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Photon-counting CT (PCCT) uses semiconductor detectors to directly convert X-ray photons to electrical signals, the intensity
of which is directly proportional to the energy of the individual photons. PCCT offers several advantages in cardiovascular
imaging, including ultra-high-resolution (UHR) imaging, improved multi-energy capabilities, reduced noise and artifacts, and
improved iodine signal and radiation dose efficiencies. UHR imaging enhances the assessment of small vessels, dense
calcifications, and stents. Multienergy mode enhances the iodine signal, reduces artifacts, and allows for material separation
and lesion characterization. In this article, we review PCCT technology, highlight the benefits of PCCT in cardiovascular

imaging using case examples, and discuss its challenges.
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INTRODUCTION AND TECHNICAL OVERVIEW

Photon-counting CT (PCCT) is a recently introduced CT
technology that uses semiconductor detectors, such as
cadmium telluride, cadmium zinc telluride, or silicon, in
contrast to the energy-integrating detectors (EID) used in
conventional CT scanners. These semiconductor detectors
convert X-ray photons directly into electrical signals, whose
pulse height is directly proportional to the energy of the
X-ray photons (Fig. 1). Hence, each photon is allocated to
a specific energy bin, and the detector can be programmed
to count individual pulses that exceed a specific threshold
[1]. The dual-source Naeotom Alpha (Siemens Healthineers),
now known as Naeotom Alpha Peak, was the first PCCT to be
approved by the FDA for commercial use. Other FDA-approved
technologies include dual-source Naeotom Alpha Pro (Siemens
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Healthineers), single-source Naeotom Alpha Prime (Siemens
Healthineers), a single-source PCCT by Canon Medical systems
and a mobile OmniTom Elite PCCT (Neurologica, Samsung
Electronics) [2]. Other vendors have prototypes at various
stages of approval [3].

Unlike conventional EID CT, which has septa between
the detectors to limit the diffusion of light, PCCT does not
have septa. As a result, PCCT can have smaller detector
elements of 0.151 x 0.176 mm, which allows for ultra-high-
resolution (UHR) imaging with an in-plane spatial resolution
of up to 0.11 mm [1]. UHR images were obtained using thin
slices (e.g., 0.2 mm), sharp kernels (e.g., Bv56/68), and
high matrices (e.g., 1,024 x 1,024). In PCCT, unlike EID-CT,
UHR imaging does not require grid filters, which allows for
geometric radiation dose efficiency.

PCCT has also improved spectral separation owing to
multienergy binning. The quality of multienergy/spectral
images is improved compared to that of EID-CT dual energy
technologies because of the high temporal resolution of 66
ms and spatial and temporal registration due to spectral
imaging at the detector level. In comparison, the dual-source
EID-CT scan technology has a lower temporal resolution in
the dual energy mode, and there is a 90° offset between the
X-ray tubes and detectors. Spectral images include virtual
monoenergetic images (VMIs), iodine maps, virtual non-
contrast (VNC), and virtual non-calcium (VNCa) images. VMI
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Fig. 1. PCCT scan technology. A: Schematic of a conventional energy-integrating detector CT scanner. An X-ray photon strikes a scintillator
(e.g., gadolinium oxysulfide), which emits visible light (illustrated as a polygon). The light is then detected by a photodiode and converted
into an electrical signal, resulting in a loss of information about the original photon during the intermediate light conversion. B: Schematic

of a PCCT scanner. An X-ray photon strikes a semiconductor detector (e.g., cadmium telluride) and is directly converted into an electrical
signal, the energy of which is proportional to that of the incoming photon. PCCT = photon-counting CT

mimics images obtained using a single-energy X-ray beam
generated from 40 to 200 keV energy levels. VMI at 70 keV is
equivalent to a conventional CT image, whereas VMIs <70 keV
are labeled as low-energy and those >70 keV are labeled

as high-energy. The attenuation of iodine increases in low-
energy VMIs because photoelectric attenuation increases as
the X-ray energy approximates the k-edge of iodine (i.e.,

33 keV) [4]. Although traditional multi-energy techniques
result in higher noise at low-energy levels which limits the
lowest energy that can be used, PCCT has low noise even at
low-energy levels. At the other end of the spectrum, high-
energy VMI can reduce various artifacts including blooming,
beam hardening, and metallic artifacts. Iodine maps and
VNCs are generated using two-material decomposition
(iodine and water). Iodine maps highlight iodine-containing
pixels, whereas iodine-containing pixels are removed in VNC,
which mimics true non-contrast (TNC) acquisition. PCCT also
incorporates a novel three-material decomposition algorithm
(iodine, water, and calcium) to generate virtual non-iodine
(VNI; PURE Calcium, Siemens Healthineers) and VNCa (PURE
Lumen, Siemens Healthineers) images. VNI preserves calcium
more accurately than the traditional VNC. The VNCa removes
calcium from the images.

