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After nearly a decade of preclinical work, energy-re-
solving photon-counting detector (PCD) CT became 

commercially available in 2021 (1,2). PCD CT has sev-
eral benefits relative to energy-integrating detector (EID) 
CT (1,3–6). PCDs resolve the energy of detected pho-
tons and, with the use of a low energy threshold above 
the electronic noise level, are able to avoid the nonlinear 
increase in image noise at low detected dose levels. Fur-
ther, PCD images exhibit increased bone and iodine en-
hancement relative to EID images, and PCDs can achieve 
spatial resolutions as good as 125 μm without the loss of 
geometric dose efficiency seen with EIDs (7–10). When 
PCDs are used in a dual-source geometry, the energy-
resolved data allow cardiac multienergy imaging with a 
temporal resolution of 66 msec (2).

Coronary CT angiography provides minimally inva-
sive imaging of coronary anatomy and is considered a 
first-line diagnostic tool in the setting of suspected coro-
nary artery disease (11). Increased evidence of the value 

of coronary CT imaging from prospective multicenter 
trials has resulted in changes to clinical guidelines, most 
notably recommending its use during initial workup of 
cardiac symptoms, such as in patients presenting to the 
emergency department with chest pain (12). However, 
the presence of densely calcified plaque can severely 
limit the diagnostic value of the examination, with up 
to 11% of coronary CT angiograms rendered nondiag-
nostic (13,14).

Signal blooming is caused by insufficient spatial reso-
lution in regions of high attenuation. Virtual monoen-
ergetic images (VMIs) constructed using high photon 
energies (eg, 100 keV) demonstrate decreased calcium 
blooming because of the decreased attenuation of cal-
cium at those energies. Hence, it is not surprising that 
the improved spatial resolution of PCD CT, coupled 
with the use of high-energy VMIs, has been shown in 
phantoms and cadaveric specimens to decrease blooming 
artifacts from calcified plaques compared with EID CT 

Background: Compared with energy-integrating detector (EID) CT, the improved resolution of photon-counting detector (PCD) CT 
coupled with high-energy virtual monoenergetic images (VMIs) has been shown to decrease calcium blooming on images in phantoms 
and cadaveric specimens.

Purpose: To determine the impact of dual-source PCD CT on visual and quantitative estimation of percent diameter luminal stenosis 
compared with dual-source EID CT in patients.

Materials and Methods: This prospective study recruited consecutive adult patients from an outpatient facility between January and 
March 2022. Study participants underwent clinical dual-source EID coronary CT angiography followed by a research dual-source 
PCD CT examination. For PCD CT, multienergy data were used to create VMIs at 50 and 100 keV. Two readers independently 
reviewed EID CT images followed by PCD CT images after a washout period. Readers visually graded the most severe stenosis in 
terms of percent diameter luminal stenosis for the left main, left anterior descending, right, and circumflex coronary arteries, unblinded 
to scanner type. Quantitative measures of percent stenosis were made using commercial software. Visual and quantitative estimates of 
percent stenosis were compared between EID CT and PCD CT using the Wilcoxon signed-rank test.

Results: A total of 25 participants (median age, 59 years [range, 18–78 years]; 16 male participants) were enrolled. On EID CT 
images, readers 1 and 2 identified 39 and 32 luminal stenoses, respectively, with a percent diameter luminal stenosis greater than 0%. 
Visual estimates of percent stenosis were lower on PCD CT images than EID CT images (reader 1: median 20.6% [IQR, 8.8%–
61.2%] vs 31.8% [IQR, 12.9%–69.7%], P < .001; reader 2: 6.5% [IQR, 0.4%–54.1%] vs 22.9% [IQR, 1.8%–67.4%], P = .002). 
No difference was observed between EID CT and PCD CT for quantitative measures of percent stenosis (median difference, −1.5% 
[95% CI: −3.0%, 2.5%]; P = .51).

Conclusion: Relative to using EID CT, using PCD CT led to decreases in visual estimates of percent stenosis.
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(6,15–19). In these studies, PCD CT and high-energy VMIs 
have demonstrated more accurate quantification of calcified 
plaques relative to the reference standard. That is, the smaller 
percent diameter luminal stenosis values from PCD CT were 
always closer to the ground truth due to the reduction in cal-
cium blooming. Initial experiences performing coronary CT 
angiography in patients using PCD CT have shown the prom-
ising potential of this novel technology (20–22). We hypothe-
size that, as in phantom studies, the percent 
diameter luminal stenosis at PCD CT will 
be lower than at EID CT. This prospective 
study aims to determine the impact of dual-
source PCD CT on visual and quantitative 
estimations of percent diameter luminal ste-
nosis compared with dual-source EID CT 
in patients clinically indicated for CT.

