV maps
Cohort First-gen PCD-CT diff:fe_ztchrgcn-}rng/ler(];tean PCD-CT simultaneously
- . 30 pts CCTA + delayed . quantifies myocardial ECV (in
3. Popp et al. ] comparison . . diff: 0.43, P = 1.00); DE- . .
Invest Radiol. . cardiac phase; single-energy . tight agreement with CMR)
2025 with CMR L PCD-CT slightly lower . -
amyloidosis  vs. dual-energy ECV and extensive CAD burden in
reference methods (-2.24, P=0.04); both r = amyloidosis
0.89 vs. CMR 4
B Per-patient: sens of
R:r:;?szszt;\;e S‘: 52i;lt:|g(ger;?: 100%/91.7%, spec of PCD-CT iodine maps deliver
Y315 O 27 pts and q 73.3%/80.0%, acc of high accuracy and substantial
prospective post-contrast); 120
4. Tremamunno ) 459 ! 85.2% - Per-segment: sens agreement for detecting
Eur Radiol. cohort; kVp, 144 x 0.4-mm
etal322025 dia nost’ic— myocardial coIIi'mation~ iodine of 74.7%/66.7%, spec myocardial late enhancement,
accurgac stud segments maps recon;tructed of 94.9%/96.4%, acc of suggesting a viable alternative
Vs LGI)EI—MRI Y witph Qr40 kernel + 91% - Inter-reader k: 0.70 when MRl is contraindicated

iterative recon

(patient), 0.63 (segment)

CT, computed tomography; MRI, magnetic resonance imaging; pts, patients; PCD-CT, photon-counting detector computed tomography; DL, dose-length; mGy-cm, milligray—
centimeter; ECV, extracellular volume; LGE, late gadolinium enhancement; AUC, area under the curve; LE, late enhancement; k, kappa coefficient; SCAD, spontaneous coronary
artery dissection; CMR, cardiovascular magnetic resonance; SE-PCD-CT, single-energy photon-counting computed tomography; DE-PCD-CT, dual-energy photon-counting
computed tomography; CCTA, coronary computed tomography angiography; r, correlation coefficient; acc, accuracy; spec, specificity; sens, sensitivity; kVp, kilovolt peak; mm,
millimeter; Qr, quantum reconstruction.

Table 3. Photon-counting CT studies related to structural heart and valvular diseases

Author Journal Study Design Cohort Imaging Results Conclusion
Retrospective Dual-source HEEI =0 BT
. P ! 96.0%, spec of 68.7%, AUC Al-derived FFR on PCD-CT
. single-center, PCD-CT CCTA, Al . .
1. Brendel et Diagn Interv . . of 0.82; FFR < 0.8: sens of outperforms diameter stenosis,
m . paired PC-CCTA 260 pts stenosis (CorEx) L . .
al.*2024 Imaging. . . 96.8%, spec of 87.3%, AUC reducing invasive angiography
+FFRvs.ICAin and FFR (Spimed- : . ]
L R Al of 0.92; FFR could avoid ICA during TAVR assessment
in 46.5% vs. 37.3%
SNR of 33 £ 10.5 vs. 47.3 +
16.4; CNR of 47.3 + 14.8 vs.
. Aorto-ilio-femoral  59.3 +21.9 (PCD-CT < DSCT, Despite lower raw SNR/CNR,
i Retrospective 300 pts (202 5 . :
2. Dirrichs et Acad Radiol comparative PCD-CT. 100 contrast CT for P < 0.001), yet visual quality PCD-CT markedly improves
al.3%2024 . c:hort DSC'II') TAVI; PCD-CT vs. of 4.8 vs. 3.3 (P < 0.001); subjective quality and halves
dual-source EID-CT  suitability of 99% vs. 85%; radiation for TAVI planning
eRD of 8.8 +4.5vs. 153 +
5.8 mSv
Retrospective ECG-gated cardiac S/ VNI PCD-CT accurately scores
. . 123 pts (56 69%/100%/85% . e
3. Feldle et al.>® SciRe diagnostic- with AV PCD-CT; 70 keV (prospective gating); r: aortic-valve calcification,
2024 P accuracy study o VNI vs. 70 keV TNC prosp gating); r: suggesting TNC can be omitted
calcification) 0.983-0.986 with TNC (P < . e
VNI vs. TNC reference 0.001) in AV calcification work-up
Retrospective Dual-source Dz:sevo(ilf-:PZS.? gL:\:E:::Ié1 Both PCD-CT modes give reliable
38 IntJ rosp PCD-CT: UHR-CTA . ' aortic-annulus sizing; HPS halves
4. Hagar et al. . paired-scan median of 4 vs. 3 (P < 0.001); . X X
2024 Cardiovasc ——— 64 pts (120 X 0.2 mm) vs. Y the dose but inferior IQ may mis-
Imaging. (pre-TAVR) high-pitch spiral 0.857): 91% identical valve size valves when image quality
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Table 3. Continued

Author Journal Study Design Cohort Imaging Results Conclusion
Dualsource PCD- bt AUC:HR0f0.57, UM~ Low-kV adjusted UHR PCD-
IntJ Pre-TAVI HR vs. CT:HR of 120 kV, -
5.Sharma et . . of 0.80, adj-UHR of 0.80; per- CT boosts vessel-level CAD
- Cardiovasc ~ UHR vs. adj-UHR 60 pts UHR of 120 kV, ) . .
al#12024 Imaain PCD-CT vs, QCA adi-UHR of 90 KV/ vessel AUC of 0.73,0.69,0.87  detection during TAVI planning
9ing. : ) 1065 (UHR vs. adj-UHR P = 0.04) without extra dose
. . Strong correlation with spiral
. Prospective ECG- 0 High-pitch PCD- 1 (¢ £ 0.94;P > 0.09); CTDIof  ECG-gated high-pitch PCD-CT
6.Yang et al. . . . prospective+  CT ECG-gated ) .
EurJRadiol.  gated high-pitch 4.52vs.24.10 mGy (P < 0.001);  accurately sizes aortic annulus
2024 30 matched (30% R-R); X . N .
vs. reference . systolic capture of 90% vs. while slashing dose five-fold
controls annulus sizing

