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Abstract

Objective The aim of the current study was to systematically assess coronary artery calcium (CAC) detection and quantifica-
tion for spectral photon-counting CT (SPCCT) in comparison to conventional CT and, in addition, to evaluate the possibility
of radiation dose reduction.

Methods Routine clinical CAC CT protocols were used for data acquisition and reconstruction of two CAC containing
cylindrical inserts which were positioned within an anthropomorphic thorax phantom. In addition, data was acquired at 50%
lower radiation dose by reducing tube current, and slice thickness was decreased. Calcifications were considered detectable
when three adjacent voxels exceeded the CAC scoring threshold of 130 Hounsfield units (HU). Quantification of CAC (as
volume and mass score) was assessed by comparison with known physical quantities.

Results In comparison with CT, SPCCT detected 33% and 7% more calcifications for the small and large phantoms, respec-
tively. At reduced radiation dose and reduced slice thickness, small phantom CAC detection increased by 108% and 150% for
CT and SPCCT, respectively. For the large phantom size, noise levels interfered with CAC detection. Although comparable
between CT and SPCCT, routine protocols CAC quantification showed large deviations (up to 134%) from physical CAC
volume. At reduced radiation dose and slice thickness, physical volume overestimations decreased to 96% and 72% for CT
and SPCCT, respectively. In comparison with volume scores, mass score deviations from physical quantities were smaller.
Conclusion CAC detection on SPCCT is superior to CT, and was even preserved at a reduced radiation dose. Furthermore,
SPCCT allows for improved physical volume estimation.

Key Points

e In comparison with conventional CT, increased coronary artery calcium detection (up to 156%) for spectral photon-
counting CT was found, even at 50% radiation dose reduction.

e Spectral photon-counting CT can more accurately measure physical volumes than conventional CT, especially at reduced
slice thickness and for high-density coronary artery calcium.

o For both conventional and spectral photon-counting CT, reduced slice thickness reconstructions result in more accurate
physical mass approximation.
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Abbreviations
BAS Background Agatston score

CAC Coronary artery calcification
CTDIvol Volumetric CT dose index
DLCT Dual-layer CT

EID Energy integrating detector
HA Hydroxyapatite

HU Hounsfield units

IR Iterative reconstruction

PCD Photon-counting detector
ROI Region of interest

SD Standard deviation
SPCCT  Spectral photon-counting CT

Introduction

All major computed tomography (CT) manufacturers are
currently developing spectral photon-counting CT (SPCCT)
systems [1, 2]. The difference with conventional CT is the
fundamentally improved detector technology. Conven-
tional CT uses energy-integrating detectors (EID), while
PCCT uses photon-counting detectors (PCD). With PCD,
individual photons are counted within predefined energy
specific bins characterized by thresholds. This technology
reduces the influence of electronic noise by setting the low-
est threshold above the electronic noise [2]. Because elec-
tronic noise is superimposed on each pulse, when the widths
of the energy bins are set sufficiently wide, the impact of
electronic noise is only minor, reducing the resulting total
image noise [3-5].

With conventional EID, X-ray photons are converted to
visual light photons, which may affect neighboring detec-
tor pixels. This phenomenon is called optical cross talk,
which is limited by the highly reflective septa between
EID pixels. With PCD, X-ray photons are directly con-
verted into an electric signal without conversion to visual
light photons. Therefore, no reflective septa are needed
between PCD pixels, allowing for smaller detector pix-
els. Furthermore, small detector pixels are required for
SPCCT to allow for individual photons to be counted
without suffering from pulse pile-up effects [6—8]. This
decreased detector pixel size enhances spatial resolution
for SPCCT in comparison with conventional CT, both
in-plane and through-plane. In turn, increased spatial
resolution results in a decrease of partial volume effects
and blooming artefacts, which are especially important
for high-contrast materials such as iodinated contrast,
bone, and calcium.

