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Abbreviations

EID
energy integrating detector

PCD
photon-counting detector

FOV
field-of-view

UA
uric acid

NUA
non–uric acid

CTDIvol

volume CT dose index

CTR
CT number ratio

ROC
receiver operating

characteristic

AUC
area under the ROC curve

Rational and Objectives: This study aims to investigate the performance of a whole-body, photon-
counting detector (PCD) computed tomography (CT) system in differentiating urinary stone composition.

Materials and Methods: Eighty-seven human urinary stones with pure mineral composition were placed
in four anthropomorphic water phantoms (35–50 cm lateral dimension) and scanned on a PCD-CT system
at 100, 120, and 140 kV. For each phantom size, tube current was selected to match CTDIvol (volume
CT dose index) to our clinical practice. Energy thresholds at [25, 65], [25, 70], and [25, 75] keV for
100, 120, and 140 kV, respectively, were used to generate dual-energy images. Each stone was au-
tomatically segmented using in-house software; CT number ratios were calculated and used to differentiate
stone types in a receiver operating characteristic (ROC) analysis. A comparison with second- and third-
generation dual-source, dual-energy CT scanners with conventional energy integrating detectors (EIDs)
was performed under matching conditions.

Results: For all investigated settings and smaller phantoms, perfect separation between uric acid and
non–uric acid stones was achieved (area under the ROC curve [AUC] = 1). For smaller phantoms, per-
formance in differentiation of calcium oxalate and apatite stones was also similar between the three
scanners: for the 35-cm phantom size, AUC values of 0.76, 0.79, and 0.80 were recorded for the second-
and third-generation EID-CT and for the PCD-CT, respectively. For larger phantoms, PCD-CT and the
third-generation EID-CT outperformed the second-generation EID-CT for both differentiation tasks:
for a 50-cm phantom size and a uric acid/non–uric acid differentiating task, AUC values of 0.63, 0.95,
and 0.99 were recorded for the second- and third-generation EID-CT and for the PCD-CT, respectively.

Conclusion: PCD-CT provides comparable performance to state-of-the-art EID-CT in differentiating
urinary stone composition.
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INTRODUCTION

C onventional x-ray computed tomography (CT)
systems rely on energy integrating detectors (EIDs),
which generate an output signal that is proportion-

al to the amount of energy deposited by the detected x-ray.

Therefore, EID-CT systems inherently penalize the contri-
bution of low-energy x-ray photons, which are the photons
that carry the most contrast information for biological tissues
and contrast media.

In recent years, a number of preclinical photon-counting
detector (PCD) CT systems were introduced (1–3). Unlike
EID-CT, PCD-CT systems directly convert each detected
x-ray photon into individual pulses with amplitudes propor-
tional to the energy of the incoming photon. Each individual
pulse is counted separately through the use of fast electron-
ics. The equal contribution of each detected photon regardless
of their energy (4,5), combined with a reduced influence of
electronic noise, results in improved contrast-to-noise ratio
for PCD-CT when compared to EID-CT techniques (6). Ad-
ditionally, PCD-CT can provide acquisitions with full field-
of-view (FOV), fully registered data, stability against motion
artifacts, no cross scatter from a second x-ray tube, and the
ability to configure more than two energy thresholds. Finally,
all measurements provide multienergy information,
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enabling the application of dual-energy or multienergy post-
processing algorithms for every scan.

The system utilized in this study is a whole-body PCD-
CT research system (SOMATOM CounT; Siemens Healthcare,
Forchheim, Germany) (7–9). Preliminary in vivo animal and
human studies demonstrated its ability to provide CT images
of diagnostic quality for several applications, including
unenhanced and iodine-enhanced abdominal imaging (10,11).

Renal stone characterization has been one of the most es-
tablished clinical applications of dual-energy CT to date.
Current state-of-the-art dual-energy CT systems can
noninvasively separate uric acid (UA) from non–uric acid
(NUA) stones, with near 100% accuracy at the same radia-
tion dose as routine, single-energy renal stone CT examinations,
providing valuable information to the ordering physician to
guide treatment options (12). Therefore, in this work, we char-
acterized ex vivo the performance of a PCD-CT system in
differentiating the mineral composition of urinary stones and
compared it to two commercial dual-energy EID-CT systems.
As one of the potential advantages of PCD-CT is the ability
to add spectral information to any CT examination and since
low-tube potential imaging is a popular and effective method
to reduce radiation dose, especially in contrast-enhanced ab-
dominal CT scans, we extended the characterization to lower
tube potential.

MATERIALS AND METHODS

Institutional Review Board protocol approval was not re-
quired for this nonpatient study. However, biospecimen
approval was obtained from the institutional biospecimen
committee.

Stone Samples

A set of 87 urinary stones was investigated, including UA
(n = 17), cystine (n = 5), calcium oxalate (n = 30), brushite
(n = 5), and apatite (n = 30). Reference composition was given
by micro-CT and infrared spectroscopy (13). Only stones with
purity higher than 90% were included in the cohort, with

one stone sample selected from each individual patient. The
stones were hydrated for 24 hours before being embedded
in gelatin in two 60-well ice cube trays and placed in four
torso-shaped water tanks with lateral dimensions of 35, 40,
45, and 50 cm, which were used to represent small, average,
large, and obese adults, respectively. Figure 1 shows the ex-
perimental setup.

PCD-CT Data Acquisition and Reconstruction

All phantoms were scanned on a whole-body, PCD-CT re-
search system. Three different tube potentials were investigated:
100, 120, and 140 kVp. For each tube potential, the thresh-
old that resulted in the most uniform distributions of the
detected x-rays between the low and high bin was selected.
Figure 2 shows the detected energy spectra for the three set-
tings used.

As the scanned objects exceeded the 275-mm FOV of the
PCD subsystem, a data-completion scan from the EID sub-
system (500-mm FOV) was used to obtain artifact-free images.
This additional scan has been shown to be successfully per-
formed using very low radiation doses (14). For each phantom
size, the tube output was selected to match the volume CT
dose index (CTDIvol) to our clinical practice. Table 1 sum-
marizes the PCD-CT acquisition parameters used for all scans.

Dual-energy PCD-CT data were obtained whereby the low-
energy image included x-rays with energies between the two
detector thresholds (eg, 25–65 keV), and the high-energy image
included x-rays with energies above the higher detector energy
threshold (eg, 65–100 keV). All images were reconstructed
using the protocol parameters adopted in our clinical prac-
tice for renal stone composition: weighted filtered-
backprojection reconstruction, 275-mm FOV, 1.0-mm thick
slices with 0.8-mm slice interval, and a medium-sharp soft-
tissue D30f reconstruction kernel.

Image Processing and Classification Analysis

Kidney stones were automatically segmented using previ-
ously validated in-house software (15). Metrics describing

Figure 1. Experimental setup.
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