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ARTICLE INFO ABSTRACT
Keywords: Background: Photon-counting detector (PCD) coronary CT angiography (CCTA) at ultra-high-resolution (UHR) is
Coronary artery disease a promising tool for the detailed evaluation of the coronary arteries. However, correlation with invasive

photon-counting detector CT
Ultrahigh-resolution

Coronary computed tomography angiography
Quantitative coronary angiography

quantitative coronary angiography (QCA) has not been thoroughly investigated. We here evaluated the efficacy
of UHR-CCTA against invasive QCA in patients suspected of coronary artery disease (CAD).

Methods: Retrospectively, patients suggestive of CAD were included if they had undergone UHR-CCTA on a PCD-
CT system showing coronary stenosis which clinically indicated subsequent invasive coronary angiography and
no prior coronary interventions. CCTA datasets were reconstructed in 0.6 mm, 0.4 mm, and UHR 0.2 mm slice
thicknesses. The extent of stenosis was compared between QCA and CCTA using univariate analysis of variance
with post-hoc testing and Bland-Altman plots. Diagnostic performance was assessed based on the detection of
relevant coronary stenosis (>50 %) as confirmed by QCA.

Results: Forty-nine patients (71 + 9 years; 37 % male) were included. Stenosis evaluation for 103 segments
revealed decreasing mean stenosis diameter with improving spatial resolution (61.4 % for 0.6 mm, 55.3 % for
0.4 mm, 50.9 % for UHR 0.2 mm; p < 0.001). Bias between CCTA and QCA decreased with increasing resolution
(13.2 %, limits of agreement [LoA] 30 vs. 9.4 %, 28.1 vs. 5.2 %, 23). UHR-CCTA reconstructions showed superior
diagnostic accuracy and positive predictive value (PPV) for detecting relevant CAD compared to lower resolu-
tions (61.2 vs. 61.2 % vs. 71.4 and 53.7 % vs. 53.9 vs. 61.8 %, respectively).

Conclusions: UHR-CCTA with photon-counting detector CT demonstrated a decrease in overestimation bias and
an increase in PPV.

Short summary (CCTA) was compared to invasive quantitative coronary angiography
(QCA) for evaluating coronary stenosis. Results revealed that UHR-

Photon-counting detector CT with ultra-high-resolution (UHR) mode CCTA significantly reduces overestimation bias in stenosis measure-
shows promise in enhancing coronary assessment by offering higher ments, particularly in heavily calcified plaques, a known limitation of
spatial resolution. In the present study, UHR- coronary CT angiography previous imaging methods. This advancement improves the accuracy of
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coronary CT angiography, may reduce unnecessary diagnostic proced-
ures and potentially impacting clinical practice for patients with sus-
pected coronary artery disease.

1. Introduction

Coronary CT angiography (CCTA) has been shown to be highly
effective in excluding coronary artery disease (CAD) in patients with a
low to intermediate pretest probability for CAD [1-3]. The significance
of diagnostic tools that deliver high accuracy for making informed de-
cisions in the management of suspected CAD cannot be overstated,
considering the substantial morbidity and mortality associated with this
condition [1]. Diagnostic information of conventional CCTA is affected
by substantial calcifications, which can introduce inaccuracies in char-
acterizing luminal stenosis, leading to an overestimation of stenosis
severity [4].

Emerging technological innovations, such as photon-counting de-
tector CT (PCD-CT), help limit such disadvantages compared to con-
ventional energy-integrating detector (EID) CT systems [5]. Enhanced
resolution inherent in PCD-CT resulting from its smaller detector
element size and direct transformation of x-ray photons into electrical
signal allow for an ultra-high resolution (UHR) acquisition mode with
maximum in-plane and through-plane resolutions of 0.11 mm and 0.16
mm [6]. Recent preliminary findings have demonstrated the feasibility
of UHR-CCTA for detecting CAD in a high-risk population [7]. Never-
theless, evidence regarding quantitative stenosis assessment using UHR-
CCTA compared with invasive quantitative coronary angiography
(QCA) reference is scarce.

