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Table 1
System parameters of the clinical prototype spectral photon counting CT system.

Parameter Large field of view SPCCT

Platform Philips iCT®

Supported scan modes Axial, axial multicycles, helical
Tube voltages (kVp) 80, 100, 120, 140
Tube currents (mA) 10–500
X-ray filter Half value layer

(HVL) = 7.1 ± 0.7 (SD) mm at
120 kVp

Focal spot (mm  × mm)  0.6 × 0.7 (dual focal spots)
Gantry rotation (s) 0.33, 0.4, 0.5, 0.75, 1.0
Projections per rotation 2400
Number of focal spots 2
Z-coverage in isocenter (mm) 17.5
Number of detectors per

row/column
64/1848

Field of view (mm)  500
Pixel pitch (�m × �m) 270 × 270 mm2 at isocenter
Readout electronic Philips ChromAIX2
Number of energy thresholds 5
Sensor material Cadmium Zinc Telluride, 2-mm
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Dear Editor,
A new generation of computed tomography (CT) systems fea-

turing energy-resolved photon-counting detectors (PCDs), spectral
photon-counting CT (SPCCT), yielded promising results in the
last years, especially regarding high spatial resolution and low
dose imaging that have been the key focus of previous investi-
gations. Nonetheless, the spectrum of capabilities of SPCCT at its
full potential is much broader [1]. SPCCT provides photon by pho-
ton energy-dependent information sorted in multiple energy bins,
improving the sampling of the transmitted spectrum leading to a
more accurate energy resolution and material decomposition [2].
While the potential of this spectral data has already been demon-
strated on dual-energy systems with energy-integrating detectors
(EID), particularly for vascular and perfusion imaging [3,4], infor-
mation is lacking about these applications with SPCCT.

In this letter, we wished to report our preliminary in-vitro and
in-vivo experience with the multi-energy resolving capabilities of
a new large field of view (FOV) prototype SPCCT system adapted to
clinical use.

The SPCCT system is a large FOV (500 mm in-plane) prototype
equipped with PCD, the technical characteristics of which are pro-
vided in Table 1. Each channel offers pulse-height discrimination
with five controllable energy thresholds. The current full spectral
image reconstruction chain follows a two-step approach. First, the
photon counts from the five energy bins are used to provide con-
ventional CT images. Thereafter, spectral images are derived by
performing projection domain material decomposition into two or
three basis materials using a forward projection model (per detec-
tor), literature energy dependent attenuation data, and a maximum
likelihood based algorithm taking into account the Poisson noise
distribution of the measured data [5]. Pile-up and precise detector
response corrections are based on calibration data. In a subsequent
step, each single basis material is reconstructed separately using a
filtered back-projection reconstruction algorithm [6].
The SPCCT system was first tested using phantoms. Ten 1.5 mL
polypropylene tubes with known pre-calibrated concentrations of
iodine (0.1 to 15 mg/mL) and one control tube were scanned in an
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PCCT: Spectral photon counting CT; FOV: Field of view; SD: Standard deviation.

nthropomorphic thorax phantom (QRM thorax phantom, GmbH)
t 120 kVp and 200 mAs  in axial mode. Nominal energy thresholds
ere set at 30, 51, 62, 72, 81 keV, as optimized for dual contrast

gent imaging (i.e., for iodine plus Gd or Au k-edge imaging, since,
or instance, the k-edge value of Gd is of 50.2 keV) [1,7]. Con-
entional and material decomposition (iodine-water basis) images
ere reconstructed using 2 × 8 downsampling on the sinograms,

00 mm FOV, 512 × 512 mm2 matrix size, 2 mm slice width and
 Detailed 2 filter (Fig. 1). Equal-sized circular regions-of-interest
ere manually placed in the middle of each tube to measure

odine concentrations. Linear regression analysis showed strong
orrelation (R2 = 0.99; slope = 0.94; and offset on the y-axis = 0.03)
etween prepared and measured concentrations (Fig. 1, Table 2).
he intraclass correlation coefficient (ICC), calculated with a two-
ay mixed effects model, was  very good (ICC = 1; 95% confidence

nterval: 0.99–1) [8].
For in vivo vascular imaging of the neck, a standard carotid

rtery protocol was  employed in one patient. A total of 40 mL  of
odinated contrast agent (iomeprol, Iomeron®400, Bracco Imaging)

as  injected at 4 mL/s followed by a saline flush of 20 mL.  Con-
entional, material decomposition (iodine-water basis) images and
irtual mono-energetic (VME) images at 40, 50, 60, 70 keV were
econstructed. VME  were generated using our in-house research

latform based on a linear combination of the iodine/water basis
aterial images. VME  displayed an increasing mean attenuation

alue with decreasing keV (312, 424, 605 and 896 HU at 70, 60,
0 and 40 keV respectively) and iodine maps yielded an objective
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Fig. 1. A: In vitro conventional and iodine material decomposition images: Iodine image shows material specific increase in signal (from 0.1 to 15 mg/mL of iodine), without
signal from the surrounding phantom material (displayed in the corresponding conventional image). B: linear regression analysis shows strong correlation between prepared
(x-axis)  and measured (y-axis) concentrations of iodine.

Table 2
SPCCT iodine quantification of tubes using an anthropomorphic thorax phantom.

Tube 1 Tube 2 Tube 3 Tube 4 Tube 5 Tube 6 Tube 7 Tube 8 Tube 9 Tube 10

[C◦] prepared 0.1 0.2 0.5 1 2 5 8 10 12 15
[C◦] measured 0.1 0.2 0.5 0.8 1.8 4.9 7.8 10.1 11 13.9
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Credit (Contributor Roles Taxonomy)
SEM  0.3 0.3 0.3 0.3 

[C◦]: concentration in mg/Ml. SEM: standard error of the mean; SPCCT: spectral pho

measurement of 12 mg/mL  of iodine within the common carotid
(Fig. 2). The same patient had a stenosis of the vertebral artery,
due to osteoarthritis. The 3.58 × 0.7 mm lumen of the artery (Fig. 2)
was clearly depicted thanks to the seemingly complete absence of
artifacts next to bones.

In this pilot study, phantom analyses showed strong linear
correlation (R2 = 0.99) between measured and prepared iodine con-
centrations in line with results obtained with the former small FOV
SPCCT system [7]. However, linear regression analysis showed a
minor underestimation of iodine concentrations in the absence of
offset correction, explicable by unresolved limitations of PCDs such
as photon scattering and pile-up. In-vivo carotid images demon-
strated, for the first time on a full FOV SPCCT system, visual
variations in contrast on VME  images and quantification capabili-
ties. These qualitative and quantitative spectral features have direct
applications in clinical tasks enabling variable iodine to soft tissue
contrast and accurate quantification of iodine concentrations. Com-
bined with high spatial resolution and artifact reduction, spectral
capabilities define SPCCT as a major tool in the future of cardio-
vascular imaging. Further investigations are needed focusing on
the clinical application of these contrast agent imaging features as
compared to dual-energy EID systems. Moreover, future advance-
ments in reconstruction algorithms specifically adapted to multiple

energy bins, including noise suppression techniques, are expected
to help further improve spectral resolution. y
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Fig. 2. In vivo arterial phase image of the carotid arteries. A: full field-of-view conventional image with zoomed virtual mono-energetic (VME 40, 50, 60, and 70 keV)
 and D
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: axial (B) and multiplanar reconstructed images (C, D) demonstrate presence of
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