An important use case for these major improvements
in CT technology is coronary artery calcium (CAC)
detection and quantification [9]. The highly significant
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association between CAC as characterized with CT, total
coronary atherosclerosis burden, and future adverse
cardiovascular events is well known [10]. Moreover,
ischemic heart disease caused by coronary plaque
remains, according to the World Health Organization,
the main cause of death worldwide [11]. Evaluation of
CAC detection and quantification with CT imaging are
thus recommended in guidelines for clinical risk predic-
tion in appropriately selected asymptomatic individuals,
resulting in a high number of CT examinations for CAC
assessment [12—14]. In this screening setting, accurate
and precise CAC assessment at a low radiation dose is
therefore key. Clinically, CAC is assessed according to
the Agatston methodology (120 kVp, 3 mm slice thick-
ness, 130 Hounsfield units (HU) CAC threshold) [15].
For routine protocols, based on the Agatston methodol-
ogy, SPCCT outcome is in agreement with conventional
CT [16]. In addition to the Agatston score, newer CAC
metrics have been introduced, which are related to the
physical measures of volume and mass [17, 18]. These
metrics have been shown to improve reproducibility of
CAC assessment with EID CT [19-21].

With current conventional CT systems, the accuracy of
CAC quantification is affected by blooming artefacts around
CAC, which increases inter- and intra-scan variability [9].
The effect of blooming on different CAC densities differs,
with underestimation and overestimation of low and high
density CAC, respectively. Moreover, due to partial volume
averaging effects, small CAC may not be detected, as the
conventional Agatston scoring threshold of 130 HU may not
be reached. A systematic assessment of the influence of PCD
in comparison with EID for CAC detection and quantifica-
tion of different densities of CAC is lacking.

Furthermore, due to the reduced impact of electronic
noise on SPCCT images, data acquisition for CAC assess-
ment could potentially be performed at a reduced radia-
tion dose, while maintaining image quality in comparison
with EID [2, 4, 22]. The combination of SPCCT acquisi-
tions at a reduced radiation dose, in combination with
iterative reconstruction (IR), could theoretically further
decrease radiation dose burden. Several studies indicated
that CT radiation dose reduction with the use of IR did
not affect CAC scores compared to routine radiation dose
and reconstruction [23-30]. However, for these studies,
images were acquired with conventional EID CT. The
impact of IR on CAC scores for images acquired with
PCD remains unknown.

The aim of the current study is therefore twofold.
First, we systematically assess CAC detection and quan-
tification for SPCCT in comparison with conventional
CT, and second, we evaluate the possibility of dose
reduction.
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Materials and methods
Phantom

Anthropomorphic phantoms were used to assess the poten-
tial of SPCCT to improve CAC detectability and quan-
tification. We used two setups, which both consisted of
an anthropomorphic (cardio)thoracic CT phantom (QRM
Thorax, QRM GmbH), in combination with a task-spe-
cific cylindrical insert. For the detectability task, the D100
(D100, QRM GmbH) insert was used. This insert con-
tained 100 cylindrical calcifications, divided over four
planes, where each plane consisted of a 5 X 5 matrix of
calcifications. The diameter and length of all calcifica-
tions were identical, and ranged from 0.5 to 2.0 mm. The
densities of the calcifications ranged from 90 to 540 mg
hydroxyapatite (HA) cm™>. The quantification task was
assessed with the Cardiac Calcification Insert (CCI, QRM
GmbH), which contained three cylindrical (5.0 mm in
length and diameter) calcifications with densities of 800,
400, and 200 mgHAcm™>, designated as high, medium,
and low density, respectively [17, 31]. The CCI insert also
contained two large calibration rods, consisting of water-
equivalent and 200 mgHAcm™> materials, which were
used to calculate a mass calibration factor as described by
McCollough et al. [17].

To further assess the influence of radiation dose on CAC
scoring with SPCCT, two phantom sizes were assessed by
adding a tissue-equivalent extension ring (QRM Exten-
sion Ring, QRM GmbH) to the anthropomorphic tho-
rax phantom. The resulting dimensions of the phantom
were 300 mm X 200 mm without an extension ring, and
400 mm X 300 mm with an extension ring, which simulates
a small- and a large-sized patient, respectively [17].

Acquisition and reconstruction parameters

Data acquisition was performed on two CT systems from one
manufacturer. First, a conventional dual-layer CT (DLCT)
(IQon Spectral CT, Philips Healthcare) was used, which uses
EID for image acquisition. Second, a prototype full field-of-
view SPCCT system (Spectral Photon Counting CT, Philips
Healthcare) was used, which uses novel PCD technology for
image acquisition.

