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A B S T R A C T

Background: Coronary CT angiography (CCTA) is a key non-invasive tool for evaluating coronary artery disease 
(CAD). While energy-integrating detector CT (EID-CT) offers high negative predictive value (NPV), its positive 
predictive value (PPV) is limited in heavily calcified vessels. Photon-counting detector CT (PCD-CT), with higher 
spatial resolution and reduced blooming, may enhance diagnostic performance. Current PCD-CT systems provide 
both standard-resolution (SR) and ultra-high-resolution (UHR) modes, but the clinical impact of these modes 
remains under investigation.
Objectives: To compare the diagnostic accuracy and image quality of SR-PCD-CT versus EID-CT in quantifying 
coronary stenosis, using quantitative coronary angiography (QCA) as reference.
Materials and methods: In this prospective, single-centre study, 21 patients (5 women, mean age 71.5 years) with 
suspected CAD underwent CCTA with both EID-CT and SR-PCD-CT prior to QCA. A total of 301 coronary seg-
ments were assessed for stenosis severity, with ≥50 % stenosis deemed significant. Image quality was graded 
using a 5-point scale.
Results: No significant differences in percentage diameter stenosis (%DS) were found between imaging techniques 
(p = 0.20). Both EID-CT and SR-PCD-CT showed good agreement with QCA (AUC: PCD-CT 0.89, EID-CT 0.86). 
Specificity and NPV were high for both; sensitivity and PPV were moderate. SR-PCD-CT yielded higher image 
quality compared to EID-CT (p < 0.001).
Conclusions: In standard resolution mode, PCD-CT offers excellent image quality for quantifying coronary stenosis 
at comparable diagnostic accuracy compared to EID-CT.

1. Introduction

Coronary artery disease (CAD) occurs when atherosclerotic plaque 
forms in the coronary artery walls, restricting blood flow to the myo-
cardium, leading to myocardial ischemia. 1 While historically, CCTA has 
primarily been used to rule out CAD in patients with low to intermediate 
cardiovascular risk, recent guidelines from the European Society of 
Cardiology recommend CCTA as the first-line non-invasive imaging test 
for individuals with a 5–50 % pre-test likelihood of obstructive CAD. 2

Conventional energy-integrating detector computed tomography 
(EID-CT) is limited by spatial resolution and calcium blooming artifacts, 
which can lead to overestimation of luminal stenosis, particularly in the 
presence of heavily calcified plaques. Large calcifications may obscure 
adjacent smaller lesions, further complicating accurate stenosis assess-
ment. 3 These limitations may reduce the accuracy of stenosis assessment 
and contribute to the modest positive predictive value (PPV) reported 
for CCTA compared with invasive reference standards. Consequently, 
stenosis grading in clinical practice is commonly performed using
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standardized semi-quantitative visual assessment frameworks, such as 
those recommended by the Society of Cardiovascular Computed To-
mography and CAD-RADS 4–6. 

The latest advancement in CT is photon-counting detector CT (PCD-
CT), which uses a detector design based on a single semiconductor layer 
to directly convert X-ray photons into electric signals, unlike conven-
tional detectors that use indirect conversion. 7 This direct conversion 
allows for detectors with smaller detector elements, resulting in better 
visibility of small coronary vessels and less blooming of calcified pla-
ques. 8,9 One of the clinically available PCD-CT systems supports both 
standard-resolution (SR) mode, which employs 2 × 2 binning of detector 
elements, and ultra-high-resolution (UHR) mode, where individual de-
tector elements are read out. While both modes provide higher spatial 
resolution than state-of-the-art EID-CT, the improvement in SR mode is 
relatively modest compared to UHR. 10 Previous studies have demon-
strated that UHR acquisitions with thin slices (0.2 mm), sharp recon-
struction kernels (e.g., Bv56/64), and retrospective helical gating can 
enhance edge sharpness and diagnostic accuracy 11–13 . On the other 
hand, SR mode provides a more robust acquisition, as it uses a larger 
detector width. This results in a shorter scan duration and less motion 
and stairstep artifacts, which is why SR mode often is the preferred scan 
mode in patients with low calcium scores or highly irregular heart rates, 
avoiding repeated acquisitions.