Materials and Methods

Participants
This prospective, institutional review 
board–approved, Health Insurance Porta-
bility and Accountability Act–compliant 
study recruited consecutive adult patients 
who underwent clinically indicated con-
trast-enhanced coronary CT angiography 
between January 2022 and March 2022. 
Participants were excluded if they were 
unable to provide informed consent, were 
pregnant, had an estimated glomerular 
filtration rate less than 60 mL/min/1.73 
m2, or had negative reactions to medi-
cations administered during the clinical 
EID CT examination (Fig 1). After writ-
ten informed consent, a research PCD 
CT examination was performed on the 
same day.

Abbreviations
CAD-RADS = Coronary Artery Disease Reporting and Data System, 
EID = energy-integrating detector, PCD = photon-counting detector, 
VMI = virtual monoenergetic image

Summary
In patients clinically indicated for cardiac CT, photon-counting 
detector CT images demonstrated decreased calcium blooming 
compared with energy-integrating detector CT images, resulting in 
decreased visual estimates of percent diameter luminal stenosis.

Key Results
■	 In 25 patients who underwent energy-integrating detector (EID) 

and photon-counting detector (PCD) CT, visual estimates of 
lumen stenosis were lower at PCD CT than EID CT (reader 1: 
median difference, −5.3%, P < .001; reader 2: median difference, 
−7.2%, P = .002).

■	 No difference was observed for quantitative estimates of lumen 
stenosis at PCD CT versus EID CT (median difference, −1.5%;  
P = .51).

Imaging Procedures
EID CT scans were acquired using dual-source CT (SOMATOM  
Force; Siemens Healthineers) and our clinical protocol, which 
uses heart rate and indication to select the acquisition mode: 
adaptive prospectively triggered sequential mode with at least a 
65%–75% acquisition window for patients with a heart rate less 
than 75 beats per minute and adaptive retrospectively gated spi-
ral mode for patients with a heart rate of 75 beats per minute or 
greater or an unstable heart rate or when systolic imaging is indi-
cated. Tube potential was automatically selected using CARE kV 
with the following settings: reference kilovoltage, 120; slider bar, 
8; quality reference tube current–time product, 120 mA · sec; 
rotation time, 0.25 seconds; and collimation, 192 × 0.6 mm. 
Participants underwent PCD CT directly after EID CT.

PCD CT scans were acquired using a commercially available 
scanner (NAEOTOM Alpha, software version VA40; Siemens 
Health ineers) and an adaptive prospectively triggered sequential 
protocol with a 65%–75% acquisition window, 120 kV, CARE 
kV image quality level of 32, 0.25-second rotation time, and 144 
× 0.4-mm collimation.

For both examinations, cardiac medications (5 mg of meto-
prolol [Lopressor; Hikma Pharmaceuticals] and 0.4 or 0.8 
mg of nitroglycerin [Nitrostat; Pfizer] as a sublingual tablet) 
and contrast medium were administered per clinical routine.  
Iohexol at a concentration of 350 mg/mL (Omnipaque 350; GE 
HealthCare) was administered at an injection rate based on par-
ticipant weight: less than 50 kg, 4 mL/sec; 50–100 kg, 5 mL/sec;  
and greater than 100 kg, 6 mL/sec. After the scan range was 

Figure 1: Study design flowchart. eGFR = estimated glomerular filtration rate, EID = energy-integrating 
detector, PCD = photon-counting detector, %Sten = percent diameter luminal stenosis.
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prescribed, the scan time and postthreshold delay time (7 sec-
onds) were summed to yield the injection time. Injection time 
was multiplied by the injection rate to determine the contrast 
medium volume for the first phase of the injection. The second 
phase consisted of a 40-mL mixture of 12 mL of contrast me-
dium and 28 mL of 0.9% sodium chloride injected at the same 
rate, and the third phase of the injection consisted of 10 mL of 
0.9% sodium chloride injected at the same rate. Bolus tracking 
was used to initiate the scan, with the monitoring region of in-
terest placed over the ascending aorta and a trigger threshold of 
150 HU at 120 kV.