For both phantom sizes, routine clinical CAC protocols
recommended by the vendor for conventional CT were used
on both CT systems (Table 1). In addition to standard recon-
struction parameters (3 mm slice thickness and IR level 0),
raw data was also reconstructed at 1-mm slice thickness, and
with IR levels 3 and 5. Furthermore, to assess the potential
of radiation dose reduction, tube currents were reduced by
50% for each phantom size. Each scan was repeated five
times, with manual repositioning between each scan (2 mm
translation, 2° rotation).

Table 1 Routine clinical CAC

- i Parameter DLCT SPCCT
acquisition and reconstruction
parameters for DLCT. SPCCT CT system IQon SPCCT
parameters were matched to this . . .
. Technique Sequential Sequential
as closely as possible
Tube voltage (kVp) 120 120

Tube current time product (mAs)

Automatic exposure correction
Focal spot

Collimation (mm)

Field of View (mm)

Rotation time (s)

Slice thickness, increment (mm)
Reconstruction kernel

Matrix size (pixels)
Reconstruction (iDose level)
Volume CT dose index (mGy)

Small phantom: 40!
Large phantom: 80"

Off
Standard
64 x0.625
220

0.27
3.0-3.0
1Qon-Std-B
512x512

0

Small phantom: 4.5
Large phantom: 9.4

Small phantom: 40"
Large phantom: 80!

Off
Small?
64%0.275

220

0.33

3.0-3.0
SPCCT-Std-B?
512512

0

Small phantom: 4.0
Large phantom: 8.1

"Reference tube current from routine clinical protocol for DLCT

2The small focal spot is the only available option for the current clinical SPCCT prototype

3Despite differences in detector pixel size, reconstruction kernel and reconstruction algorithm for SPCCT,
reconstruction parameters for SPCCT were optimized by the manufacturer to get comparable results as

with DLCT

DLCT, dual-layer computed tomography; SPCCT, spectral photon-counting computed tomography
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Analysis

For all reconstructions, CAC scores were determined with
the use of a previously validated, in-house developed open-
source Python script (Python version 3.7) [32, 33]. To obtain
CAC scores which were equal to CAC scores calculated with
the vendor-specific software, vendor-specific implementa-
tions of both the volume and mass score were used [15, 18].
For both metrics, a CAC scoring threshold of 130 HU was
used. Furthermore, only groups of connected voxels with a
minimum in-plane area of 0.5 mm? were taken into consid-
eration for CAC scoring. For the used reconstruction param-
eters, with a reconstructed pixel spacing of 0.43 x 0.43 mm?
(220 mm field-of-view and 512 X 512 matrix), this resulted
in a minimum of 3 horizontally or vertically connected vox-
els. Finally, no interpolation was used for the volume score
calculation.

Image noise (standard deviation [SD]) was determined in
a large square (128 x 128 voxels) region-of-interest (ROI) of
uniform background material. In addition, a false-positives
analysis was performed, to assess the extent of erroneous
detection of CAC in locations where no CAC was present.
False positives were defined as groups of voxels> 0.5 mm?
with CT values exceeding 130 HU in the D100 phantom
with the largest and highest density CAC, where the known
CAC locations were masked [32, 33]. This resulted in a
background Agatston score (BAS). Reconstructions with
BAS >0 were defined as non-diagnostic for CAC detection
assessment, as it was uncertain if CAC was detected or if a
CAC score was calculated based on only noise. As a result,
all repetitions of the D100 insert with BAS >0 were dis-
carded for CAC detection analysis.

Due to the large size of the CCI calcifications, CAC
localization for this insert was not hampered by reconstruc-
tions with BAS > 0. Therefore, all reconstructions of the
CClI insert were taken into consideration for CAC quantifi-
cation. Reconstructions with BAS > 0 could result in a slight
increase in resulting CAC scores.

For all reconstructions, CAC scores were determined for
each of the 100 calcifications of the D100 insert. For each
combination of CT system, phantom size, IR level, slice
thickness, and radiation dose level, detectability was defined
as the ability to calculate a CAC score for each individual
calcification.

For each calcification of the CCI insert, volume and mass
scores were determined. For each combination of CT sys-
tem, phantom size, IR level, slice thickness, radiation dose
level, and CAC density, CAC scores were compared with the
physical values, a volume of 96.2 mm? for all calcifications,
and mass of 78.5, 39.3, and 19.6 mg for high-, medium-,
and low-density CAC, respectively. Over- and/or underes-
timations of physical volume and mass were calculated by
dividing the calculated value by the physical value.