Invasive coronary angiography (ICA) with quantitative evaluations 
(QCA) of the percentage diameter stenosis remains the gold standard for 
evaluating the degree of stenosis in coronary vessels, often com-
plemented by techniques like intravascular ultrasound, optical coher-
ence tomography and measurement of fractional flow reserve (FFR). 
However, ICA has several drawbacks, including relatively high costs, 
limited availability, invasiveness, and potential serious 
complications. 14,15

The primary aim of this study was to assess the degree of coronary 
artery stenosis using SR-PCD-CT and EID-CT, and to compare it with 
QCA. Additionally, the study evaluated and compared image quality 
between the two CT modalities. We hypothesized that the improved

spatial resolution of SR-PCD-CT, compared to EID-CT, would result in 
a higher PPV for detecting coronary stenosis.

2. Material and methods

2.1. Design and participants

The study was approved by the Swedish Ethical Review Authority 
(Dnr 2022-04666-01) and performed in accordance with the Declaration 
of Helsinki. Written informed consent was obtained from all study 
participants.

Participants in this open, prospective, observational study were 
enrolled between October 2022 and October 2024. Eligible participants 
were identified during referral for ICA due to suspected significant 
coronary stenosis on routine EID-CT CCTA. After inclusion, they un-
derwent an additional CCTA with PCD-CT before ICA.

Inclusion criteria were suspected chronic coronary syndrome; typical 
stable angina classified according to the Canadian Cardiovascular So-
ciety (CCS) system (classes I–IV) with symptoms persisting for at least 
three months 16,17 ; an intermediate pre-test probability of obstructive 
CAD based on the 2019 ESC recommendations 18,19 ; and possible, sus-
pected, or definite significant coronary stenosis on the initial CCTA. 

Exclusion criteria were prior percutaneous coronary intervention 
(PCI), coronary artery bypass grafting (CABG) or known coronary 
anomalies; prior valve surgery; severely reduced kidney function (eGFR 
<35 ml/min); metallic implants in the chest or spine likely to impair 
image quality; acute coronary syndromes requiring urgent intervention; 
any supraventricular or ventricular arrhythmia; or known allergy to 
iodinated contrast agents.

2.2. CT image acquisition and reconstruction

2.2.1. Patient preparation
Intravenous beta-blockers (Metoprolol 1 mg/mL), up to 10 mg, were 

administered to patients with a heart rate >60 bpm and a systolic blood

Table 1
CT acquisition and reconstruction parameters for CCTA scans in EID-CT and PCD-CT.

Category Parameter EID-CT PCD-CT

Scan technique Scanner platform SOMATOM Force (n = 6), 
SOMATOM Definition Flash 
(n = 12), SOMATOM 

Definition Edge (n = 3) 

NAEOTOM Alpha

Scan mode a Flash, spiral Flash, sequence, spiral
Tube potential (kV) b 70, 80, 90, 100, 110, 120 140
Quality reference (Qref, mAs) 250 –
IQ level – 64
Spiral pitch 0.2–0.3 –
Flash pitch 3.2 3.2
Collimation (mm) 192 × 0.6 144 × 0.4
Rotation time (s) 0.25 0.25

Image reconstruction Monoenergetic level (keV) – 55 (n = 2), 60 (n = 19)
Reconstruction algorithm ADMIRE4 QIR4
Reconstruction kernel Bv36, Bv38 Bv44, Bv56, Bv64
Slice thickness (mm) 0.5 0.4
Slice increment (mm) 0.25 (n = 18), 0.3 (n = 3) 0.2
Field of view (mm) 135–188 135–188
Image matrix size 512 512 (n = 19), 1024 (n = 2) 