The aim of this study was to evaluate the efficacy of UHR-CCTA
against invasive QCA in patients suspected of CAD.

2. Materials and methods
2.1. Patient population

The institutional database between June 2022 and July 2023 was
retrospectively reviewed, and patients were included if they met the
following criteria: I) UHR-CCTA due to symptoms suspicious of CAD or
clinically suspected progression of known CAD, performed on a PCD-CT
system; II) Subsequent clinically indicated invasive coronary angiog-
raphy (ICA) within 30 days; III) stenosis category CAD-RADS (coronary
artery disease reporting and data system) 3 or higher on CCTA; and IV)
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18 years of age or above. Patients were excluded from the subsequent
analysis if either their CCTA or QCA results were considered non-
diagnostic by a board-certified radiologist or cardiologist, or if they
had pre-existing coronary stents before undergoing the CCTA (Fig. 1).
Covariates, including cardiac history and risk factors, were extracted
from the patients’ medical records. The local ethics committee approved
the protocol of this single —center retrospective study with waivers of
informed consent (reference number 2022-16359).

2.2. CCTA image acquisition

CCTA scans were performed with a PCD-CT system (NAETOM Alpha,
version VA50, Siemens Healthineers, Forchheim, Germany, gantry
rotation time 0.25 s) according to institutional standard operating pro-
tocols. After a non-contrast scan for coronary artery calcium scoring, the
clinical decision to perform CCTA in UHR mode (tube voltage 120 kVp
with a vendor-specific automated image quality level set at 60) with a
slice thickness of 0.2 mm was guided by an Agatston-score threshold of
> 10. Before scanning, patients received sublingual nitrates (0.4 mg)
and intravenous metoprolol (up to 20 mg) based on heart rate and
absence of contraindications. A test-bolus acquisition for optimal bolus-
timing was applied. For contrast media, an automated dual-cylinder
pump was utilized, which provided a flow rate of 4 ml/s over two in-
jection phases of 70 ml iodinated contrast agent (iopromide, 370 mgl/
ml) and 25 ml of saline flush.

Depending on the patient’s heart rate and variability, CCTA was
either acquired in sequential scan mode with prospective ECG-gating at
end-diastole, a broadened acquisition window at end-diastole, or in
spiral acquisition mode with retrospective ECG-gating. Metoprolol was
administered to patients with heart rates exceeding 70 beats per minute
to facilitate prospective scanning whenever possible. Image re-
constructions included three different slice thicknesses of 0.6 mm
(mimicking a conventional EID-CT standard resolution (SR)), 0.4 mm
(high resolution (HR)), and 0.2 mm (UHR), as described before [8].
Vascular reconstruction kernels were applied (0.6/0.4 mm: Bv44 and
0.2 mm: Bv64). The effective radiation dose was calculated using a
cardiac-specific conversion factor of 0.026 mSv/(mGy x cm) [9].

2.3. ICA image acquisition

Patients with CCTA-suspected significant CAD, defined as at least
one coronary stenosis with luminal narrowing exceeding 50 % (CAD-

CCTA for clinical indications + A

ore of 210

Exclusion for CCTA
= - Non-diagnostic exam
- Stents prior to CCTA

|

CCTA reconstructions of
0.6/0.4/0.2mm slice thickness

|

CAD-RADS = 3 in 0.6mm slices

|

Invasive coronary angiography + QCA

|

Paticnts included in analysis
(n=49)

Fig. 1. Patient inclusion and exclusion flowchart. CAD-RADS, Coronary Artery Disease Reporting and Data System, CCTA, Coronary CT angiography, QCA,

Quantitative Coronary angiography.
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RADS > 3) were discussed in an interdisciplinary meeting between a
board-certified cardiologist and radiologist. The decision for further
stenosis evaluation with either ischemia testing or directly proceeding to
ICA was made following current international guidelines [1]. All ICA
examinations were performed according to institutional standard oper-
ating procedures by board-certified interventional cardiologists on a
fluoroscopy system (Allura Xper FD10, Philips Healthcare, Best, The
Netherlands).