Image Reconstruction
Axial EID CT images were reconstructed using a medium-sharp 
vascular kernel (Bv40) and an iterative reconstruction strength 
level of 4 (Advanced Modeled Iterative Reconstruction; Siemens 
Healthineers), with a 0.6-mm section thickness and 0.3-mm 
increment. Axial PCD CT images were reconstructed using off-
line reconstruction software (ReconCT, version VA50; Siemens 
Healthineers) and a sharper vascular kernel (Bv48 for partici-
pants weighing >90 kg and Bv56 for participants weighing ≤90 
kg), an iterative reconstruction strength level of 4 (Quantum 
Iterative Reconstruction; Siemens Healthineers), and a 0.4-mm 
section thickness and 0.2-mm increment. The modulation trans-
fer function values at 2% for the Bv40 and Bv48 kernels were 
8.02 and 9.36 line pairs per centimeter, respectively. Based on 
the literature and review of CT examinations not included in 
this study (23–25), VMIs were created at 50 keV and 100 keV; 
50 keV was determined to provide substantial iodine enhance-
ment without excessive noise amplification, and 100 keV was 
determined to provide a substantial decrease in calcium bloom-
ing without completely removing the iodine enhancement.

Reader Estimation of Percent Diameter Luminal Stenosis
Two subspecialist cardiac imagers, a radiologist (P.R., with 13 
years of experience) and a cardiologist (J.P.B., with 6 years of 
experience), independently read all studies in two sessions. The 
first session consisted of EID CT images, and the second session, 
which occurred a minimum of 3 weeks after the first session to 
mitigate observer memory bias, consisted of PCD CT images. 
Due to the obvious difference in spatial resolution and the pres-
ence of both 50- and 100-keV images from PCD CT, the readers 
were not blinded to scanner type. Readers were allowed to use 
the 50- and 100-keV images as they felt most appropriate to 
determine percent stenosis.

Percent stenosis was graded using a 17-cm visual analog 
scale anchored at 0% and 100%. No intermediate values were 
present on the scale. Readers drew a vertical line at the loca-
tion most consistent with their perception of the stenosis. The 
markings were later measured with a ruler and were entered 
into the study database.

Grading was performed using our picture archiving and 
communication system (Visage 7; Visage Imaging), and read-
ers were free to adjust display parameters and use multiplanar 
views. For the left main, right, left anterior descending, and cir-
cumflex coronary arteries, readers visually graded the most severe 
stenotic lesion in terms of percent stenosis without the use of 

digital calipers. Plaque attributes were not recorded, as this study 
focused on percent stenosis quantification. After grading stenosis 
severity for each artery, a single Coronary Artery Disease Report-
ing and Data System (CAD-RADS) score was assigned to the 
case using CAD-RADS version 1.0 (26). The EID CT–based 
score was subtracted from the PCD CT–based score such that 
negative values indicated a decrease in stenosis severity assess-
ment with PCD CT.

Quantitative Stenosis Measurement
Quantitative assessment of percent stenosis was performed by 
a CT technologist (with 8 years of experience) using commer-
cial software (syngo.via, version VB70; Siemens Healthineers). 
For each participant, the most severe stenosis in each of the four 
main arteries was identified by visual inspection. The software 
segmented the coronary vessels, displayed them in curved mul-
tiplanar views, and automatically segmented the lumen along 
the coronary tree. The technologist placed a marker on the ste-
nosis and at normal-appearing proximal and distal segments of 
the coronary artery, and the software calculated percent stenosis. 
Screenshots of the quantitative stenosis assessments were pro-
vided to the readers to indicate specific stenosis locations for their 
visual assessment. The averaged reader visual score was compared 
with the quantitative score for both EID and PCD CT images.

Statistical Analysis
The analyses focused on estimating (a) the within-reader differ-
ences in percent stenosis ratings between EID CT and PCD CT 
images and (b) the interreader reliability separately for EID CT 
and PCD CT images. Continuous data are reported as means ± 
SDs or medians with IQRs. Categorical variables are reported as 
proportions with corresponding percentages. For within-reader 
between-modality comparisons, a minimum value of percent ste-
nosis measured on EID CT images was implemented to exclude 
arteries without stenosis. In particular, the difference in percent 
stenosis at PCD CT versus EID CT for the lesions graded higher 
than 0% at EID CT was assessed using a Wilcoxon signed-rank 
test. This analysis accounted for the pairing between the EID 
CT and PCD CT images at the participant and artery level and 
was stratified by reader. If there were differences in the grading 
of lesions between readers, the paired set of arteries with lesions 
could vary between readers.