Contrast protocol Iodine dose (mgI/kg) 70 kV: 163 spiral/Flash: 244 sequence: 244 
80 kV: 244
90–120 kV: 325

Injection time (s) 11.5 (all levels) 11.5 (spiral/Flash), 13 (seq.) 
Contrast/saline mix 70 kV: 50/50 75/25 (all protocols)

80 kV: 75/25
90–120 kV: 100/0

Total contrast dose (gI) 23.2 ± 6.1 20.4 ± 4.2
Radiation dose Total DLP (mGy⋅cm) 450 ± 282 221.9 ± 150

CTDI vol (mGy) 28.6 ± 18.7 14.7 ± 10.4

a Scan mode selection depends on patient size, heart rate, and heart rate variability. 
b Tube potential in EID-CT was automatically adjusted based on patient size.
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pressure >110 mmHg before the examination, unless contraindications 
were present. Additionally, nitroglycerine (glyceryl trinitrate 0.4 mg/ 
dose sublingual spray) was administered at least 4 min prior to CCTA, 
with two doses given if blood pressure was >110 mmHg, and one dose if 
blood pressure was >100 mmHg. Examinations were performed using 
an injection protocol, with 50–100 % contrast agent (Omnipaque 350 
mgI/mL) and 50–0 % saline (NaCl), depending on the tube voltage used. 
This was followed by a 70 mL saline chaser. The contrast dose was 244 
mgI/kg in PCD-CT and 163–325 mgI/kg (depending on tube voltage) in 
EID-CT, up to a maximum weight of 77 kg (see Table 1). Before the 
diagnostic acquisition, a test bolus acquisition was performed, to 
determine the optimal bolus timing.

2.2.2. EID-CT
Patients underwent CCTA with EID-CT using any of three different 

scanners belonging to the same radiological department (SOMATOM 

Force, SOMATOM Definition Flash and SOMATOM Definition Edge, 
Siemens Healthineers, Forchheim, Germany). A standardized protocol 
was used, including a non-contrast scan for calcium scoring, followed by 
a contrast-enhanced, ECG-gated scan at a tube voltage between 70 and 
120 kV, as determined by the dose modulation algorithm. Patients were 
scanned using prospective ECG-triggering with a prospectively gated 
high-pitch-spiral (Flash) protocol (n = 1) or a retrospectively (n = 20) 
gated acquisition, depending on the accessible scan modes and the pa-
tient's habitus, heart rate and heart rate variability. Images were 
reconstructed using a vascular kernel (Bv36, n = 6 or Bv38, n = 15). The 
reconstructed slice thickness was 0.5 mm, and the increment was 0.25 
mm (n = 18) or 0.3 mm (n = 3), see Table 1.

2.2.3. PCD-CT
PCD-CT was performed using a dual-source PCD-CT system (NAEO-

TOM Alpha, Siemens Healthineers GmbH, Forchheim, Germany) using 
a standardized protocol. This protocol included a non-contrast scan for 
calcium scoring followed by a contrast-enhanced ECG-gated acquisition 
mode at a tube voltage of 140 kV. The contrast-enhanced scan was 
performed using a prospectively gated high-pitch spiral (n = 2), 
sequential (n = 18) scan mode or using a retrospectively gated spiral (n
= 1) acquisition, depending on the patient's heart rate and heart rate 
variability. Images were reconstructed using a vascular kernel (Bv44). 
Additional kernels (Bv56 and Bv64) were also available, except in three 
cases due to data loss. The smallest possible reconstructed slice thickness 
of 0.4 mm was used with an increment of 0.2 mm (Table 1).

2.3. Invasive coronary angiography (ICA)

ICA was performed according to clinical routine, with both visual 
assessment and/or QCA and, as indicated, invasive pressure indices 
during rest and with adenosine if needed. Depending on the localization 
and severity of the coronary lesions, treatment with either percutaneous 
coronary intervention (PCI) or coronary artery bypass grafting (CABG), 
or alternatively optimal medical therapy, was determined by the treat-
ing physicians in accordance with standard clinical practice.