50%

PCD-CT, photon-counting computed tomography; PC-CCTA, photon-counting coronary computed tomography angiography; FFR, fractional flow reserve; ICA, invasive coronary
angiography; TAVR, transcatheter aortic valve replacement; Al, artificial intelligence; CCTA, coronary computed tomography angiography; DSCT, dual-source computed
tomography; CT, computed tomography; TAVI, transcatheter aortic valve implantation; EID-CT, energy-integrating detector computed tomography; SNR, signal-to-noise

ratio; CNR, contrast-to-noise ratio; eRD, effective radiation dose; mSv, millisievert; VNI, virtual non-iodine; TNC, true non-contrast; AV, aortic valve; ECG, electrocardiogram; keV,
kiloelectronvolt; UHR, ultra-high resolution; mm, millimeter; HPS, high-pitch spiral; IQ, image quality; AAA, aortic annulus area; %, coefficient of determination; HR, high resolution;
adj-UHR, adjusted ultra-high resolution; QCA, quantitative coronary angiography; kV, kilovolt; IQ65, image quality index 65; R-R, R-R interval (cardiac cycle); CTDI, computed

tomography dose index.

In a retrospective comparative cohort of
300 patients (202 PCD-CT; 100 dual-source
EID-CT), Dirrichs et al.*® performed aorto-il-
io-femoral contrast CT for TAVI. The SNR was
33 £ 10.5 vs. 47.3 £ 16.4, and the CNR was
47.3 + 14.8 vs. 59.3 £ 21.9 (both P < 0.001).
The visual image-quality scores were 4.8 vs.
3.3 (P < 0.001), suitability for TAVI planning
was 99% vs. 85%, and the effective radiation
dose was 8.8 £ 4.5 vs. 15.3 £ 5.8 mSv.*

In a prospective study with 30 patients
(plus 30 matched controls), Yang et al.*” im-
plemented ECG-gated high-pitch PCD-CT at
30% R-R for annulus sizing. Correlation with
spiral CT was strong (r = 0.94). Mean paired
differences (bias) with 95% Cls between
high-pitch PCD-CT and spiral CT were 0.16
mm (-0.10, 0.42) for mean diameter, 0.22 mm
(-0.70, 1.13) for the perimeter, and 5.35 mm?
(-22.02, 32.72) for the annular area; Bland-Al-
tman plots showed minimal bias. Additional-
ly, CTDI was 4.52 vs. 24.10 mGy (P < 0.001);
systolic capture occurred in 90% vs. 50%.%”

In a paired-scan comparison of 64 pre-
TAVR candidates, Hagar et al® compared
UHR PCD-CT CTA (120 x 0.2 mm) with high-
pitch spiral CTA (144 x 0.4 mm). The effective
dose was 12.6 (UHR) vs. 4.1 mSv (high pitch);
annulus image-quality scores were median 4
vs. 3 (P < 0.001). Area-derived annulus mea-
surements were highly correlated (r: 0.857),
and prosthesis size selection was identical in
91% of patients; the distribution of +1 size
and >+2 sizes was not reported in the pa-
per.3®

In 123 patients (56 with aortic-valve calci-
fication), Feldle et al.* evaluated ECG-gated
cardiac PCD-CT with 70 keV virtual non-io-
dine (VNI) images against 70 keV TNC. Sen-
sitivity, specificity, and accuracy were 69%,
100%, and 85%, respectively, under prospec-

tive gating. Correlation between VNI-derived
and TNC Agatston scores was r: 0.983-0.986
(P<0.001).%

In a retrospective single-center cohort
of 260 patients during TAVR workup, Bren-
del et al.* performed dual-source PCD-CT
CCTA with artificial intelligence (Al) stenosis
quantification (CorEx) and Al-derived FFR
(Spimed-Al), both referenced to ICA. For
>50% stenosis, sensitivity was 96.0%, spec-
ificity was 68.7%, and the AUC was 0.82. For
FFR < 0.80, sensitivity was 96.8%, specificity
was 87.3%, and the AUC was 0.92. Decision
analysis indicated that 46.5% vs. 37.3% of
cases were classified as not requiring ICA
with Al-based FFR vs. diameter-based ste-
nosis.*

During TAVI planning in 60 patients, Shar-
ma et al.*! compared HR (120 kV), UHR (120
kV), and adjusted UHR (90 kV, 1Q65) PCD-CT
protocols against quantitative coronary an-
giography. Per-patient AUCs were 0.57 (HR),
0.80 (UHR), and 0.80 (adjusted UHR); per-ves-
sel AUCs were 0.73, 0.69, and 0.87, respec-
tively (UHR vs. adjusted UHR, P = 0.04).#!

Figure 3 presents the PCD-CT angiogra-
phy for a patient undergoing evaluation for
TAVR.

Pulmonary and cardio-pulmonary func-
tional imaging

Four clinical studies (Table 4; n = 447 pa-
tients) evaluated PCD-CT for pulmonary and
cardiopulmonary functional assessment.
Scharm et al.*? acquired contrast-enhanced
inspiratory PCD-CT and expiratory PCD-CT

Figure 3. Photon-counting detector computed tomography angiography in a 78-year-old male patient
undergoing evaluation for transcatheter aortic valve replacement. The scan was acquired using a
retrospective low-pitch electrocardiogram-triggered protocol with 75 mL of iodinated contrast medium,
a dose-length product of 1.928 mGy-cm, and a standard 0.4-mm slice thickness. Panel (a) shows an image
reconstructed at 30% of the R-R interval, capturing the aortic valve in systole—the optimal phase for
annular sizing. Panel (b) demonstrates quantitative measurements of the aortic annulus, including diameter,
perimeter, and area, used to guide prosthesis selection.
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5 minutes later in 166 patients, producing
technically successful functional maps in
84.7% of patients; mean enhancement val-
ues were 325 HU for the pulmonary trunk,
260 HU for the left atrium, and 252 HU for the
aorta, with per-phase dose indices of approx-
imately CTDI: 3 mGy and DLP: 110 mGy-cm.