For the interreader reliability analysis, only arteries from par-
ticipants in which at least one of the two readers graded the per-
cent stenosis as 10% or higher on either the EID CT or PCD 
CT image were included. The 10% threshold was used to maxi-
mize the range of percent stenosis values included in the analysis 
while not artificially altering the agreement statistics by includ-
ing a large number of arteries with no or minimal occlusions. In-
terreader reliability was estimated using the intraclass correlation 
coefficient under the assumption of a two-way random effect, 
and coefficients were interpreted according to previously pub-
lished guidelines (27). Bland-Altman plots were also used to de-
scribe the agreement between the visual percent stenosis values. 
A Wilcoxon signed-rank test was used to test for differences in 
percent stenosis assessed quantitatively on EID CT versus PCD 
CT images.
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In addition to the nonparametric test statistics, the Hodges-
Lehmann estimator was used to estimate the median paired dif-
ferences along with their 95% CIs. P < 0.05 was considered to 
indicate a statistically significant difference. Statistical analyses 
were performed by one author (R.E.C.) using R version 4.2.2 
(R Foundation). For this pilot study, power calculations were 
not performed.

Results

Participant Characteristics
A total of 25 participants (median age, 59.5 years [IQR, 
45.7–63.9 years]; 16 male participants, nine female partici-
pants) were enrolled, with no excluded participants (Fig 1, 
Table 1). For the EID CT scans, two of 25 (8%) participants 
were scanned in the dual-source adaptive prospectively trig-
gered sequential scan mode, and 23 of 25 (92%) participants 
were scanned in the dual-source adaptive retrospectively gated 

scan mode. Due to the large number of EID CT examinations 
performed in the retrospectively gated scan mode for clinical 
indications (23 of 25 [92%] participants), the mean applied 
radiation dose (volume CT dose index) was 25.7 mGy ± 15.0 
[SD]. Due to the use of the prospectively triggered scan mode 
at PCD CT, the mean volume CT dose index was lower, at  
7.4 mGy ± 3.1.

Reader Estimation of Percent Stenosis
On EID CT scans, reader 1 marked a total of 39 stenoses, with 
20 of these having a visual percent stenosis of at least 30%. 
Reader 2 marked only 32 stenoses, of which only 14 had a 
percent stenosis of at least 30%.

Calcifications appeared smaller on 100-keV images from 
PCD CT due to improved spatial resolution and decreased 
calcium blooming. Figures 2 and 3 demonstrate the visual 
differences in stenotic lesions between EID CT and PCD 
CT images.

For both readers, median percent stenosis observed on 
PCD CT images was lower than that observed on EID CT 
images (reader 1: 20.6% [IQR, 8.8%–61.2%] vs 31.8%  
[IQR, 12.9%–69.7%], respectively, P < .001; reader 2: 6.5% 
[IQR, 0.4%–54.1%] vs 22.9% [IQR, 1.8%–67.4%], P = .002) 
(Table 2). The estimated median difference in percent stenosis 
between EID CT and PCD CT was −5.3% (95% CI: −7.6%, 
−3.5%) for reader 1 and −7.2% (95% CI: −11.5%, −2.2%) for 
reader 2. As shown in Figure 4, only a few lesions showed an 
increase in percent stenosis at PCD CT.

For reader 1, the CAD-RADS scores at PCD and EID CT 
did not differ for any of the 25 participants (zero of 25 [0%]). 
For reader 2, the CAD-RADS scores at PCD CT and EID CT 
did not differ for 18 of 25 (72%) participants and differed for 
seven of 25 (28%) participants. From EID CT to PCD CT, 
CAD-RADS scores decreased by one level in five of the 25 
participants (20%), decreased by three levels in one participant 
(4%), and changed from a score of 1 to a score of N (nondiag-
nostic) in one participant (4%) due to a motion artifact.