2.4. CT quantitative stenosis assessment and image quality evaluation

CT images were analyzed using semi-automatic coronary analysis 
software (Coronary Analysis, syngo.Via VB60, Siemens Healthineers, 
Forchheim, Germany). Stenosis severity at the narrowest section of each 
segment of the coronary tree was quantified as diameter stenosis (%DS), 
defined as %DS = [(reference lumen diameter – minimum lumen 
diameter)/reference lumen diameter] × 100 %. The reference lumen 
diameter was defined as the diameter of the nearest anatomically nor-
mal segment proximal (or, when appropriate, distal) to the stenosis. 
Plaque composition was assessed visually using conventional CCTA 
attenuation characteristics, classifying plaques as calcified, non-
calcified, or mixed based on the relative proportion of high-

attenuation calcified components and low-attenuation non-calcified 
components.

Curved multiplanar reconstructions were used in the evaluation, 
using the sharpest available reconstruction kernel, as in clinical practice. 
All measurements were performed by a thoracic radiologist (S.S.) with 
10 years of experience in cardiac CT interpretation. The reader inde-
pendently evaluated the CCTA examinations from both EID-CT and PCD-
CT, with a minimum interval of one week between assessments, and was 
blinded to the results from the other CT modality as well as to the ICA 
findings to minimize recall bias. In addition, key images were reviewed 
by a second radiologist (M.S.) with more than 10 years of experience in 
cardiac imaging. In cases of disagreement between the two readers, 
a consensus discussion was held, and manual corrections of the per-
centage diameter stenosis (%DS) were made when necessary.

To assess intra-observer agreement, measurements were made twice 
per acquisition technique, with an interval of at least one month.

To evaluate image quality, every coronary segment with a reference 
diameter ≥1.5 mm was assessed by the same two radiologists. The pri-
mary reader performed the scoring while the second reader observed in 
a separate session; whenever interpretations differed, the score was 
discussed, and a consensus was reached on a single final score. Image 
quality was graded on a 5-point scale (modified from Achenbach et al.): 
4 = excellent (full confidence regarding presence/absence of luminal 
stenosis); 3 = good (high confidence); 2 = moderate (minor doubts); 1 = 

poor (some doubts); 0 = non-diagnostic (relevant doubts). 20 The same 
consensus procedure was applied to all 18 segments of the Society of 
Cardiovascular Computed Tomography (SCCT) coronary segmentation 
model. 21 Because a consensus approach was used, inter-observer vari-
ability metrics were not calculated.

2.5. Invasive coronary angiography with quantitative coronary analysis 
(ICA/QCA)

A cardiologist (C.P) with more than ten years of experience of ICA 
reading, performed the analysis of the ICA examinations. Whenever 
possible, two orthogonal views of the assessed stenotic segments were 
obtained, and a mean value of the observed QCA stenosis grade was 
computed. The analysis was performed using a dedicated workstation 
(AW 4.7, GE Healthcare, Chicago, IL, USA) with stenosis analysis (QCA) 
software version 1.6.

While referred patients had suspected stenoses based on CT, the 
reader of the CCTA images was blinded to the QCA measurements. 

Whenever discrepancies were noted between the CCTA and ICA, the 
examinations were reviewed again together with a radiologist (G.W) 
with more than 20 years of experience of cardiac reading in both ICA 
and CCTA, to verify that identified coronary lesions were allocated to 
the same coronary segments in ICA and CCTA.

2.6. Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics for 
Windows, version 29.0.2.0 (IBM Corp., Armonk, NY, USA) or Python 
3.11. Continuous variables are presented as mean ± standard deviation 
(SD) if normally distributed, or as median and range otherwise. Nor-
mality of distribution was assessed using the Shapiro–Wilk test. 