Kerber et al.*® performed a retrospective
comparison in 26 patients who received
both PCD-CT iodine maps and single photon
emission computed tomography (SPECT)/CT
for suspected or known chronic thrombo-
embolic pulmonary hypertension (CTEPH).
Using multidisciplinary clinical diagnosis
as the reference standard and per-patient
CTEPH classification, two blinded PCD-CT
readers achieved accuracies of 0.85 (95% Cl:
0.66-0.94) and 0.88 (0.71-0.96), with sensitiv-
ities of 0.90 (0.60-0.98) and 0.90 (0.60-0.98)
and specificities of 0.81 (0.57-0.93) and 0.88
(0.65-0.97). The SPECT/CT consensus had
an accuracy of 0.73 (0.54-0.86), sensitivity
of 0.80 (0.49-0.94), and specificity of 0.69
(0.44-0.86), and between-modality differ-
ences were not significant (P > 0.688). The
lobar-level perfusion-defect extent on PCD-
CT showed moderate correlations with right-
heart catheter measures, and the dose was
markedly lower with PCD-CT (1.19 + 0.33
mSv) than with SPECT/CT (6.34 + 1.68 mSv).*

Saeed et al.** conducted a retrospective
dose-reduction series of 105 patients under-
going high-pitch fast low-angle shot PCD-CT

pulmonary CTA with 35, 45, or 60 mL of con-
trast. Subjective image quality was 4.6 vs. 4.1
for 35 vs. 60 mL (P < 0.001), pulmonary-trunk
attenuation was 320-347 HU, and all seg-
mental arteries were assessable.*

Yalon et al.** performed an evaluation of
a three-arm comparative cohort (n = 150) of
multi-energy high-pitch PCD-CT pulmonary
CTA compared with high-pitch and routine
dual-source DE-CT, reporting a CTDIvol of
8.1 vs. 9.6/16.2 mGy and a CNR (P < 0.001),
a subjective artery-contrast score of 4.7/5 vs.
4.4/5 and 4.3/5, and fewer motion artifacts
with PCD-CT.

Figure 4 illustrates the use of PCD-CT per-
fusion maps in a patient with a segmental
pulmonary embolism.

Aortic, visceral, and peripheral arterial dis-
ease

Fourteen clinical studies (Table 5; n = 851
patients) evaluated PCD-CT across the thora-
coabdominal aorta, renal-visceral branches,
and lower-extremity run-off.

Euler et al.” performed an intra-individual
comparison (n = 40) at a matched dose us-
ing high-pitch PCD-CT with 40-55 keV VMls
and reported a CNR of 22 + 7 at 40 keV vs.
17 = 8 on EID-CT, with the greatest CNR gain
in patients who were overweight; subjective
noise increased at 40-45 keV, whereas over-
all image quality was similar.

Dillinger et al.* prospectively evaluated
arterial-phase PCD-CT of the abdomen (n =
20) with VMI reconstructions from 40-190
keV: a cohort CTDIvol of 7.90 + 3.92 mGy, a
DLP of 330.6 £ 198.5 mGy-cm, and an effec-
tive dose of 4.92 + 2.97 mSv (Radimetrics
v3.4, ICRP-103 Monte Carlo; verification with
k-factors of 0.015 for the abdomen and 0.014
for the chest). The CNR peaked at 60 keV and
the SNR at 70 keV (no significant difference
vs. 60 keV, P = 0.294), and subjective image
quality was rated optimal at 70 keV. Acquisi-
tion and reconstruction settings were auto-
matic 100-120 kVp, a pitch of 0.80, and 1-mm
VMl in Qr40.%

Hennes et al.¥’ conducted an intra-indi-
vidual comparison (n = 57) of ECG-triggered,
high-pitch aortic CTA using PCD-CT [120
kVp; 144 x 0.4 mm; VMI 55 keV; kernel Bv36,
quantum iterative reconstruction 3 (QIR-3)]
and EID-CT with automatic tube voltage se-
lection (ATVS) at 90/100 kVp [effective colli-
mation: 192 x 0.6 mm; Bv36, advanced mod-
eled iterative reconstruction 3 (ADMIRE-3)].
The CTDIvol was 3.95 + 0.54 (PCD-CT) vs.
4.97 £ 0.57 mGy (EID-CT) (P < 0.001), and the
SSDE was 4.88 + 0.48 vs. 6.28 + 0.50 mGy (P
< 0.001); the DLP and effective dose were not
reported. The CNR was 41.11 + 8.68 vs. 27.05
+ 6.73 (P < 0.001), with higher overall image
quality and luminal contrast on PCD-CT; ves-
sel sharpness was similar, whereas blooming
and beam hardening were less pronounced
on EID-CT.#

Table 4. Photon-counting CT studies related to pulmonary and cardio-pulmonary functional imaging