Interreader Reliability
The intraclass correlation 
for the readers’ estima-
tion of percent stenosis 
was moderate, with coef-
ficients of 0.64 (95% CI: 
0.40, 0.80) at EID CT 
and 0.69 (95% CI: 0.45, 
0.84) at PCD CT. Bland-
Altman analyses (Fig 5) 
showed some systematic 
differences between the 
readers. The mean dif-
ference between readers 
was −6.8% (95% limits 
of agreement: −60.3% 
to 46.7%) for EID CT 
and −10.3% (95% limits 
of agreement: −55.6% to 

Table 1: Participant Characteristics

Variable Value
Age (y)
 Median 59.5 (45.7–63.9)
 Range 18–78
Sex*
 M 16 (64)
 F 9 (36)
Weight (kg)
 Median 83.6 (72.3–94.9)
 Range 49.1–101

Note.—Except where indicated, data in parentheses are IQRs. 
Included participants (n = 25) underwent energy-integrating 
detector CT and photon-counting detector CT.
* Data are numbers of participants, with percentages in 
parentheses.

Figure 2: Axial images from an energy-integrating detector (EID) CT system (left) and a photon-counting detector (PCD) CT 
system at 100 keV (right) in a 63-year-old male participant referred for clinical coronary CT angiography. In the left main artery (inset 
enlarged images), the calcium is less bright and the lumen appears larger on the 100-keV PCD CT image, whereas the visible lumen 
on the EID CT image is relatively small due to calcium blooming (inset images). The visual percent diameter luminal stenosis estimate 
was 95% based on the EID CT image and 60% based on the PCD CT image. Window width was 500 HU and window level was 
1500 HU for EID and PCD CT.
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35.0%) for PCD CT. The percent stenosis ratings by reader 2 
were lower than those of reader 1 at PCD CT (P = .01), but no 
difference was observed at EID CT (P = .06).

Quantitative Stenosis 
Measurement
A total of 18 stenoses 
were identified where the 
location of the stenosis 
had a clear match be-
tween the EID CT image 
and the 100-keV image 
from PCD CT. The per-
cent stenosis values were 
lower at PCD CT than at 
EID CT for 12 of these 
18 stenoses (66%), were 
equivalent for both tech-
niques for one stenosis 
(5%), and were greater 
at PCD CT than at EID 
CT for five stenoses 
(28%) (Fig 6). No differ-
ence in mean and median 
percent stenosis was ob-
served between EID CT 
(mean, 23.8% ± 10.1; 
median, 21.0% [IQR, 
18.2%–28.0%]) and 
PCD CT (mean, 23.4% 
± 11.9; median, 20.5% 
[IQR, 14.5%–29.7%]). 
The Hodges-Lehmann 
estimate of the difference 
in medians was −1.5% 
(95% CI: −3.0%, 2.5%; 
P = .51). Visual estima-
tion of percent stenosis 
severity in these same 18 
stenoses, averaged across 

readers, showed that visual ratings based on EID CT images 
overestimated percent stenosis (mean, 35.4% ± 20.2; median, 
35.0% [IQR, 23.1%–44.4%]; P = .001) relative to the quantita-
tive values, but no difference was found between the quantitative 

Figure 3: Double-oblique short-axis images (top row) and axial images (bottom row) from an energy-integrating detector (EID) 
CT system (left column) and a photon-counting detector (PCD) CT system at 100 keV (right column) in a 61-year-old male participant  
referred for clinical coronary CT angiography. Relative to the EID CT images, calcium blooming in the PCD CT images is consistently 
lower for plaques of different sizes (arrows). The visual percent diameter luminal stenosis estimates for calcifications 1, 2, and 3 were 
50%, 20%, and 60%, respectively, based on the EID CT images and 40%, 10%, and 40% based on the PCD CT images. Calcification 
1 was in the right coronary artery, calcification 2 was in the proximal left anterior descending coronary artery, and calcification 3 was 
in the left anterior descending coronary artery. Window width was 500 HU and window level was 1500 HU for EID CT, and window 
width was 545 HU and window level was 1800 HU for PCD CT.