Differences in radiation dose and contrast volume between EID-CT 
and PCD-CT were compared using paired Student's t-tests, assuming 
normal distribution.

Diagnostic accuracy of detecting significant stenosis was assessed on 
a per-segment basis (n = 301 segments), accounting for within-patient 
clustering. 22 The reference standard was QCA derived from ICA, with 
a diameter stenosis ≥50 % considered hemodynamically significant. For 
each CT modality, receiver operating characteristic (ROC) curves were 
generated using the continuous %DS values against the binary QCA 
reference. The area under the ROC curve (AUC) and its 95 % confidence 
interval (CI) were estimated and compared with a patient-level
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(clustered) bootstrap, resampling at the patient level to preserve 
intra-patient correlation. 22 Diagnostic performance metrics (sensitivity, 
specificity, accuracy, PPV, and NPV) were computed at a prespecified 
threshold of %DS ≥ 50 % on CT. 

Lesions exhibiting >30 %DS in vessels with a diameter >1.5 mm 

were included to compare agreement across EID-CT, PCD-CT and QCA-
derived %DS values. The agreement across all segments was assessed 
using Friedman tests and Bland–Altman analysis. Spearman's correlation 
coefficient (ρ), as well as Bland-Altman analysis was used to assess intra-
observer agreement. 

Qualitative image quality was compared between PCD-CT and EID-
CT using the Wilcoxon signed-rank test for paired ordinal data. Two 
comparisons were performed: one including all coronary segments 
(segments 1–18) and another on a per-segment basis. For the per-

segment analysis, p-values were adjusted for multiple comparisons 
using the Benjamini-Hochberg procedure to control the false discovery 
rate. A two-sided p < 0.05 was considered statistically significant for the 
overall comparison, and a false discovery rate (FDR) < 0.05 was used to 
determine significance in the per-segment analysis.

3. Results

3.1. Participant and clinical characteristics

A total of 21 participants were included in the study, of whom 5 
were women and 16 were men. Clinical characteristics are summa-
rized in Table 2. The mean interval between the two CT examinations 
was 44 ± 31 days, and the mean interval between the initial CT and 
the ICA was 63 ± 34 days. According to the Shapiro–Wilk test, the 
distributions of radiation dose differences and contrast agent dose 
differences were consistent with normality (p = 0.15 and p = 0.11, 
respectively). Paired t-tests revealed that the radiation dose was 
significantly lower in PCD-CT compared to EID-CT (p < 0.01). In 
addition, contrast volume was significantly lower in PCD-CT com-
pared to EID-CT (p = 0.01).

3.2. Quantitative analysis of diameter stenosis (%DS)

A total of 301 coronary segments were analyzed on a per-segment 
basis. Among the detected plaques, five were purely non-calcified, 
while the remainder were either calcified or mixed. Example images 
of calcified coronary artery segments are shown in Fig. 1. On QCA, 39 
segments demonstrated significant stenosis, whereas 37 and 39 seg-
ments were classified as having obstructive disease on EID-CT and 
PCD-CT, respectively. Lesions were predominantly located in proxi-
mal coronary segments (segments 1, 2, 5–9, and 11), affecting 80 % of 
patients. ROC analysis yielded a per-segment, cluster-corrected AUC 
of 0.86 (0.77–0.93) for EID-CT and 0.89 (0.83–0.94) for PCD-CT 
(Fig. 2). Diagnostic performance metrics were not significantly dif-
ferent between EID-CT and PCD-CT (p > 0.63) and are presented in 
Table 3.

Table 2
Subject characteristics (n = 21).