Author Journal Study design Cohort Imaging Results Conclusion
84.7% success; mean HU
166 pts (166 Contrast- of the pulmonary trunk Two-phase PCD-CT permits
. . p enhanced 325, LA 260, Ao 252; DLP = simultaneous morphology,
1.Scharm et ) Retrospective inspiratory N - .
e Radiology. . - inspiratory PCD- 110 mGy-cm/phase; CTDI ventilation and perfusion
al#22023 observational + expiratory . . . .
scans) CT, expiratory =~ 3 mGy; all functional mapping at reference-level
PCD-CT 5 min later metrics differed between 6 dose
subgroups (P < 0.05)
Subjective quality of 4.6 vs.
Retrospective 105 pts A 4.1 (35vs.60mL, P<0.001); Diagnostic CTPA achievable
Zimedl g Acad Radiol. dose-reduction (35/45/60 g gl (AT trunk HU of up to 320-347 with 35 mL contrast on PCD-
al*2024 . PCD-CT CTPA . . .
series mL CM) (ns); all segmental arteries CT without quality loss
assessable
Three-arm CTDlvol of 8.1 mGy vs. High-pitch PCD-CT pulmonary
. . comparative High-pitch multi- 9.6/16.2; highest CT number  CTA delivers superior contrast,
26?:“ sl ;_()C;Zprumss,sr cohort (PCD-CT 150 pts energy PCD-CT & CNR (P < 0.001); subjective  fewer artifacts, and lower dose
gr vs. high-pitch and pulmonary CTA artery contrast of 4.7 vs. than conventional dual-source
routine DECT) 4.4/4.3; fewer motion artifacts protocols
Lung-perfusion éc;;é?l'syszgglﬁ\sn/to ii \6598353 PCD-CT iodine maps detect
4. Kerber et Invest Radiol. Retrospective 26 bts PCD-CT iodine 0.80: s écificit ofyO 81/6 38 * CTEPH as accurately as SPECT
al.$2025 ’ comparative P maps (mean dose Sy y oro. ’ at one-fifth the dose and

=1.19£0.33 mSv)

vs. 0.69; dose reduced to
=5X vs. SPECT

correlate with hemodynamics

PCD-CT, photon-counting computed tomography; HU, Hounsfield unit; LA, left atrium; Ao, aorta; DLP, dose-length product; mGy-cm, milligray-centimeter; CTDI, computed
tomography dose index; CM, contrast media; FLASH, fast low-angle shot; CTPA, computed tomography pulmonary angiography; ns, not significant; CTA, computed tomography
angiography; CTDIvol, computed tomography dose index volume; CNR, contrast-to-noise ratio; DECT, dual-energy computed tomography; mSy,millisievert; SPECT, single photon
emission computed tomography; CTEPH, chronic thromboembolic pulmonary hypertension.
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Figure 4. A 35-year-old male patient presenting with shortness of breath underwent pulmonary computed tomography (CT) angiography using photon-counting
CT with 50 mL of iodinated contrast medium, a dose-length product of 256 mGy-cm, and a standard 0.4-mm slice thickness. The axial maximum intensity projection
image (a) demonstrates an acute pulmonary embolismin the lateral segmental branch of the left lower lobe pulmonary artery (arrow). The corresponding axial image
in the parenchymal window (b) shows increased attenuation in the left lower lobe lateral segment, compatible with pulmonary infarction. The iodine perfusion map
(c), derived from pulmonary blood volume imaging, reveals a perfusion defect in the same segment. lodine quantification was achieved by comparing attenuation
on contrast-enhanced images with the respective virtual non-contrast reconstructions.

Table 5. Photon-counting CT studies related to aortic, visceral, and peripheral arterial diseases

Author Journal Study design Cohort Imaging Results Conclusion
High-pitch PCD-CT S'\;R(;ff)?&; (4;:6\2;’;;7 High-pitch PCD-CT aortic CTA
1.Euler et al7 Intra-individual at 120 kV; VMI ;\ ts WI"lO aregc>ver\?vei ht with 40-45 keV VMI boosts
) : Invest Radiol. (same-patient) 40 pts of 40-55 keV; p L ; 9 CNR vs. matched-dose EID-CT,
2022 R (+34%); subjective noise X R .
comparison matched dose to . especially in patients who are
increased at 40-45 keV, .
EID-CT L overweight
overall quality similar
- Prospective Arterial-phase ezl T A et el S 60-70 keV VMIs optimize
2. Dillinger et , X . at 70 keV (ns vs. 60 keV P = X
. Diagnostics. single-arm 20 pts PCD-CT; VMIs of . . abdominal-vessel contrast
al.* 2023 X 0.294); best subjective quality . . .
observational 40-110 keV and perceived image quality
at 70 keV
Two GLCM features
First-gen PCD-CT, (ClusterProminence, . . .
non-contrast; ClusterTendency) Periaortic adipose texture
3.Mundtetal?® BMCMed Retrospective L e U on PCD-CT correlates with
. L 55 pts descending- distinguished Agatston . o
2023 Imaging. radiomics . coronary calcium, hinting at
aorta adipose score of > 100 vs. 0; .
; . inflammatory changes
segmentation ClusterProminence most
stable (10-fold CV)
SSDE of 4.88 + 0.48 vs. 6.28 +

Intra-individual High-pitch PCD-CT  0.50 mGy (P < 0.001); CNRof ~ PCD-CT aortic CTA halves
4. Hennes et al.”” Diganostics PCD-CT vs 57 bts of 120 kVp, 55 keV ~ 41.1 £8.7vs.27.1 £ 6.7 (P< dose and boosts CNR versus
2023 9 ’ EID-CT ’ P mono-E; EID-CT of  0.001); superior overall IQ and  EID-CT, though blooming still

90/100 kVp luminal contrast on PCD-CT; favors EID
reduced blooming on EID
40 ots with SNR and CNR at 40-60 Low-keV VMI PCD-CT run-off
5. Riopel et al. Retrospective PCB—CT Ve Run-off CTA on keV exceeded EID; subjective  CTA delivers higher vessel
2623pp ’ Eur J Radiol. matched-cohort 40 bts ijl first-gen PCD-CT; image quality higher at low SNR/CNR than low-kVp EID
comparison EIDp VMI of 40-120 keV  keV and not different from without loss of perceived
EID quality
No sig. difference vs. EID in
Portal-venous hepatic HU, portal-vein HU, Portal-venous PCD-CT
6. Dane et al s G e .Retro.spe.ct.lve PCD-CT with 29 mL noise, SNR or CNR (zfll P> ma'mtams image q.uallty and
2024 Tomoar intra-individual 50 pts contrast reduction;  0.0016); image quality and lesion detection with 20 mL
gr: comparison 70 keV mono-E metastasis confidence similar; less contrast than weight-
recon K: 0.86 (PCD-CT) vs. 0.78 (EID)  based EID-CT
for metastasis detection
Qualitative 1Q, noise, small-