Electronic noise is eliminated by using energy thresholds
that exclude low-energy electronic noise [1,3]. This
reduction improves image quality and enables the use of
low-dose radiation protocols, which would otherwise be
limited by noise. PCCT has an intrinsically high iodine
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contrast-to-noise ratio (CNR) owing to the equal weight of
low-energy and high-energy photons [1,5,6].

In this article, we illustrate the clinical applications of
PCCT in cardiovascular imaging using case examples from our
institution with Naeotom Alpha (Table 1). The subsequent
sections are organized according to the incremental value of
PCCT in cardiovascular imaging. The sample protocols used
in our institution are listed in Table 2.

IMPROVED ASSESSMENT OF DENSE CALCIFIED
ARTERIES

A key limitation of EID-CT is its low accuracy in
quantifying luminal stenosis caused by dense calcified
plaques, particularly in small vessels. Although coronary
CT angiography (CTA) has a high negative predictive value
for the exclusion of obstructive coronary artery disease
(CAD) and is the first-line test in low- to intermediate-risk
populations [7], its accuracy and specificity decline in high-
risk patients with extensive calcification [8]. Blooming
artifacts from partial volume averaging exaggerate the extent
of calcification, leading to overestimation of luminal stenosis
and unnecessary referrals for invasive coronary angiography
(ICA). Because partial volume averaging is a consequence
of low spatial resolution, UHR imaging with PCCT reduces
calcium blooming, enhances the definition of calcium, and
improves the assessment of luminal stenosis (Fig. 2) [3].

A few studies, including those in high-risk cohorts, have
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Benefits

Image type

Comment

Improved assessment of dense calcified

arteries

UHR: Decreased blooming
ME: High-energy VMI
ME: VNCa (PureLumen)

* Decreased calcium blooming improves assessment of luminal
stenosis that correlates better with invasive angiography
* Improved assessment of luminal stenosis by separation of

Improved assessment of stents

Improved visualization of vessels UHR
ME: Low-energy VMI

Improved assessment of vessel wall & plague UHR
ME: VMI

Material decomposition & characterization ~ Iodine map, VNC

VNC, VNI (PureCalcium)

Myocardial assessment VMI, Iodine map

VNC, VNI

Radiation dose reduction

Combination of scan modes

UHR: Decreased blooming
ME: High-energy VMI

Combined UHR/ME mode
Combined Flash/ME mode

calcium

* Improved visualization of stent structure

* Decreased blooming improves assessment of in-stent
stenosis that correlates better with invasive angiography

* Visualization of small vessels that are challenging in
conventional CT helps in procedural planning

* Use of low-dose iodinated contrast

* Salvage of suboptimal enhanced studies

* Enhances confidence of characterizing vessel wall and
plaque. Potential for detecting novel risk factors

* Characterization of lesions that have similar attenuation in
conventional images

* Saves radiation dose of a true non-contrast acquisition

* Myocardial perfusion, late iodine enhancement and
extracellular volume are performed with higher image quality
than EID-CT single and dual energy scans

* By eliminating a true non-contrast acquisition in some
multiphasic studies and for calcium score in a patient who
is getting a CT angiography

* Benefits of UHR and ME mode

* Motion-free images with pulmonary perfusion maps and VMIs

PCCT = photon-counting CT, UHR = ultra-high-resolution, ME = multienergy, VMI = virtual monoenergetic image, VNCa = virtual non-calcium,
VNC = virtual non-contrast, VNI = virtual non-iodine, EID = energy-integrating detector

demonstrated that the UHR mode correlates more accurately
with quantitative ICA than with EID-CT [9-11]. Other studies
have shown that PCCT reclassifies up to 54% of patients to a
lower stenosis grade and CAD-RADS category compared with
EID-CT, especially in cases of calcified and partially calcified
plaques (Fig. 2A, B) [9-12]. Consequently, CTA can now be
applied more reliably in high-risk populations, including
patients undergoing evaluation for transcatheter aortic valve
replacement (TAVR) [13]. Recent studies further indicated
that PCCT reduces unnecessary ICA referrals and other
downstream tests, lowering healthcare costs while increasing
the rate of appropriate revascularization [14,15].