Results

Reference volume CT dose indices (CTDI, ;) for the small
phantom were 4.5 and 4.0 mGy, for DLCT and SPCCT,
respectively. For the large phantom, reference CTDI,,
was 9.4 and 8.1 mGy, respectively (Table 1). Resulting
image noise levels for all radiation dose levels are shown
in Table 2. Several combinations of phantom size, radiation
dose reduction, and IR level resulted in false-positive CAC
detection (BAS >0) (Table 2). The number of repetitions

Table 2 Image noise (SD) levels in HU, presented as median (total range) for both DLCT and SPCCT, both phantom sizes, three IR levels, and
both radiation dose levels. Image noise levels which lead to BAS > 0 for one or more repetitions are indicated in italics

CT system Phantom size IR level 3 mm slice thickness 1 mm slice thickness
100% dose 50% dose 100% dose 50% dose
DLCT Small 0 15.4 (15.2-16.9) 22.3 (14.7-23.0) 28.4 (17.7-29.1) 38.8(24.4-40.1)
3 8.2 (8.0-13.3) 17.4 (11.5-18.1) 22.2(13.8-22.7) 30.2 (19.0-31.2)
5 6.7 (6.7-11.0) 14.3 (9.5-14.9) 18.1 (11.3-18.7) 24.6 (15.5-25.6)
Large 0 28.8(27.7-33.1) 41.6 (37.9-43.2) 49.0 (48.4-53.0) 66.7 (66.2-70.2)
3 22.7(21.8-27.1) 33.0(29.7-34.4) 38.1(37.7-42.1) 52.0(51.7-55.2)
5 18.8 (17.9-23.4) 27.6 (24.5-29.3) 31.2(30.9-35.2) 42.7 (42.2-45.6)
SPCCT Small 0 14.1 (13.9-14.3) 19.8 (19.2-21.3) 23.5(23.0-23.9) 33.1(32.4-37.6)
3 11.3(11.1-11.4) 15.8 (15.3-16.9) 18.5 (18.1-18.8) 26.0 (25.5-29.4)
5 9.5(9.3-9.6) 13.3 (12.9-14.1) 15.3 (15.0-15.6) 21.6 (21.2-24.2)
Large 0 28.4 (28.1-28.8) 41.3 (40.5-44.4) 46.4 (46.1-47.3) 70.5 (67.3-78.4)
3 22.7 (22.5-23.1) 33.0(32.4-35.3) 37.0 (36.3-37.3) 55.5(53.0-56.3)
5 19.1 (18.9-19.5) 27.8 (27.3-29.6) 30.8 (30.1-31.0) 46.4 (44.5-46.7)

DLCT, dual-layer CT; SPCCT, spectral photon-counting CT; BAS, background Agatston score; IR, iterative reconstruction
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Table 3 Number of repetitions,

; CT system Phantom size IR level 3-mm slice thickness 1-mm slice thickness
out of the total of five, which
did not lead to false positives 100% dose 50% dose 100% dose 50% dose
(BAS =0). These repetitions
were considered to be of DLCT Small 0 5 5 5 2
diagnostic quality for CAC 3 5 5 5 5
detection purposes 5 5 5 5 5
Large 0 4 3 1 0
3 5 2 0 0
5 5 3 0 0
SPCCT Small 0 5 5 5 5
3 5 5 5 5
5 5 5 5 5
Large 0 5 2 0 0
3 5 4 5 0
5 5 5 5 0

DLCT, dual-layer CT; SPCCT, spectral photon-counting CT; BAS, background Agatston score; IR, iterative

reconstruction

which were of diagnostic quality for CAC detection is shown
in Table 3. For these repetitions, BAS did not exceed 0 and
it was certain that noise did not lead to false-positive CAC
detection.

Detectability results (D100 insert)

Representative images and the total number of detected cal-
cifications for both CT systems, phantom sizes, slice thick-
ness, and radiation dose levels are shown in Figs. 1 and 2,
respectively. In comparison with DLCT, SPCCT showed an
overall superior CAC detectability. For the routine clinical
protocol (3 mm slice thickness, 100% radiation dose and
IR level 0), DLCT detected a median (range) number of
12 (11-16) and 14 (13-16) out of 100 calcifications for
the small and large phantoms, respectively. For SPCCT,
CAC detection increased to 16 (14-23) and 15 (14-17),
respectively.