Patient Characteristics

Sex (female, %) 5 (24 %)
Age (years) 71.5 ± 2.1
Body Mass index (BMI) 25.6 ± 1.0
Diabetes (%) 3 (14 %)
Hypertension (%) 18 (86 %)
Active or former smoker (%) 11 (52 %)
Lipid-lowering medication (%) 15 (71 %)

Agatston Score Distribution

Score Range n (%)

≥1000 7 (33.3 %)
400–1000 5 (23.8 %)
100–400 5 (23.8 %)
<100 4 (19.0 %)

CAD-RADS Categories by Modality

CAD-RADS EID-CT PCD-CT

0–1 0 0
2 3 5
3 8 8
4 7 3
5 3 5

Fig. 1. Example of coronary stenosis assessment 
using invasive coronary angiography (ICA), energy-
integrating detector CT (EID-CT), and photon-
counting detector CT (PCD-CT). Calcified coronary 
artery segments with significant stenosis are shown 
in the proximal left anterior descending artery 
(LAD; top row) and the mid left circumflex artery 
(CX; bottom row). Images are displayed for ICA 
(left), coronary CT angiography acquired with EID-
CT using a Bv36 kernel (middle), and PCD-CT using 
a Bv64 kernel (right). In segment 7, the measured 
percentage diameter stenosis (%DS) was 80 %, 49 
%, and 53 % for ICA, EID-CT, and PCD-CT, 
respectively; corresponding values in segment 13 
were 62 %, 64 %, and 64 %. Image quality scores 
were 2 (segment 7) and 0 (segment 13) for EID-CT, 
and 3 (segment 7) and 2 (segment 13) for PCD-CT. 
PCD-CT demonstrates improved lumen delineation 
and reduced blooming artifacts compared with EID-
CT, potentially increasing diagnostic confidence in 
stenosis grading.
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Across all coronary segments with available data, no statistically 
significant difference in %DS was found across QCA, EID-CT and PCD-CT 
(χ 2 = 3.24, p = 0.20). When restricting the analysis to segments with 
measurable stenosis in all three modalities, no significant difference was 
observed either (χ 2 = 0.61, p = 0.74). Bland–Altman analysis demon-
strated close agreement between modalities. The mean difference in % 

DS was 1.2 % between QCA and EID-CT (limits of agreement: 37.3 % to
+34.8 %) and 1.2 % between QCA and PCD-CT (− 34.5 % to +32.0 %). 
Between EID-CT and PCD-CT, the mean difference was 0.0 % and limits 
of agreement ranged from − 25.0 % to +24.9 % (Fig. 3).

3.3. Intra-observer reproducibility of %DS measurements

Intra-observer agreement was strong for both CT systems, with 
a Spearman's ρ = 0.91 (p < 0.05) for both EID-CT and PCD-CT. 
Bland–Altman analysis for repeated measurements showed a mean differ-
ence of 1.47 % (limits of agreement: 19.2 %–22.1 %) for EID-CT and a mean 
difference of 1.02 % (limits of agreement: 22.3 %–24.5 %) for PCD-CT.

3.4. Image quality assessment

Image quality scores were compared using the Wilcoxon signed-rank 
test, which revealed a significant difference between the two CT sys-
tems. In the analysis including all coronary segments, the mean image 
quality score was 2.85 ± 0.89 for PCD-CT and 2.49 ± 0.84 for EID-CT (p 
< 0.001). A per-segment analysis showed that PCD-CT yielded higher 
median image quality scores than EID-CT in several segments. Statisti-
cally significant differences were observed in the right coronary artery, 
including the proximal (1), distal (3), and posterior descending (4) 
segments, as well as in the left main coronary artery (segment 7) (p < 
0.04), see Fig. 4.

Table 3
Diagnostic Performance (per-segment analysis, n = 301 segments).