Beyond the coronary arteries, PCCT also improves the
assessment of luminal stenosis in lower-extremity runoff
vessels, particularly in small arteries below the knee. In
these arteries, it is difficult to distinguish between calcium
and contrast, resulting in both over- and under-estimation
of stenosis on EID-CT. As a result, CTA accuracy is lower
for below-knee vessels than for the proximal arteries with
EID-CT. Various EID-CT techniques have been employed

kjronline.org https://doi.org/10.3348/kjr.2024.0261

to mitigate this problem, including delayed acquisition,
calcium subtraction using non-contrast imaging, and dual-
energy calcium separation [16]. UHR with PCCT enhances
calcium definition, reduces blooming, and improves
stenosis assessment [17]. This translates into greater
arterial sharpness, higher diagnostic confidence, reduced
uncertainty, and fewer misclassified segments as occluded
(Fig. 2C, D) [16].

Spectral imaging can also improve the evaluation of
densely calcified lesions. High-energy VMI is another
effective method for mitigating blooming by decreasing
the average attenuation of the materials in a voxel. High-
energy VMI improves stenosis evaluation and correlates
more closely with ICA than with conventional imaging
[18,19]. High-energy VMI also decreases the beam-
hardening artifacts, which appear as dark streaks owing to
the preferential attenuation of low-energy photons. VMIs at
energies >100 keV are particularly effective in decreasing
these artifacts [20]. However, as the iodine signal decreases
at higher energies, it is essential to review lower-energy
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Coronary CTA-UHR

Coronary CTA-ME Thoracic aortic CTA

Scan range
Bolus track

Scan mode

Direction

CARE Dose4D

CARE keV optimization target
Tube voltage, kVp

CARE keV IQ level
Collimation, mm

Pulsing mode

Phase start/end

Kernels

QIR strength
Standard recon
Spectral recons

Recon phases

Slice thickness, mm
Increment, mm
Matrix size

* Carina to bottom of heart
* Entire heart for bypass grafts
Ascending aorta at level of
pulmonary artery
Spiral
Craniocaudal
Yes
Vascular
90 or 120
100 (90 kV) or 50 (120 kV)
120 x 0.2
Standard

40%-75%

Bv60
4
Conventional images (T3D)
None

Best diastolic, best systolic,
multiphase 0%-95% at 5%
increments
0.2
0.1
1,024 x 1,024

« Carina to bottom of heart
* Entire heart for bypass grafts

* Lung apices-bottom of heart

Ascending aorta at level of
pulmonary artery
Spiral/sequential/flash

Ascending aorta at level of
pulmonary artery

Craniocaudal Craniocaudal
Yes Yes
Vascular Vascular
120 120
50 50
144 x 0.4 144 x 0.4

Standard for spiral;
manual for sequential

* Gated Flash (<75 bpm and regular,
Pt width <45 cm)

* Gated sequential
(too large for Flash mode)

* Non-gated flash

* Gated spiral mode

* Non-gated Spiral mode

40%-75% for spiral, 65%-75% for 65%
sequential; 55% for flash
Bv48 Bv44, Bv56
4 4
Monoenergetic plus-70 keV Monoenergetic plus-70 keV
50 keV Bv48 50 keV Bv48
Todine map Qr40 Todine map Qr40
VNC Qr40 VNC Qr40
PureLumen Bv48 PureLumen Bv48
SPP Qr40 SPP Qr40

Best diastolic, best systolic,
multiphase 0%-95% at 5%
increments in spiral mode

Sequential: single best phase
(70% or 200-400 ms at HR
>85 bpm or irregular)

0.4 1.0
0.3 0.5
Auto Auto

PCCT = photon-counting CT, CTA = CT angiography, UHR = ultra-high-resolution, ME = multienergy

images as well for optimal lumen visualization [3]. Spectral
calcium separation is another technique that can reduce
calcium blooming. VNCa images subtract calcium from the
images, making calcium appear grayish instead of white
(Fig. 3). As a result, it is easier to distinguish gray-colored
calcium from white-colored contrast-enhanced coronary
arterial lumen. This improves the assessment of luminal
stenosis, which correlates better with ICA [21,22]. However,
occasional erroneous plaque subtraction can result in false-
positive or false-negative diagnoses in up to 12% of cases
[22]. VNCa also enhances the assessment of calcified plaques
in peripheral runoff arteries. In one study, sensitivity,
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specificity, and accuracy for stenosis detection compared
with digital subtraction angiography were 85%, 89%, and
88%, respectively, slightly lower than conventional imaging
(91%, 95%, and 93%) [17]. In addition, bone-subtraction
algorithms based on material decomposition are faster and
more robust than traditional threshold-based approaches [4].