Retrospective Portal-venous structure delineation all PCD-CT-derived VNC images
7.Dane et al.*2 J Comput Assist  within-patient 74 pts PCD-CT VNC better on PCD-CT (P < 1x10%); outperform EI-DECT VNC for
2024 Tomogr. PCD-CT vs. EI- P compared with lower noise (P = 0.006), higher abdominal imaging without

DECT VNC prior EI-DECTVNC  CNR (P < 0.0001); dose of 9.2 increasing radiation dose

vs. 9.4 mGy (P = 0.06)
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Table 5. Continued

Author Journal Study design Cohort Imaging
Phantom + Lower-leg CTA
8. Graafen et al.*° prospective 20 pts + in- U
y ’ Eur Radiol Exp. . . 0.4 mm; kernels
2024 patient vitro tubes
. Qr36-76; QIR of
evaluation
2-4
ECG-gated
. Prospective high-pitch
48
g.()g:‘ppel Gicls J Er;_(,i:z\r/asc matched-cohort 50 pts thoracoabdominal
’ comparison PCD-CT; VMI of
40-120 keV
Same-day
Prospective infrapopliteal
53
;g‘z\f'm L AJR. intra-individual 32pts PCD-CTA (60 mL
comparison contrast) vs. EID-
CTA (140 mL)
Retrospective
1l GopReiel Eur J Radiol. FEACI LAl 25 + 25 pts (abzgzﬁ;i:l:rial
2025 ’ EICT abdominal P o
CTA P
. Retrospective 109 pts Lower-extremity
;IZ;Sng'zbses et EurJRadiol. ~ PCD-CTAvs.DSA  and 933 PCD-CTCTA +
’ gold standard segments pure-lumen recon
13.Ota et al5 Retrospective Abdominal PCD-CT
20‘25 ’ Radiol Med. biomarker study 200 pts angiography +
with VNCa maps VNCa subtraction
Pre-op PCD-
Retrospective SIS
14. Sala et al.>” . . . wall thickness
2025 Bioengineering. PC.D-CT VS. 14 pts measured
histology

radiologically and
pathologically

Results

Phantom: noise increased
with kernel sharpness
(16—77 HU); sharpness
plateau at Qr60; higher
QIR cut noise (51—25 HU)
without blurring. In vivo:
Qr60 + highest QIR gave best
overall quality

Doseof 42 +1.4vs. 7.2+
2.2 mGy (P < 0.001); SNR
increased at 40 and 70 keV;
CNRincreased at 40-45
keV; low-keV salvages low-
contrast scans

Fibular perforators: 6.4 +
3.2vs.42+24(P<0.001);
sharpness of 3.2+ 0.5 vs. 1.8 +
0.5 (P < 0.001); contrast dose
decreased by 60%

CTDlvol of 4.7 vs. 7.3 mGy; eff
dose of 3.4 vs. 6.5 mSv; higher
SNR/CNR (renal P = 0.043);
subjective 1Q increased (P <
0.0001)

PCD-CT: sens of 91%, spec of
95%, acc of 93%; k: 0.79-0.83

PCV AUC of 0.94 vs. ACV 0.90;
PCV cut-off at 14.8%-73%
sens/99% spec for high CVD
risk

pc-CT min/max of 1.05/1.69
mm vs. histology of 1.66/2.82
mm; Bland-Altman shows no
systematic bias (min of -0.61
mm; max of -1.1 mm)

Conclusion

Sharp kernel Qr60
combined with highest QIR
optimizes lower-leg PCD-CT

angiography quality

High-pitch PCD-CTA halves
radiation and boosts SNR/
CNR; low-keV VMI rescues

sub-optimal contrast studies

PCD-CTA improves
infrapopliteal vessel
visualization and sharpness
while halving contrast dose

UHR PCD-CT abdominal
CTA halves dose and boosts
image quality versus energy-

integrating CT

PCD-CT CTA shows high
accuracy for peripheral-artery
stenosis, matching DSA

PCD-CT-derived%-
calcification of abdominal
aorta is a strong imaging

biomarker for systemic CVD
risk

Preliminary evidence that
PCD-CT wall-thickness
measurements agree with
histology, supporting risk-
stratification beyond diameter

PCD-CT, photon-counting detector computed tomography; VMI, virtual monoenergetic imaging; EID-CT, energy-integrating detector computed tomography; CNR, contrast-
to-noise ratio; pts, patients; SNR, signal-to-noise ratio; ns, not significant; GLCM, gray level co-occurrence matrix; CV, coefficient of variation; kVp, kilovolt peak; mono-E,
monoenergetic; SSDE, size-specific dose estimate; 1Q, image quality; CTA, computed tomography angiography; HU, Hounsfield unit; VNG, virtual non-contrast; EI-DECT,
energy-integrating dual-energy computed tomography; QIR, quantum iterative reconstruction; Qr, quantum reconstruction; mGy, milligray; TNC, true non-contrast; ECG,
electrocardiogram; PCD-CTA, photon-counting detector computed tomography angiography; AJR, American Journal of Roentgenology; UHR, ultra-high resolution; EICT,
energy-integrating computed tomography; eff dose, effective dose; mSv, millisievert; acc, accuracy; spec, specificity; sens, sensitivity; DSA, digital subtraction angiography;
PCD-CTA, photon-counting computed tomography angiography; VNCa, virtual non-contrast calcium maps; PCV, percent calcified volume; ACV, absolute calcified volume; CVD,

cardiovascular disease; ATAA, ascending thoracic aortic aneurysm.

