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(F) Photon-counting CT: Principles and Current Developments

To complement the hands-on research experience, the following section summarizes
the technical foundation and development of Photon-counting CT (PCCT), with emphasis on
the Philips Spectral Photon-counting CT (SPCCT) system used at Louis Pradel Hospital in Lyon.

1. Technical Principles

Photon-counting CT represents a transformative advance in X-ray detector
technology. Unlike traditional energy-integrating detectors (EIDs), which convert X-ray
photons into visible light before electrical readout, photon-counting detectors (PCDs) directly
convert individual photons into electrical pulses using semiconductor materials such as
cadmium telluride (CdTe) or cadmium zinc telluride (CdZnTe, CZT). CZT is a modified form of



CdTe semiconductor, incorporating a small amount of zinc to improve crystal uniformity and
energy resolution. Each photon is individually counted and assigned to discrete energy bins,
enabling true spectral separation and multi-energy imaging in a single acquisition.

Compared with conventional CT, PCCT provides:

e Superior spatial resolution — voxel size around 250 um, allowing detailed visualization
of coronary plagues and stents.

e Reduced electronic noise — due to direct signal conversion without light
amplification.

e Improved dose efficiency — low-energy photons are effectively utilized.

e Intrinsic spectral discrimination — material decomposition achievable from one
source and one detector configuration.

2. Philips Spectral Photon-counting CT (SPCCT)

At Louis Pradel Hospital, the Philips SPCCT prototype utilizes a CZT-based single-layer
photon-counting detector with a 275 x 275 um pixel pitch and 1.76-cm collimation, operating
at a 0.33-second rotation time. Images are reconstructed at 0.25-mm slice thickness on a 1024
x 1024 matrix, generating isotropic ultra-high-resolution datasets.

This configuration enables high-fidelity coronary CT angiography with approximately
30% lower radiation dose compared with conventional EID CT. The system acquires high-
resolution morphological and energy-resolved data simultaneously. Through advanced
reconstruction algorithms, SPCCT performs voxel-based material decomposition, allowing
differentiation of iodine, calcium, and lipid signals within coronary plagues.

The study by Fahrni et al. (2025, Investigative Radiology), conducted by the same Lyon
SPCCT research group with which this fellowship was affiliated, demonstrated the diagnostic
performance of this system in very-high-risk coronary artery disease. SPCCT achieved 100%
sensitivity and 90% specificity for detecting =50% stenosis compared with invasive coronary
angiography, outperforming conventional CT (75% and 50%, respectively). Nearly 40% of
stenoses were reclassified under CAD-RADS 2.0 due to reduced blooming artifacts and
improved lumen quantification.

During this fellowship, | participated in the annotation and quantitative analysis of the
coronary SPCCT datasets forming part of this study, focusing on non-calcified plaque
segmentation, energy-dependent attenuation analysis, and spectral parameter interpretation
for tissue characterization.

3. Comparison of Major PCCT Systems

Photon-counting CT technology has now been developed by multiple manufacturers,
each adopting unique detector materials and design philosophies to optimize performance:

¢ Siemens Healthineers: The Naeotom Alpha (FDA-approved in 2021) employs CdTe
detectors optimized for high count-rate capability and long-term stability in routine



clinical settings, focusing on robust workflow and consistent spectral material
mapping.

e Philips Healthcare: The Spectral Photon-counting CT system uses CdZnTe (CZT)
detectors, a zinc-doped modification of CdTe that enhances crystal uniformity, energy
resolution, and thermal stability. This design supports quantitative spectral accuracy
and advanced plaque composition analysis.

e GE HealthCare: Develops deep-silicon detectors with vertically structured
microchannels designed for high photon flux and linear response, prioritizing
throughput and mechanical durability over fine spectral precision.

e Canon Medical Systems: Also employs CdZnTe (CZT) detectors in its photon-counting
platform, aiming for stable energy discrimination and integration into its existing
spectral CT ecosystem.

In summary, Philips, Siemens, and Canon rely on direct-conversion semiconductors (CdTe
or CZT), while GE adopts a fundamentally different deep-silicon architecture. Despite these
material and engineering distinctions, all aim to achieve accurate photon-by-photon energy
detection, reduce noise, and integrate morphological and spectral data acquisition within a
single scan.

4. Future Perspectives

Photon-counting CT enables concurrent acquisition of anatomical, compositional, and
functional data within one scan. In cardiac imaging, it enhances visualization of non-calcified
plagues, enables quantitative iodine and lipid mapping, and supports Al-assisted
reconstruction for improved diagnostic precision.

As detector materials, readout electronics, and spectral algorithms continue to
evolve, photon-counting CT is poised to transform from a morphological imaging tool into a
comprehensive platform for quantitative, functional, and tissue-specific cardiovascular
assessment, marking a new era in precision cardiac imaging.
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