IMPROVED ASSESSMENT OF STENTS

The evaluation of stents, particularly small stents,
remains a challenge with EID-CT because blooming artifacts
obscure both the stent structure and the underlying lumen.

https://doi.org/10.3348/kjr.2024.0261 kjronline.org



PCCT in Cardiovascular Imaging

Korean Journal of Radiology

KJR

Fig. 2. Improved assessment of dense calcified arteries. A: Axial oblique coronary CTA from an EID-CT scanner in a 71-year-old male
shows dense calcified plaque in the proximal and mid left anterior descending coronary artery, resulting in severe stenosis. Calcium
margins are poorly defined. B: Coronary CTA in the same patient from a PCCT scanner shows sharper plaque definition with reduced
blooming, revealing moderate stenosis. By reducing blooming, PCCT enables more accurate estimation of luminal stenosis, which
correlates more closely with invasive coronary angiography. C: Axial CTA in a 75-year-old male shows a heavily calcified popliteal artery
with severe stenosis and marked calcium blooming on EID-CT (red circle). D: Axial CTA in the same patient from PCCT shows sharper
plaque definition, reduced blooming, and improved assessment of stenosis (red circle). CTA = CT angiography, EID = energy-integrating

detector, PCCT = photon-counting CT

Consequently, CTA is recommended only for stents larger than
3 mm in diameter and with a strut thickness >100 pm [23].
PCCT UHR imaging decreases stent blooming and enhances
the visualization of stent architecture, including luminal
assessment of neointimal hyperplasia and in-stent restenosis
[24]. Several studies have demonstrated the advantages

of PCCT in coronary stent imaging, particularly when using
sharp reconstruction kernels (e.g., Bv72), thin slices, and
high temporal resolution (Fig. 4A, B) [25-28]. These benefits

kjronline.org https://doi.org/10.3348/kjr.2024.0261

also extend to small stents [28]. PCCT improves diagnostic
accuracy in detecting neointimal hyperplasia, with stenosis
assessment showing a strong correlation with ICA findings
[9,25,26]. Beyond the coronary circulation, PCCT has also
proven valuable for evaluating small stents in other vascular
territories, including the renal arteries and stents used in
fenestrated endovascular aortic repair (Fig. 4C, D). Similar to
dense calcified plaques (discussed above), high-energy VMIs
(>100 keV) can also decrease blooming, beam hardening,
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and metallic artifacts near stents [20].

IMPROVED VISUALIZATION OF VESSELS

The evaluation of small vessels can be significantly
improved in PCCT by using both UHR and spectral
capabilities. The UHR capabilities of PCCT enhance the
visualization of small vessels beyond what is possible
with EID-CT. In the coronary arteries, PCCT improves the
delineation of the small side branches. CAD-RADS requires
assessment of all coronary artery branches >1.5 mm; improved
visualization with PCCT may prompt future updates to include
smaller branches [6]. Beyond the coronaries, PCCT improves
the assessment of the digital arteries in the hand, providing
valuable information for evaluating ischemic conditions such
as thromboangiitis obliterans and scleroderma. Similarly,
the improved depiction of small vessels in the foot supports
advances in peripheral vascular interventions and surgery,
allowing for interventional procedures in the distal vessels.
Identification of the artery of Adamkiewicz, which is critical
for spinal cord perfusion in thoracoabdominal aortic surgery,
remains challenging using EID-CT, often requiring large
contrast volumes, precise timing, and delayed acquisition.
PCCT facilitates reliable identification at low-contrast doses
[29]. PCCT also enhances the visualization of the perforator
arteries for reconstructive surgery, demonstrating more
perforators, improved depiction of smaller branches, and a
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Fig. 3. Material-based calcium separation. A: Coronary CT angiography from photon-counting CT in a 75-year-old female shows dense
calcified plaque in the left main coronary artery (arrow) with moderate stenosis. B: Virtual non-calcium reconstruction (PureLumen) using
a three-material decomposition algorithm replaces calcium pixels with gray color (arrow), mitigating the effect of calcium blooming and
improving stenosis assessment.

clearer anatomic definition [16,30]. It is similarly useful

for mapping the prostatic branches for prostate artery
embolization and inferior rectal branches for rectal artery
embolization [31]. Improved visualization of tumor-involved
small vessels enhances surgical planning and supports 3D
modeling and printing for preoperative assessment of cardiac
tumors (Fig. 5). Overall, the improved definition of small
vessels by using PCCT may reduce the number of surgical and
interventional procedures required.

The high-iodine CNR of PCCT and low-energy VMIs can
also improve the visualization of small vessels. These
properties can also be leveraged with a low dose of an
iodinated contrast agent, especially in patients with severe
renal dysfunction. The high iodine signal in low-energy VMI
can also be used to rescue suboptimally enhanced studies
without the need to repeat the scan on a conventional EID-
CT scanner, which leads to increased contrast and radiation
doses, as well as patient discomfort and dissatisfaction.
Multiple studies have demonstrated the value of low-energy
VMI (40, 50, or 55 keV) in reducing contrast doses in CTA by
up to 50% (Fig. 6) [32-34].