Rippel et al.®® (prospective matched-co-
hort, ECG-gated high-pitch thoracoabdomi-
nal CTA; n = 50) reported an exam-level CT-
Dlvol of 4.0 [interquartile range (IQR): 3.1-4.9]
vs. 6.5 mGy (5.5-9.7) and a DLP of 288 (207-
402) versus 466 mGy-cm (365-681) (both P
< 0.001). On PCD-CT, the SNR was higher at
40 and 70 keV VMls, and the CNR was higher
at 40-45 keV (each P < 0.001) than with EID-
CT, and low-keV VMIs salvaged low-contrast
studies (diagnostic acceptability 50% — 75%
at 40 keV). Acquisition and reconstruction:
PCD-CT at 120 kVp, 144 x 0.4-mm collima-
tion, 3.2 pitch, 0.25-s rotation time, Bv36 +
QIR-3; EID-CT with ATVS at 100/120/140 kVp,

123 x 0.6-mm collimation, 3.2 pitch, 0.28-s
rotation time, 126s + ADMIRE-3. The effective
dose was not reported.*®

In a retrospective matched run-off CTA
cohort (40 PCD-CT vs. 40 EID-CT), the ex-
am-level CTDIvol and DLP were 3.9 (IQR: 3.0-
7.6) vs. 3.5 mGy (2.4-5.7) (P = 0.024) and 499
(353-1060) versus 456 mGy-cm (268-753) (P
=0.029), respectively. The SNR on PCD-CT ex-
ceeded EID-CT for 40-70 keV VMIs, whereas
the CNR exceeded EID-CT at 40-45 keV (vs.
80 kVp EID) and 40-50 keV (vs. 100 kVp EID).
Subjective image quality was optimal at 40—
60 keV and not significantly different from
EID-CT overall. Acquisition and reconstruc-
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tion: PCD-CT at 120 kVp (QuantumPlus; 144
% 0.4-mm collimation, 0.8 pitch, Qr36 + QIR-
3, 1-mm slices, 512 x 512 matrix) with VMI
40-120 keV; EID-CT with ATVS at 80/100 kVp
(128 x 0.6 mm, 0.5 pitch, 126s + ADMIRE-3),
with identical slice thickness and matrix.*

An in vitro/in vivo study (n = 20) of low-
er-leg PCD-CT reconstructed at 0.4-mm iso-
tropic resolution found that a sharp quan-
titative kernel (Qr60) combined with the
highest QIR level (QIR-4) best reduced noise
without degrading edge definition, yielding
the highest qualitative scores. In vivo CTDIvol
at the lower-leg level was 2.51 mGy (IQR:
2.50-2.57); the DLP, SSDE, and effective dose
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were not reported. Acquisition/reconstruc-
tion: 120 kVp, CARE Dose4D (image-quality
index 145), VMI 55 keV, 512 x 512 matrix,
field of view of 205 x 205 mm, kernels Qr44/
Qr60/Qr72 with QIR-2/-3/-4; inter-reader reli-
ability was substantial overall (Krippendorff’s
a: 0.70-0.71) and excellent for noise (a: 0.84—
0.86).%°

In a portal-venous intra-individual com-
parison (n = 50), PCD-CT used 20 mL less
intravenous contrast than weight-based EID-
CT(90.9+£23.0vs. 111.0 £ 24.0 mL; P < 0.001)
and, at 70-keV VMlIs, showed no significant
differences in hepatic or portal-vein atten-
uation, noise, SNR, or CNR (all P > 0.0016),
with similar qualitative scores and metasta-
sis-detection confidence [odds ratios: 0.58
(95% CI: 0.33-1.01), 1.25(0.61-2.56),and 1.17
(0.54-2.52), respectively]. Exam-level dose
metrics were a CTDIvol of 9.4 + 4.0 vs. 11.1
+ 7.4 mGy (P = 0.005) and a DLP of 458.7 +
219.9vs.534.6 +391.7 mGy-cm (P=0.01); the
effective dose was not reported. Inter-read-
er agreement for metastasis identification
was K = 0.86 (95% Cl: 0.70-1.00) for PCD-CT
and 0.78 (0.59-0.98) for EID-CT. Acquisition/
reconstruction (fairness): PCD-CT at 120 kVp,
144 x 0.4 mm, CARE Dose4D/Care kV (IQ
145), 70-keV VMI, Br44; EID-CT at 120 kVp,
Br44; 4-mm axial and 3-mm coronal/sagittal
reconstructions.”’

In a within-patient comparison (n = 74)
of portal-venous VNC images, PCD-CT vs.
EID-CT showed an exam-level CTDIvol of 9.2
+ 3.5 vs. 9.4 + 9.0 mGy (P = 0.06) and a DLP
of 417.9 + 162.8 vs. 523.4 + 290.9 mGy-cm
(P =0.026) (32-cm phantom for both). Qual-
itatively, PCD-CT VNC had higher overall
image quality, lower perceived noise, better
small-structure delineation, improved noise
texture, and fewer artifacts (all P < 0.00001).
Quantitatively, PCD-CT VNC had lower atten-
uation (all P < 0.05), lower noise (P = 0.006),
and a higher CNR (P < 0.0001-0.04); the SNR
was lower for enhancing structures (reflect-
ing greater iodine removal) but higher in fat.
Acquisition/reconstruction (fairness): PCD-
CT 120 kV (QuantumPlus), 144 x 0.4 mm, 0.8
pitch, 0.5-s rotation, CARE Dose4D/CARE kV;
EI-DECT of 80-90/Sn150 kV, 0.6 pitch, 0.5-s
rotation; VNC recon at 4 mm (Br44) for both.>

For infrapopliteal evaluation, a same-day
intra-individual study (n = 32) used 60.0 +
11.0 mL contrast on PCD-CT vs. 139.6 + 11.8
mL on EID-CT and reported an exam-level
CTDlIvol of 6.6 + 2.2 vs. 4.6 + 3.0 mGy (DLP
and effective dose not reported). Acquisi-
tion/reconstruction parameters were as fol-
lows: PCD-CT UHR mode 120 kV, 120 x 0.2-
mm collimation, 0.5 pitch, 0.25-s rotation,