Table 2: Descriptive Statistics Related to Visual Estimates of Percent Stenosis by Two Readers

Reader
Lesions with ≥30% 
Stenosis at EID CT*

Percent Diameter Luminal Stenosis

Mean Difference P Value†EID CT PCD CT
1 20/39 (51) Mean ± SD: 37.7 ± 28.5

Median: 31.8 (IQR, 12.9–69.7)
Range: 0.6–85.3

Mean ± SD: 32.6 ± 28.0
Median: 20.6 (IQR, 8.8–61.2)
Range: 0.0–80.0

−5.1 ± 7.5 <.001

2 14/32 (44) Mean ± SD: 37.5 ± 36.3
Median: 22.9 (IQR, 1.8–67.4)
Range: 0.6–100.0

Mean ± SD: 30.0 ± 34.9
Median: 6.5 (IQR, 0.4–54.1)
Range: 0.0–98.2

−7.4 ± 12.3 .002

Note.—This analysis included lesions with greater than 0% stenosis at EID CT, with a maximum of one lesion per artery. EID = energy-
integrating detector, PCD = photon-counting detector.
* Data are numbers of lesions with at least 30% stenosis as a proportion of the numbers of lesions with greater than 0% stenosis, with 
percentages in parentheses.
† Percent stenosis values at EID CT and PCD CT were compared within readers using the Wilcoxon signed-rank test.
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values and visual ratings based on PCD CT images (mean, 
27.9% ± 17.9; median, 22.5% [IQR, 18.1%–35.6%]; P = .15).

Discussion
Compared with energy-integrating detector (EID) CT, the im-
proved resolution of photon-counting detector (PCD) CT cou-
pled with high-energy virtual monoenergetic images (VMIs) has 
been shown to decrease calcium blooming artifacts on images in 
phantoms and cadaveric specimens (6,15–19). This study aimed 
to determine the impact of dual-source PCD CT on the visual 
and quantitative estimation of percent diameter luminal stenosis 
compared with dual-source EID CT in participants clinically in-
dicated for cardiac CT. For two readers, median visual estimates 
of percent stenosis were lower at PCD CT than EID CT (reader 
1: 20.6% [IQR, 8.8%–61.2%] vs 31.8% [IQR, 12.9%–69.7%], 
P < .001; reader 2: 6.5% [IQR, 0.4%–54.1%] vs 22.9% [IQR, 
1.8%–67.4%], P = .002). No difference was observed for quan-
titative measures of percent stenosis at PCD CT versus EID CT 
(median difference, −1.5% [95% CI: −3.0%, 2.5%]; P = .51). 
The results reported are consistent with those seen in cadaveric 
specimens, phantoms, and human subjects (16–22,25). Spe-
cifically, calcifications appear smaller on PCD CT images than 
on EID CT images due to decreased calcium blooming. The 
decreased blooming on PCD CT images is due to the use of 
smaller detector pixels, sharper reconstruction kernels, and 100-
keV VMIs. Sandstedt et  al (17) demonstrated more accurate 
assessment of ex vivo coronary calcification with PCD CT rela-
tive to EID CT when micro-CT was used as ground truth. In 
a phantom study, Koons et al (16) demonstrated that PCD CT 
provided a more accurate assessment of coronary luminal stenosis 

than EID CT due to its 
high spatial resolution. 
In the context of coro-
nary CT angiography, 
Si-Mohamed et  al (22) 
also found that calcified 
stenotic lesions appeared 
less severe at PCD CT.

While CAD-RADS 
scores evaluated at EID 
CT and PCD CT did not 
differ for reader 1, reader 
2 assigned different scores 
to examinations in seven 
of 25 (28%) participants. 
This change in CAD-
RADS scores is similar 
to findings reported by 
Rajiah et  al (25), who 
reported that, compared 
with EID CT, PCD cor-
onary CT angiograms in-
creased reader confidence 
in the assessment of lumi-
nal stenosis in the pres-
ence of calcific plaques 
and resulted in a change 

of CAD-RADS score in nine of 53 patients. Based on the study 
by Rajiah et al (25), phantom findings (16), ex vivo studies (17), 
and the results presented here, a downgrading of CAD-RADS 
scores due to decreased calcium blooming on images is likely to 
occur in some patients with the use of PCD CT.