IMPROVED ASSESSMENT OF VESSEL WALL AND
PLAQUE

The UHR capabilities of PCCT also allow the comprehensive
evaluation of the vessel wall in conditions such as vasculitis,

https://doi.org/10.3348/kjr.2024.0261 kjronline.org
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Fig. 4. Improved evaluation of stents. A: Axial oblique (left) and short-axis (right) coronary CTA in a 64-year-old male from an EID-CT scanner
shows a proximal left anterior descending coronary artery stent (arrows) with poor strut definition due to blooming artifact. B: Coronary

CTA in the same patient from PCCT (left = oblique axial; right = short-axis) shows sharper stent definition, reduced blooming, and improved
visualization of stent struts and lumen. C: Coronal oblique CTA in a 55-year-old female from EID-CT shows poor definition of a renal artery
stent. D: Coronal oblique CTA in the same patient from PCCT shows sharper stent margins, reduced blooming, and improved luminal
assessment. CTA = CT angiography, EID = energy-integrating detector, PCCT = photon-counting CT
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Fig. 5. Improved visualization of small vessels. A-C: Axial CTA (A), coronal MIP image (B) and 3D-volume rendered construction (C) from
PCCT in a 16-year-old male with osteosarcoma of the first rib demonstrates the mass (arrows) which abuts and severely narrows the left
subclavian artery (curved arrows). The tumor was resected, and a graft restored patency. D: Sagittal oblique CTA from PCCT in a 63-year-old
male with metastatic hepatocellular carcinoma in the RV shows a mass (arrow) narrowing the RV outflow tract, infiltrating the RV free wall
(arrowhead), and supplied by small marginal RCA branches (curved arrows). E: Coronal oblique CTA in the same patient shows the mass (arrow),
RV wall infiltration (arrowhead), and feeding marginal branches (curved arrows). CTA = CT angiography, MIP = maximal intensity projection,
PCCT = photon-counting CT, RV = right ventricle, RCA = right coronary artery

Fig. 6. Salvage of suboptimally enhanced CTA using multienergy technique. A: Coronal oblique CTA from photon-counting CT in a 75-year-
old male shows suboptimal aortic opacification (mean, 191 HU) due to contrast extravasation during the scan. B: Coronal oblique 50-keV
image in the same patient shows improved iodine signal (mean, 450 HU). Low-keV virtual monoenergetic image enhances iodine conspicuity,
allowing for a reduced contrast dose and salvaging suboptimally enhanced studies. CTA = CT angiography, HU = Hounsfield unit

234 https://doi.org/10.3348 /kjr.2024.0261 kjronline.org
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fibromuscular dysplasia (FMD), and atherosclerotic plaques.
Florid vasculitis is typically evident on EID-CT as mural
thickening, enhancement, and perivascular stranding;
however, early or subtle diseases may be difficult to

detect. PCCT improves the sensitivity to these subtle
changes. Similarly, while classic FMD is identified by beaded
irreqularities of alternating stenoses and aneurysms, PCCT
better depicts early or subtle wall abnormalities, often
challenging to detect with EID-CT [6]. Plaque quantification

Korean Journal of Radiology

and characterization are emerging as key tools for risk
stratification and personalized therapy. High-risk plaque
features, including low attenuation (<30 Hounsfield unit
[HU]), spotty calcification, napkin-ring sign, and positive
remodeling, are associated with adverse cardiovascular
outcomes, with low-attenuation plaques carrying the highest
risk [35]. A greater total plaque volume and a higher volume
of individual plaque components are also associated with
poor outcomes [35]. PCCT at UHR improves the delineation

A - -

>

Fig. 7. Vessel wall and plaque characterization. A: Short-axis and axial oblique CTA from an energy-integrating detector-CT in a 61-year-

old female shows a non-calcified plaque in the mid right coronary artery with positive remodeling (arrows), causing mild stenosis. B: CTA
from photon-counting CT in the same patient shows improved plaque definition with clear visualization of a central low-attenuation lipid
core (arrows), indicating a high-risk plaque prone to rupture. CTA = CT angiography

kjronline.org https://doi.org/10.3348/kjr.2024.0261
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of plaque components and may help identify novel risk
markers (Fig. 7). Importantly, different thresholds may be
required for plaque quantification with PCCT compared to
EID-CT. Several studies have shown that UHR decreases
calcified plaque volume (due to reduced blooming) and
increases non-calcified, low-attenuation plaque volume
(due to improved image quality), resulting in up to a 33%
reduction in measured total plaque volume [36,37].