1,024 matrix, Bré8, IR-3; EID-CT SE with CARE
kV (variable kV), 192 x 0.6-mm collimation,
0.4 pitch, 0.5-s rotation, 512 matrix, Bv44,
IR-2. PCD-CT yielded more visualized fibu-
lar perforators (R1: 6.4 £ 3.2vs. 4.2 +24,P<
0.001; R2: 8.8 +3.4vs.7.6 + 3.3, P=0.04) and
greater arterial sharpness (both readers 3.2
vs. 1.7-1.8, P < 0.001), with fewer total occlu-
sions for one reader (0.5+1.3vs.09+1.7,P=
0.04) and similar subjective noise.>

In abdominal arterial-phase imaging, a
retrospective comparison (25 + 25 patients)
of UHR PCD-CT vs. EID-CT reported a medi-
an CTDlvol of 4.7 (IQR: 3.9-5.1) vs. 7.3 mGy
(4.6-12.6) and a DLP of 229 (187-262) vs. 295
mGy-cm (233-595); the effective dose was 3.4
(2.8-3.9) vs. 4.4 mSv (3.5-8.9), calculated as
DLP x 0.015 mSv-mGy'-cm™. PCD-CT showed
higher SNR/CNR (significant for renal arter-
ies, P = 0.0432) and higher subjective image
quality (P < 0.0001). Acquisition/reconstruc-
tion details: PCD-CT UHR 120 kV, 0.25-s rota-
tion, 0.8 pitch, 0.2-mm collimation; 0.6 /0.6
mm axial reconstruction, Bv40 kernel; EID-CT
80-140 kV with automatic dose modulation,
0.28-s rotation, 0.6 pitch, 0.6-mm collimation;
130f/Bv38 reconstruction; non-ECG gated.*

Diagnostic performance against digi-
tal subtraction angiography (DSA) was as-
sessed per segment in 109 patients (933
arterial segments): sensitivity was 91% (95%
Cl 87-94), specificity was 95% (92-96), and
accuracy was 93% (=95% Cl: 91-95) overall;
territory-level accuracies were 98% (iliac),
92% (femoro-popliteal), and 93% (calf). In-
ter-reader agreement was good (weighted
K: 0.791; k: 0.829 for pure-lumen reconstruc-
tion). Agreement with DSA grading was k:
0.905 (CTA) and k: 0.825 (pure lumen); 95%
Cls for k were not reported.>

Exploratory biomarker research includ-
ed a radiomics study (n = 55) in which two
gray-level co-occurrence matrix features
from periaortic adipose tissue distinguished
Agatston > 100 vs. 0; ClusterProminence
showed the most stable performance under
10-fold cross-validation.? In 200 patients,
Ota et al.*¢ derived %-calcification on VNCa
maps of the abdominal aorta with an AUC of
0.94 (vs. an ACV AUC of 0.90); a 14.8% cut-off
yielded 73% sensitivity and 99% specificity
for high cardiovascular-risk classification.

A histology-matched study of ascending
thoracic aortic aneurysms (n = 14) compared
per-patient minimum and maximum aor-
tic-wall thickness on PCD-CT with ex vivo his-
tology. ECG-gated UHR-CTA of the aortic root
(120 x 0.2-mm collimation; 66-ms temporal
resolution) was followed by non-gated tho-

rax-abdomen-pelvis CTA (144 x 0.4-mm col-
limation). The effective-dose model, CTDIvol,
DLP, and SSDE were not reported. The results
(unit of analysis = patient-level paired mea-
sures) showed a PCD-CT mean minimum/
maximum wall thickness of 1.05/1.69 mm
versus histology of 1.66/2.82 mm. Bland-Alt-
man (PCD-CT — histology) analysis revealed a
mean bias of —0.61 (minimum)and —1.10 mm
(maximum); the authors stated no systemat-
ic bias, and numerical limits of agreement
were not tabulated. Inter-/intra-observer
ICCs were not performed or reported.”’

Figure 5 presents aortic PCD-CT and pe-
ripheral angiography in a patient with aniiliac
stent and multiple stenotic segments in the
peripheral arterial system.

Discussion

Evidence summary

Fifty-nine clinical studies published be-
tween January 2021 and September 1, 2025,
evaluated PCD-CT across the cardiovascular
spectrum: 31 coronary, 14 aortic-visceral-
peripheral, 4 pulmonary/cardiopulmonary
functional, 4 myocardial tissue characteri-
zation, and 6 structural-heart/valvular-plan-
ning investigations. Across domains, the in-
cluded studies frequently reported at least
one advantage of PCD-CT over EID-CT, in-
cluding higher spatial resolution at a routine
or reduced dose, opportunities for radiation
and contrast savings, and robust diagnostic
performance in real-world cohorts. Reported
examples include vessel-level AUCs of up to
0.99 with UHR modes; reductions in CTDIvol
of approximately 40%-60% in matched cor-
onary comparisons; effective doses as low
as 0.41 mSv for selected coronary protocols;
and 40%-60% contrast-volume reductions
in thoracoabdominal CTA, infrapopliteal
run-off, and pulmonary embolism protocols
without loss of diagnostic confidence.