At areduced slice thickness of 1 mm, the median number
of detected calcifications in the small phantom increased
by 142% for DLCT and by 156% for SPCCT. For the large
phantom, reduced slice thickness resulted in non-diagnostic
image quality for CAC detection (BAS > 0) for DLCT for all
reconstructions. For SPCCT, this was only the case when IR
level 0 was used. However, changing IR level to 3 enabled
satisfying image quality and increased median CAC detec-
tion by 127% for the large phantom in comparison with the
routine clinical protocol.

At both reduced slice thickness and reduced radiation
dose, noise levels were too high for the large phantom for
both DLCT and SPCCT with all IR levels, resulting in non-
diagnostic image quality for CAC detection (BAS > 0). For
the small phantom, however, median CAC detection was still
increased in comparison with 100% dose and 3-mm slice

thickness when appropriate IR levels were selected (Fig. 2).
For DLCT at 50% dose and 1-mm slice thickness with IR
level 0, the median (range) number of detected calcifica-
tions was 25 (24-26), which is equal to an increased CAC
detection of 108% in comparison with the routine clinical
protocol. For SPCCT with IR level 0, the median (range)
number of detected calcifications was 40 (39-44), which is
equal to an increased CAC detection of 150% in comparison
with the routine clinical protocol.

Quantification results (CCl insert)

Routine clinical CAC protocols (100% dose, 3 mm slice
thickness, and IR level 0) resulted in comparable volume
scores for the CCI insert between DLCT and SPCCT, inde-
pendent of phantom size or CAC density (Figs. 3 and 4).
However, especially for the high-density calcifications, large
deviations from the physical volume of the calcifications
were shown. For DLCT, small phantom volume scores from
routine clinical protocols overestimated physical volume by
(median (range)) 116% (110 to 157%), 62% (56 to 106%),
and 21% (15 to 23%) for high, medium, and low CAC den-
sity, respectively. For SPCCT, small phantom volume scores
overestimated physical CAC volume for routine clinical
protocols by 134% (131 to 138%), 93% (50 to 96%), and
16% (7 to 24%) for high, medium, and low CAC density,
respectively.

In comparison to volume scores, deviations from physical
quantities were in general smaller for mass scores (Fig. 4).
For DLCT, small phantom mass scores from routine clinical
protocols deviated from physical mass by (median (range))
9% (4 to 13%),—5% (— 8 to 2%), and — 10% (— 18 to—7%)
for high, medium, and low CAC density, respectively. For
SPCCT, small phantom mass scores deviated from physical
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Fig. 1 Representative images
for the D100 insert placed in
the small and large phantoms,
for DLCT and SPCCT for
routine clinical protocols (100%
radiation dose, IR level 0- and
3-mm slice thickness) and

50% reduced radiation dose.
Voxels exceeding the CAC
scoring threshold of 130 HU
are indicated in red. An asterisk
indicates reconstructions for
which BAS>0

CAC mass by 5% (2 to 7%),—3% (—7 to—1%), and —23%
(=27 to—13%) for high, medium, and low CAC density,
respectively.

The influence of radiation dose, IR levels, and phantom
size on volume approximation was only minor (Fig. 3).
Howeyver, reconstructions at reduced slice thickness reduced

@ Springer

100%

50%

partial volume effects, and therefore improved volume scores
substantially, in particular for high-density CAC and SPCCT.
For DLCT at routine dose, 1-mm slice thickness, and IR
level 0, small phantom volume scores were overestimated by
96% (91 to 101%), 57% (49 to 61%), and 20% (12 to 24%),
again for high, medium, and low CAC density, respectively.
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Fig.2 Box and whisker for the

total number of detected CAC

from the 100 present CAC in

the D100 insert for the small

(upper) and large (lower) phan- 507
tom sizes. Results are shown for

both used slice thicknesses and

radiation dose levels 40

30

20+

10 1

|
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For SPCCT, this volume overestimation was 72% (71 to
83%), 48% (35 to 50%), and 16% (12 to 22%). In compari-
son with DLCT, SPCCT showed superior physical volume
depiction for all CAC densities at reduced slice thickness.
Physical mass approximation improved for reduced
slice thickness for both CT systems and all CAC densi-
ties (Fig. 4). For both CT systems, the largest decrease in
physical mass deviation was shown for the low-density
CAC. DLCT small phantom deviation from physical
mass at 1-mm slice thickness, 100% radiation dose, and
IR level 0 in median (range) was 8% (7 to 14%), 1% (-1
to 5%), and —3% (— 8 to — 1%) for high, medium, and low
CAC density, respectively. SPCCT mass scores deviated

3mm

| | |
50% 100% 50%

1T mm

Slice thickness - Radiation dose

from physical mass by 4% (3 to 5%), 1% (-1 to 3%),
and — 8% (—9 to—7%) for high, medium, and low CAC
density, respectively. Changes in physical mass approxi-
mation for changes in radiation dose for both CT systems,
slice thickness, and IR were only minor.