Plaque analysis is typically performed by categorizing
plaques into calcified, fibrotic, or lipid-rich components
based on CT attenuation thresholds, which vary with tube
potential and patient size. Spectral imaging with VMIs
improves reproducibility by standardizing attenuation
values across different energy levels [38]. PCCT also
improves coronary artery calcium scoring (CACS). One study
demonstrated that CACS is lower with PCCT by approximately
4% due to reduced blur artifacts [39], whereas another
found higher scores than EID-CT, attributed to reduced
partial volume averaging and detection of more voxels
above the 130 HU threshold [18]. Using VMI, the CACS on
70-keV PCD-CT is lower than that on EID-CT [19], and scores
further decrease with higher keV levels and greater iterative
reconstruction strength [40].

MATERIAL DECOMPOSITION & CHARACTERIZATION

Spectral images, including iodine maps and VNC, are
valuable for lesion characterization, including incidentally
detected findings (Fig. 8). A common application is the
evaluation of cardiac masses, particularly the differentiation
of thrombi from neoplasms or slow-flow artifacts.

Fig. 8. Multienergy characterization of incidental lesion. A: Coronal oblique CT angiography in a 42-year-old male post-Bentall procedure,

Rajiah et al.

Conventional CT relies on attenuation values, delayed
imaging, or prone positioning, whereas PCCT iodine maps
provide direct quantification. Thrombi demonstrate absent

or very low iodine signals, whereas slow-flow regions
contains measurable iodine. A threshold of <1.74 mg/mL
has been shown to yield 100% sensitivity and specificity
(area under curve = 1) in distinguishing thrombi from slow
flows [4,41], although cutoffs specific to PCCT have not yet
been established. Neoplasms typically demonstrate a higher
iodine content, allowing distinction from thrombi. The
combination of iodine maps, VNC, and VNCa reconstructions
can further aid in lesion characterization. For incidentally
detected hyperattenuating lesions, the VNC distinguishes
between iodine-related enhancement and other causes of
hyperdensity. The persistence of hyperattenuation on the
VNC suggests hemorrhage, calcium, or surgical material,
whereas its persistence on the VNCa specifically indicates
hemorrhage. The presence of iodine on iodine maps indicates
enhancement or active bleeding [4].

CACS can be calculated from the VNC derived from CTA,
eliminating the need for separate TNC acquisition, thus
reducing radiation exposure. Although the VNC-derived
CACS correlates with TNC-derived scores, the values are not

identical [3]. VNI has been shown to have closer agreement
with CACS from TNC than with VNC (r = 0.97) (Fig. 9) [41-45].
Small or low-density plagues may be missed on standard VNI
at 70 keV; however, using safety-net reconstructions with
55 keV VNI, iterative reconstruction (level 2), and a 110 HU
threshold can improve detectability, preventing erroneous
CAC scores of zero in approximately 18% of patients [46].

subaortic resection, Konno root enlargement, and tricuspid annuloplasty shows a complex hyperattenuating mediastinal hematoma (arrow).
B, C: Axial (B) and coronal (C) iodine maps in the same patient show absence of iodine in the lesion (arrows), confirming the lesion as

a postoperative seroma.
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Fig. 9. Calcium scoring from virtual non-iodine image. A: Coronary CT angiography from photon-counting CT in a 75-year-old female
shows dense calcified plaque in the left main coronary artery (arrow) with moderate stenosis. B: Virtual non-iodine reconstruction
(PURE Calcium) subtracts iodine but retains calcium (arrow), enabling calcium scoring without acquiring a separate non-contrast CT

scan, thus reducing radiation exposure.
MYOCARDIAL ASSESSMENT

The improved spectral performance of PCCT enhances the
myocardial perfusion imaging, late iodine enhancement (LIE),
and extracellular volume (ECV) quantification. Although
these techniques can be performed using conventional EID-
CT, PCCT provides superior image quality and diagnostic
performance [3,47,48]. Myocardial perfusion can be assessed
qualitatively using iodine maps and VMIs and quantitatively
with dynamic acquisitions. Low-energy VMIs and iodine
maps improve the sensitivity for detecting subtle perfusion
defects, whereas high-energy VMIs reduce beam-hardening
artifacts in the subendocardial regions adjacent to the left
ventricle blood pool, thereby improving specificity [4]. In
one study, PCCT myocardial perfusion imaging demonstrated
100% positive predictive value for diagnosing myocardial
ischemia using ICA or MRI as the reference standard [49].