In routine coronary practice, a large com-
parative cohort of 7.833 examinations re-
ported an increase in per-patient specificity
from 93% to 98% and a reduction in invasive
angiography referrals from 13.1% to 9.9%. In
the peripheral circulation, diagnostic perfor-
mance approached that of DSA, with sen-
sitivity around 91% and specificity around
95%. Quantitative capabilities extend be-
yond morphology: VNC calcium scores have
shown ICCs of 0.97-0.99 compared with TNC;
iodine-derived ECV estimates differ from car-
diac MRI by less than 2% in selected studies;
and decision-analytic modeling suggests po-
tential cost savings by reducing downstream
testing.
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Figure 5. Photon-counting detector computed tomography (CT) angiography in a 65-year-old male patient with a left femoral-popliteal artery stent undergoing
vascular evaluation. The scan was performed using a retrospective ECG-triggered protocol with 75 mL of iodinated contrast medium, a dose-length product of 945
mGy-cm, and a standard 0.4-mm slice thickness. The coronal cinematic-rendered maximum intensity projection image (a) and the curved planar reformation (b)
depict the metallic tubular stent extending through the left femoral and popliteal arteries. Panel (c) shows the metallic tubular stents in the peroneal artery and
anterior tibial arteries. Photon-counting detector CT provides excellent visualization of stent lumen patency and adjacent vascular segments, with high spatial
resolution and reduced blooming artifacts, enabling the detailed assessment of in-stent and peri-stent regions.

Context within prior syntheses

Since 2023, several narrative or
semi-structured reviews have highlight-
ed the clinical promise of PCD-CT but have
generally not aggregated core metrics and
often predate workflow and economic data
emerging in late 2024-2025. Flohr et al.’®
presented a seminal cardiac-focused over-
view in 2023, illustrating early findings such
as an approximate 50% calcium-scoring dose
reduction and an approximate 11% decrease
in blooming-related stenosis overestimation
while calling for multicenter outcome and
economic evaluations.

Sharma et al.* offered a clinician-orient-
ed digest combining phantom, animal, and
human data, reporting ranges of 29%-41%
in noise reduction, 20%-36% in CNR im-
provements, and 100%/87% in sensitivity/
specificity for in-stent restenosis but without
formal synthesis and with limited attention
to non-coronary applications.

Hagen et al.?° broadened the scope to on-
cology, cardiovascular, and pediatric imag-
ing with a qualitative three-pillar framework.
Hagar et al.®" introduced a more structured
approach but included only around 20 cardi-
ac studies up to August 2024. In the vascular
domain, Wildberger and Alkadhi®* reviewed
feasibility-level studies and emphasized
prototype-related bias and the need for pro-
spective surveillance in endovascular aortic
repair follow-up. Van der Bie et al.®® provided

a focused systematic review on stent imag-
ing.

A separate review by Van der Bie et al.®
addressed clinical aspects of PCD-CT utiliza-
tion not only in cardiovascular imaging but
also in abdominal, thoracic, musculoskeletal,
neuro, and pediatric imaging. They specif-
ically investigated stent imaging, coronary
stenosis measurements, coronary calcium
quantification, plaque component quanti-
fication, ECV quantification, TAVI planning,
and calcium scoring in the cardiovascular
imaging section, following a largely narra-
tive methodology with limited comparative
analysis.**

Clinical impact and emerging signals

In coronary imaging, UHR and low-keV
reconstructions sharpen lumen-plaque in-
terfaces, mitigate blooming in calcified and
stented segments, and enable contrast-spar-
ing protocols while maintaining diagnostic
performance. Real-world cohorts suggest
improved specificity, fewer unnecessary
invasive angiographies, and operational ef-
ficiencies when functional adjuncts can be
derived from the same dataset. In myocar-
dial tissue characterization, delayed iodine
maps and ECV estimates demonstrate high
concordance with MRI at segment and pa-
tient levels, supporting single-session cor-
onary-plus-tissue assessment when MRI is
contraindicated or impractical.
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For structural-heart/TAVR planning, PCD-
CT supports accurate annular measure-
ments and peripheral-access assessment at
reduced exposure; VMI reconstructions can
facilitate calcium quantification without ad-
ditional native scans. Within the pulmonary
circulation, multi-energy datasets enable
iodine-based perfusion mapping alongside
embolus detection, often with lower radia-
tion and reduced contrast loads. In aortic and
peripheral vascular applications, low-keV
VMIs improve vascular conspicuity—particu-
larly in small-caliber infrapopliteal vessels—
while supporting dose- and contrast-effi-
cient protocols; early research also indicates
potential quantitative biomarkers.

Challenges and evidence gaps

The evidence base remains dominated
by single-center experiences with hetero-
geneous acquisition/reconstruction (tube
potentials, matrix/slice thickness, kernels/
iterative strengths, and VMI energies) and
variable reference standards (ICA, CMR, and
DSA). Quantitative thresholds—for example,
plaque-component cut-points and calci-
um-score categories in VNC/VNI workflows—
require harmonization. Health economic and
workflow data are encouraging but largely
model based; prospective utilization and
cost-impact studies across health systems
are needed. Finally, multicenter trials link-
ing PCD-CT-guided decisions to hard clinical
endpoints remain limited.
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Future directions

Priorities include the following: (i) mul-
ticenter prospective studies with standard-
ized acquisition and reporting checklists; (ii)
consensus on recommended VMI energies
and quantitative thresholds by indication;
(iii) reproducibility studies for ECV/perfusion
metrics and for VNC calcium scoring across
vendors and sites; (iv) prospective evalua-
tions of Al-enabled adjuncts (e.g., CT-FFR,
radiomics) anchored to outcomes; and (v) ro-
bust cost-utility and budget-impact analyses
in diverse clinical contexts.

Limitations of the evidence and of this re-
view

Most included studies are observational,
single-center studies, with heterogeneity
that precludes formal pooling. Accordingly,
we report study-level results and observed
ranges rather than pooled effects. External
validity across institutions and vendors and
longer-term outcomes require further study.

In conclusion, across cardiovascular ap-
plications, PCD-CT has been reported to
demonstrate higher spatial resolution, im-
proved tissue/contrast characterization,
and greater opportunities for radiation and
contrast reduction. These technical gains,
together with early signals of diagnostic and
workflow efficiency, support an expanding
clinical role for PCD-CT, contingent upon
confirmation in multicenter outcome and
economic evaluations.
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