Discussion
The current study shows superior CAC detectability
for SPCCT in comparison with DLCT. SPCCT shows

improved CAC detection (up to 156%) at reduced slice
thickness, even at 50% radiation dose. SPCCT can more

@ Springer
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Fig.3 Box and whisker plots of the volume scores for CCI insert
CAC. Results are shown for small (upper) and large (lower) phantom
dimensions, high (a and d)/medium (b and e)/low (c and f) CAC den-

accurately measure physical volumes, especially at
reduced slice thickness and for high-density CAC. Both
DLCT and SPCCT show more accurate physical mass at
reduced slice thickness.

Detection of small and low-density calcifications is clini-
cally relevant, due to the important role of zero CAC scores
for the risk estimation of cardiovascular disease [34]. The
sensitivity of CT for the detection of small or low-density
CAC can be increased by thinner reconstructed slices. How-
ever, thinner slices yield an increase in image noise, when
radiation dose is kept constant. This can be counteracted by
the use of increased levels of IR [35, 36]. The application of
IR can, however, impact CAC quantification as CAC can be
removed from the image [25, 37-40]. In the current study,
CAC detection using SPCCT improved by up to 141% with
reduced slice thickness at only 50% of the clinical radia-
tion dose level. For the large phantom size, increased CAC
detection of 113% was shown for reduced slice thickness at
clinical radiation dose at IR level 3. For both phantom sizes,
physical volume approximation improved for large CAC.

To the best of our knowledge, our study is the first to
systematically assess CAC detection and quantification
at reduced slice thickness and reduced radiation dose for
SPCCT systems. Other studies did however assess CAC

@ Springer

sity, both CT systems, three IR levels, two slice thicknesses, and both
radiation dose levels. The dashed line indicates the total physical vol-
ume of the calcifications (96.2 mm?)

quantification on SPCCT. Our results corroborate the recent
study by Sandstedt et al., who also showed improved CAC
volume quantification for SPCCT at standard radiation dose
[9]. In that study, however, a SPCCT system with limited
FOV was used, and radiation dose reduction was not applied.
Also, the exact densities of the used CAC were unknown.
Our results are also in-line with a recent publication by
Symons et al., who showed improved CAC CNR for SPCCT,
which could potentially reduce CAC score radiation dose
while maintaining diagnostic image quality [5].

The systematic nature of our study provides insight in
CAC detection and the quantification potential of SPCCT
for different densities, radiation dose levels, slice thick-
nesses, and IR levels. Our study also has some limitations.
First, a non-commercial SPCCT system was used for our
evaluation. Second, our study was based on static phantom
data since the rotation gantry rotation time of the used
prototype SPCCT system is not optimized yet. Despite the
anthropomorphic nature of the phantom with in vivo lin-
ear attenuation coefficients, coronary motion and complex
internal structures were not taken into account. This could
be assessed with a dynamic anthropomorphic phantom in
a follow-up study on the next version of the prototype.
Using a static phantom did, however, provides us with
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Fig.4 Box and whisker plots of the mass scores for CCI insert
CAC. Results are shown for small (upper) and large (lower) phan-
tom dimensions, high (a and d)/medium (b and e)/low (c and f) CAC
density, both CT systems, three IR levels, two slice thicknesses, and

the opportunity to systematically assess CAC detection,
without any influence of motion artefacts. Finally, SPCCT
parameters for this study were only based on clinical con-
ventional CT values. Further improvements for SPCCT
CAC detection and quantification are likely for SPCCT-
specific protocol optimizations.

In conclusion, CAC detection on SPCCT is superior
to DLCT, and was even preserved at a reduced radiation
dose. Furthermore, SPCCT allows for improved physical
volume approximation.
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