PCD CT images were reconstructed with a sharper recon-
struction kernel to take advantage of the inherently better reso-
lution of the PCD system relative to the EID system. Had we 
reconstructed the PCD CT images at the same sharpness as that 
of the EID clinical protocol (Bv40), the result would have been 
lower-noise images, but the cutoff frequency of the Bv40 kernel 
would have limited the ability to see the “extra” resolution of 
PCD CT. We could have used a sharper kernel with the EID 
CT system, but the Bv48 and Bv56 kernels were considered to 
be too noisy at the current CT dose level for use in our clini-
cal practice. Sharper kernels were used for PCD CT (Bv48 for 
participants weighing >90 kg and Bv56 for participants weigh-
ing ≤90 kg) to improve the point spread function and thereby 
reduce calcium blooming on images. The noise at these kernels 
was considered comparable to that of EID CT at Bv40 and ac-
ceptable for clinical use.

Quantitative analysis of 18 stenoses that could be clearly 
matched between EID CT and PCD CT images demonstrated 
no difference in percent stenosis (mean, 23.8% ± 10.1 vs 23.4% 
± 11.9, respectively; P = .51). When the same 18 stenoses were 
graded by the readers, the readings based on EID CT images 
overestimated percent stenosis compared with the quantitative 
results, while the readings based on PCD CT images did not. 
These results suggest that readers tend to overestimate stenosis 
severity in the presence of blooming artifacts, as with EID CT, 

Figure 4: Box and whisker plots show paired visual estimates of percent diameter luminal stenosis for a dual-source energy-
integrating detector (EID) CT system and a dual-source photon-counting detector (PCD) CT system as assessed by (A) reader 1 
and (B) reader 2. Gray lines represent the paired responses between the two imaging approaches. Horizontal black lines in boxes 
represent median values, upper and lower bounds of the boxes represent the first and third quartiles, and whiskers represent the range. 
Visual estimates of percent stenosis at EID CT and PCD CT were compared using the Wilcoxon signed-rank test, which accounted for 
the pairing in the data.
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yet provide accurate ste-
nosis severity estimates 
when the blooming arti-
facts are substantially re-
duced, as with PCD CT.

Our study has limi-
tations. First, only 25 
participants and two 
readers were included. 
A study involving more 
readers who marked and 
matched the rated steno-
ses and including repeat 
reads to assess intrareader 
variation would provide 
important insights into 
reader variability. Sec-
ond, the relative impact 
of the 50-keV versus the 
100-keV images was not 
determined, as the read-
ers were allowed to view 
both images at the same 
time. Third, the order of 
reading was not blinded 
or randomized. Finally, 

the clinical impact of these preliminary findings needs to be de-
termined in larger numbers of patients, as a consistent down-
grading of CAD-RADS scores at PCD CT versus EID CT could 
inaccurately imply a change in patient condition between the 
two examinations.

In conclusion, we showed that photon-counting detector 
(PCD) CT images at 100 keV demonstrated decreased calcium 
blooming compared with energy-integrating detector (EID) CT 
images, resulting in a decrease in the visual estimates of percent 
diameter luminal stenosis by two readers. That a decrease in vi-
sual estimates of percent stenosis, and potential downgrading of 
Coronary Artery Disease Reporting and Data System score, can 
occur needs to be taken into account for patients receiving se-
rial coronary CT angiography when the imaging approach used 
changes from EID CT to PCD CT.
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Figure 5: Bland-Altman plots show the agreement between readers on visual estimates of percent diameter luminal stenosis on 
images from a dual-source energy-integrating detector (EID) CT system (left) and dual-source photon-counting detector (PCD) CT 
system (right) for the 36 lesions where at least one of the two readers graded the percent stenosis as 10% or higher at either EID CT or 
PCD CT. The intraclass correlation coefficient (ICC) for a two-way random effects model is given at the top of each graph. The mean 
difference in ratings between the readers (middle dashed line) and the ±1.96-SD limits of agreement (upper and lower dashed lines) 
are also shown. These values were a mean of −6.8% with limits of −60.3% and 46.7% for EID CT and a mean of −10.3% with limits 
of −55.6% and 35.0% for PCD CT.

Figure 6: Box and whisker plot shows paired quantitative  
estimates of percent diameter luminal stenosis based on images 
from a dual-source energy-integrating detector (EID) CT system and  
a dual-source photon-counting detector (PCD) CT system. Gray 
lines represent the paired responses between the two imaging  
approaches. Horizontal black lines in boxes represent median  
values, upper and lower bounds of the boxes represent the first  
and third quartiles, and whiskers represent the range. Quantitative 
estimates of percent stenosis at EID CT and PCD CT were com-
pared using the Wilcoxon signed-rank test, which accounted for 
the pairing in the data. ● = outlier.
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