LIE imaging, acquired 3-10 minutes after contrast
administration, allows the evaluation of myocardial scars
as an alternative to MRI, supporting the diagnosis of
cardiomyopathy and risk stratification. EID-CT is limited
by a low CNR, but PCCT, with lower noise, higher spatial
resolution, and spectral imaging, significantly improves
LIE quality (Fig. 10) [50]. In a canine model, PCCT enabled
the simultaneous discrimination of gadolinium and iodine
administered at different time points using dedicated
material maps. In this setting, iodine was used to assess the

kjronline.org https://doi.org/10.3348/kjr.2024.0261

Fig. 10. Myocardial assessment. Short-axis 50-keV virtual
monoenergetic image from photon-counting CT in a 51-year-old male
with hypertrophic cardiomyopathy shows patchy mid-myocardial late
iodine enhancement in the basal anteroseptum (arrow).

coronary anatomy and lesions, whereas gadolinium was used
to delineate the myocardial scar [51].

PCCT can also quantify the myocardial ECV by measuring
iodine attenuation in the myocardium and blood pool on
delayed contrast-enhanced scans combined with either a
measured or synthetic hematocrit. Radiation exposure is
reduced by deriving values from iodine maps and the VNC
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rather than acquiring a TNC dataset. ECV mapping has been
applied for the incidental diagnosis of cardiac amyloidosis
during TAVR evaluation, which is an adverse prognostic
factor [52]. Studies have shown a strong correlation between
PCCT-derived and MRI-derived ECV in various populations,
including patients with pre-TAVR and myocarditis [53-56].

RADIATION DOSE REDUCTION

PCCT offers several options to reduce the radiation dose
in CT scans. The inherent low electronic noise allows the
use of lower-radiation-dose which are traditionally limited

Fig. 11. Combined PCCT modes. A: Coronal oblique CTA from PCCT in UHR-ME mode in an 81-year-old male post-fenestrated endovascular

Rajiah et al.

by increased noise. The absence of reflective septa allows
geometric dose efficiency even in UHR mode, unlike EID-
CT, where grid filters are used. Multiphasic vascular studies
such as those for post-EVAR evaluation typically require
non-contrast, arterial, and venous phase acquisitions. Non-

contrast acquisition is required to distinguish calcium from
active bleeding, arterial phase acquisition is required for
stent assessment and arterial endoleaks, and venous phase
acquisition is required for delayed endoleaks. With PCCT, a
VNC can potentially replace a TNC scan, and a low-energy
VMI can replace the arterial phase. In addition to single
delayed-phase acquisition, virtual arterial phase images can

F _£%

aortic repair shows sharp definition of the stent structure, including renal artery stents. B: ME reconstruction in the same patient (50 keV)
shows enhanced contrast visualization. C: Sagittal oblique UHR image shows calcified descending thoracic aortic plaque. D: PureLumen
reconstruction shows calcium separation with reduced blooming. E: Axial CTA from PCCT in Flash-ME mode in 43-year-old male shows motion-
free pulmonary arteries with embolus in the posterior segmental right lower lobe branch (arrow). F: Iodine map in the same patient shows

a corresponding perfusion defect (arrow). Flash-ME mode enables simultaneous motion-free imaging of the coronary, aortic, and pulmonary
arteries, along with ME maps (iodine, virtual monoenergetic image). PCCT = photon-counting CT, CTA = CT angiography, UHR = ultra-high-

resolution, ME = multienergy
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also be generated using low-energy VMI along with VNC,
allowing one-third of the radiation dose compared with a
conventional three-phase protocol [57].

COMBINATION OF SCAN MODES

PCCT offers several combined and novel scanning modes
for cardiovascular imaging. In the early developmental
stages of the scanner, a choice had to be made between the
UHR and ME modes; however, a combined UHR/ME mode is
now available, including in gated cardiac CT studies (Fig.
11A-D). This allows the concomitant acquisition of UHR and
ME images, providing excellent quality for cardiovascular
imaging. The development of novel contrast agents may
further improve plaque characterization and provide novel
biomarkers. An animal study using gold nanoparticles
showed effective localization of nanoparticles in inflamed
and unstable coronary plaques using gold images and UHR
capabilities [58]. However, the collimation of this combined
mode for gated studies is only 96 x 0.2 mm, compared with
120 x 0.2 mm for UHR mode and 144 x 0.4 mm for the ME
standard-resolution mode.

Similarly, combined high-pitch helical (Flash) and
multienergy modes are available. This mode is not available
in dual-source EID-CT; as a result, a choice must be made

Table 3. Challenges of PCCT

Korean Journal of Radiology

between Flash and ME modes, i.e., between the need for
motion-free images and perfusion maps or low-energy

VMI for contrast. This choice is not required with the PCCT
scanner. As a result, motion-free images of the pulmonary
arteries, aorta, and coronary arteries can be obtained, along
with iodine maps and VMIs that facilitate low-dose contrast
studies (Fig. 11E, F) [59,60].