Metric EID-CT
(mean, 95 % CI)

PCD-CT
(mean, 95 % CI)

p-value

Accuracy 0.90 (0.87–0.94) 0.90 (0.86–0.94) 0.77
Sensitivity 0.62 (0.50–0.75) 0.62 (0.48–0.76) 1.0
Specificity 0.94 (0.90–0.97) 0.93 (0.89–0.96) 0.63
Positive predictive
value (PPV) 

0.54 (0.37–0.71) 0.51 (0.35–0.66) 0.67

Negative predictive 
value (NPV) 

0.95 (0.93–0.98) 0.95 (0.93–0.98) 0.96

True positive (TP) 22 23
False positive (FP) 15 16
True negative (TN) 247 246
False negative (FN) 17 16

Fig. 3. Bland–Altman plots showing agreement in percentage diameter stenosis 
(%DS) between imaging modalities. Mean differences and 95 % limits of 
agreement (±1.96 SD) are shown for (a) QCA versus EID-CT, with a mean 
difference of 1.2 % (limits of agreement: 37.3 % to +34.8 %); (b) QCA versus 
PCD-CT, with a mean difference of 1.2 % (− 34.5 % to +32.0 %); and (c) EID-CT 
versus PCD-CT, with a mean difference of 0.0 % (− 25.0 % to +24.9 %).

Fig. 2. Diagnostic performance of EID-CT and PCD-CT for detecting sig-
nificant coronary artery stenosis. Receiver operating characteristic (ROC) 
curves illustrating the diagnostic accuracy of EID-CT and PCD-CT for detecting
≥50 % coronary artery stenosis, at a segmental level, using ICA as the reference 
standard. Both modalities showed good diagnostic performance with similar 
area under the curve (AUC) values (EID-CT: 0.86; PCD-CT: 0.89), reflecting 
comparable overall accuracy in this participant cohort.
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4. Discussion

In the currently available PCD-CT systems, the standard-resolution 
mode offers several practical advantages over UHR mode. The use of 
a larger detector width allows for shorter scan durations, which in the 
case of CCTA, reduces the risk for motion or stairstep artifacts, making 
the SR mode more robust in clinical routine. It is therefore often the 
preferred acquisition mode in patients with low calcium scores or highly 
irregular heart rates, as it minimizes the need for repeated scans.

The main finding in this study was that %DS values from PCD-CT, 
using standard-resolution mode, did not significantly differ from those 
of EID-CT, and that both showed good agreement with QCA. The mean 
radiation dose of the PCD-CT examinations was approximately 50 % 

lower than that of EID-CT. ROC analysis revealed good to high diag-
nostic performance, with high specificity and NPV, yet only moderate 
sensitivity and PPV were observed. PCD-CT was graded as having higher 
image quality than EID-CT.

Previous studies have reported partly different outcomes, often 
showing a diagnostic advantage of PCD-CT over EID-CT. Fahrni et al. 
compared EID-CT and PCD-CT (using UHR mode) with ICA and found 
improved diagnostic performance using PCD-CT. 23 Sakai et al. reported 
that participants examined with PCD-CT (using both SR and UHR mode) 
were less often referred for ICA, but more often underwent revascula-
rization when ICA was performed. They also found improved specificity, 
PPV, and accuracy for PCD-CT, while sensitivity and NPV were similar to 
EID-CT. 24 Nakashima et al. showed that PCD-CT (using SR-as well as 
UHR-mode) significantly decreases the overestimation of stenosis and 
the misclassification of uncertain high-risk plaques, thereby reducing 
the frequency of unnecessary invasive angiography. 25

There are also several studies comparing ICA and PCD-CT. Laux et al. 
demonstrated increased PPV when using UHR-PCD-CT. 11 Eberhard et al. 
found more accurate stenosis classification when using UHR mode com-
pared to SR mode, 10 while Hagar et al. demonstrated good diagnostic ac-
curacy in high-risk patients with Agatston scores ≥1000. 12 Nishihara et al. 
showed that calcium-removal reconstructions improved specificity and 
PPV compared to standard reconstructions. 26 Vecsey-Nagy et al. compared 
PCD-CT in UHR mode with EID-CT, observing lower %DS values in PCD-CT 
and CAD-RADS reclassification in nearly half of cases. 13 In a study by 
Tremamunno et al., UHR PCD-CT showed fewer obstructive lesions and 
remodeling features but a more extensive CAD burden than EID-CT. 27 In 
contrast to our findings, Wolf et al. reported consistently lower %DS values 
with SR-PCD-CT than with EID-CT. 28

Our results mostly align with these studies but also highlight some 
important aspects. The moderate sensitivity and PPV observed in our 
study may be explained by the use of SR rather than UHR mode in PCD-
CT, as well as differences in acquisition protocols: EID-CT often used 
retrospective gating, improving evaluability but at the cost of higher 
radiation dose, while PCD-CT primarily used sequential gating. The 
lower radiation dose observed in PCD-CT is consistent with these pro-
tocol differences.