CHALLENGES IN CLINICAL APPLICATION

In addition to the higher costs, there are a few challenges
in the implementation of PCCT in routine clinical practice
(Table 3). The implementation of PCCT as a novel technology
for cardiovascular imaging in clinical practice involves a
steep learning curve. PCCT has several scan modes (UHR, ME,
UHR + ME), acquisition techniques (spiral, axial, high-pitch
spiral), kernels (Bv, Br, Qr at varying strengths), quantum
iterative reconstruction strengths, slice thicknesses,
matrices (512 x 512 or 1,024 x 1,024), and tube voltages
(70 to 140 kVp). The generated spectral images can vary
depending on the scan mode and tube voltage. A new
automated radiation dose technique called CAREKEV has been
used instead of CAREkVp [3]. Radiologists and technologists
should be aware of these parameters to optimize them for
specific clinical indications. Contrast injection protocols must

Challenge Comment

Solution

Cost Significantly higher than EID-CT

Steep learning curve

* Potentially will decrease with time and competition
from other vendors

Multiple scan modes, acquisition techniques, kernels, ¢ Knowledge sharing from experts and education of
iterative reconstruction strengths, slice thickness,

radiologists and technologists

matrix, tube voltages, spectral images, automated

dose modulation
Noise

matrix used in UHR mode

Smaller collimation

Artificial looking images

kernels

Increased data
to PACS

Increased storage requirements

Although electronic noise is low in PCCT, it can
increase with sharp kernels, thin slices and higher

The UHR mode and UHR/ME mode have smaller
collimations than standard resolution/ME mode

Increased probability of motion artifacts

Edge correction algorithms in some of the vascular

* Optimal selection of patients- limiting large patients
for UHR mode

* Selection of optimal kernel

* Increase iterative reconstruction level or noise
reduction techniques including artificial intelligence

« Utilization of UHR mode in appropriate patients

* Optimize contrast protocol for a longer scan time

* Use sharper kernels

Significantly increase data transfer time from scanner < Optimize the protocols to acquire only necessary

images
* Create additional storage

PCCT = photon-counting CT, EID = energy-integrating detector, UHR = ultra-high-resolution, ME = multienergy, PACS = Picture Archiving

and Communication System
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be modified for specific scanning modes. The UHR modes have
smaller collimations (120 x 0.2 mm for UHR, 96 x 0.2 mm for
UHR/ME mode), which require a longer contrast bolus for
adequate opacification and a spiral acquisition to avoid the
prolonged scan duration of sequential mode.

The high spatial resolution of the UHR mode comes at the
expense of higher image noise (Fig. 12A, B). Hence, the UHR
mode is not suitable for large patients. The mitigation of
noise in the UHR mode requires optimization of the kernel
and the use of noise-reduction algorithms, including those
that are based on deep learning. The standard-resolution
ME mode is suitable for large patients to optimize image
quality at lower noise levels without excessive radiation
exposure [3]. Additionally, low-energy VMI boosts the iodine

Rajiah et al.

signal, further improving the diagnostic quality in large
numbers of patients. Smaller collimation of the UHR mode
also increases the probability of motion artifacts. In addition,
some vascular kernels, especially lower-level Bv kernels, have
edge correction algorithms that result in artificial-looking
images. This can usually be mitigated using sharper kernels
(Fig. 12C, D).

A practical challenge of PCCT is the large amount of data
generated owing to thinner slices and multiple image types.
This can increase the transfer time from the scanner to
the PACS, delaying final reporting. In addition, additional
storage space must be provided for the excess data, which
has financial implications. To mitigate data overload, efforts
should be made to select and optimize only the images

-

o

Fig. 12. Challenges of PCCT. A: Axial coronary CTA from PCCT in a 61-year-old male using Bv48 filter shows good image quality. B: Axial
coronary CTA in the same patient using sharper Bv60 filter shows increased noise. Noise is a key limitation of ultra-high-resolution
images, especially with thin slices, sharp kernels, and high matrix size. C: Coronal CTA from PCCT in a 45-year-old male using Bv44 filter
shows artificially “painted” margins. D: Coronal CTA in the same patient using sharper Bv56 filter shows improved, more natural image

appearance. PCCT = photon-counting CT, CTA = CT angiography
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necessary for interpretation.

CONCLUSION

PCCT is an innovative CT technology that offers several
advantages for cardiovascular imaging. UHR capabilities
enhance the visualization of small vessels, heavily calcified
vessels, and stents, thereby improving the accuracy of
cardiovascular CT. The improved quality of multienergy images
provides enhanced iodine signal, reduced artifacts, improved
lesion characterization, calcium or iodine separation, and
radiation dose reduction. PCCT also provides lower image
noise and higher iodine CNR. Optimal use of PCCT requires an
understanding of the various technical parameters that can
be adjusted for specific clinical applications.
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