Another factor is the highly selected study population. Despite only 
21 participants, 70 segments were truly diseased. Many had high 
Agatston scores (30 % ≥ 1000; 24 % between 400 and 999), most had 
CAD-RADS ≥ 3, and 80 % showed significant ICA stenosis. Four un-
derwent PCI and four were referred for CABG. These cases illustrate the 
diagnostic challenges of heavy calcification, which can reduce PPV and 
sensitivity. Nonetheless, image quality in PCD-CT was rated higher, 
consistent with findings from Sharma et al., who used UHR protocols. 29 

Another important finding is that, while PCD-CT consistently 
received higher image quality ratings than EID-CT in key segments, 
including the left main, LAD, and RCA, this did not lead to more accurate 
stenosis grading, likely due to the use of a SR-protocol. Unlike ultra-
high-resolution modes, SR-PCD-CT lacks the spatial detail (e.g., 0.2 
mm slices, sharper reconstruction kernels) needed to precisely assess 
small luminal changes, especially in heavily calcified or distal vessels. 

This study has several strengths and limitations. A strength is that the 
study included participants who underwent repeated CCTA with both EID-
CT and PCD-CT, as well as QCA. To our knowledge, few previous studies 
have compared stenosis measurements acquired in the same individuals 
using different CT systems, with QCA as the reference standard. However, 
limitations include the fact that EID-CT data were collected from three 
different scanners with six different tube voltage settings and a mix of high-
pitch and retrospective gating. Also, PCD-CT protocols evolved during the 
study period, due to software updates and application of different kernel 
settings. The small and selected study population also limits general-
izability. The %DS measurements and image quality scores were assigned 
through consensus between two experienced radiologists at the second 
reading session, which precluded calculation of inter-observer agreement. 
Finally, numerical stenosis measurements on CCTA are known to vary 
between readers and software solutions and are therefore not routinely 
recommended in current guidelines. Although measurements in this study 
were performed by experienced readers using a consensus approach, this 
represents an idealized research setting and may limit generalizability to 
everyday clinical practice.

Fig. 4. Distribution of image quality scores for 
PCD-CT and EID-CT.
A per-segment analysis showed that PCD-CT yielded 
higher median image quality scores than EID-CT in 
several segments. Statistically significant differ-
ences were observed in the right coronary artery 
(RCA), including the proximal (segment 1), distal 
(3), and posterior descending (4) segments, as well 
as in the left main coronary artery (segment 7) (p < 
0.04).
Scores range from 0 to 4:
0 = non-diagnostic (relevant doubts about pres-
ence/absence of stenosis),
1 = poor quality (some doubts),
2 = moderate quality (minor doubts),
3 = good quality (confident),
4 = excellent quality (full confidence without any 
doubts).
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In conclusion, SR-PCD-CT and EID-CT demonstrated comparable 
diagnostic accuracy for coronary artery stenosis grading, with good 
agreement to QCA. PCD-CT provided superior image quality and sig-
nificantly lower radiation dose than EID-CT. However, both systems 
showed only moderate PPV particularly in cases with extensive coronary 
calcifications. These results, together with previous studies, suggest that 
while standard resolution PCD-CT offers a robust scan protocol and 
improved image quality compared with EID-CT, the use of UHR 
acquisition is required to improve stenosis evaluation, particularly in 
patients with high calcium burden.
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