2.4. Stenosis assessment in UHR CCTA and QCA

Grading of coronary stenoses from both CCTA and QCA was based on
the quantification of the smallest diameter within the stenosis (Dg) in
relationship to the expected vessel diameter at the site of stenosis (Dyef).
The expected vessel size was interpolated from a proximal and distal
reference site, taking anatomical tapering of the vessels into account
[10]. The following equation was used for stenosis quantification:

(Minimal lumen diameter (D;)/Reference diameter (D)) x 100
[11]

Segments with chronic total occlusion were excluded from the analysis.
Coronary segments 1, 2, 5-7, 11-13, and 17 were categorized as prox-
imal, the other segments as distal [11]. Plaques were classified as
calcified, partially calcified, and non-calcified according to current ter-
minology [12]. For stenosis assessment of CCTA, two blinded readers
(M.C.H. and S.B. with 5 and 2 years of experience in CCTA, respectively)
quantified coronary stenoses using a dedicated semi-automatic post-
processing software (Syngo.via, version VB50A HF3, Siemens
Healthineers).

For ICA stenosis assessment, two blinded readers (with 2 and 6 years
of experience in invasive cardiology) were provided with the coronary
segments with luminal narrowing > 50 % in CCTA to guide QCA anal-
ysis. The readers were blinded to quantitative CCTA results to minimize
confirmation bias. If multiple ICAs were performed within 30 days after
CCTA for a patient, the ICA closest in time to the CCTA was selected.
QCA was performed using a dedicated software (CAAS Workstation 8.5,
Pie Medical Imaging B.V., Maastricht, The Netherlands) according to
latest recommendations [13]. Particular attention was drawn on mini-
mizing vessel motion and ensuring optimal contrast agent filling of the
vessel. When required, manual tracing was performed for obstruction
length and reference diameter [13]. After performing QCA, the stenosis
measurement with the highest degree of luminal narrowing per segment
was reported and utilized for analysis. Board-certified cardiologists and
radiologists independently reviewed cases with inconsistencies between
CCTA and ICA results regarding stenosis location [11].

2.5. Statistical analysis

All statistical analyses were performed using dedicated software
(SPSS for Windows; version 23.0; IBM Corporation, Armonk, NY, USA).
Shapiro-Wilk tests were used to test continuous variables for normality
of distribution. Results are reported as mean + standard deviation or
median with inter-quartile ranges (IQR, Q1, Q3). Categorical variables
are reported as absolute frequencies with respective proportions (%).
Differences between quantitative results of CCTA and QCA were
compared using Bland-Altman analysis (absolute mean bias and
respective upper and lower limits of agreement (LoA), defined as 1.96 x
standard deviation of bias). The results were compared between the
three CCTA reconstructions and QCA by the Wilcoxon related samples
signed rank test with Bonferroni correction (0.05/4 = 0.013). Agree-
ment between radiologist and cardiologist readers was evaluated sepa-
rately by using two-way random-effects model intraclass correlation
coefficients (ICC). Levels of agreement were defined as follows: poor,
<0.5; moderate, 0.5-0.75; strong, 0.76-0.9; excellent, >0.9 [14]. Those
were calculated based on plaque type and differentiation between
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proximal and distal segments. Receiver operating characteristic curve
analysis was conducted, along with the calculation of the area under the
curve (AUC), to assess the diagnostic performance of SR, HR, and UHR
CCTA in comparison with the reference standard ICA. Sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy were calculated for both stenoses > 50 % and > 70
% on CCTA based on per-patient, per-vessel and per-segment levels, as
well as for left and right coronary arteries. Statistical significance was set
as p < 0.05.

3. Results
3.1. Patient and coronary imaging characteristics

Out of 51 patients referred for CCTA, two patients were excluded
from subsequent analysis because either their CCTA or QCA was deemed
non-diagnostic. Ultimately, the study cohort comprised 49 patients (63
% females, mean age 71 + 9 years). Median time gap between CCTA and
ICA was 8 (1.5, 25.5) days. A retrospectively gated spiral acquisition or
extended triggering window were applied in 8 % of patients. Mean heart
rate was 65 + 9 beats per minute and the median Agatston score was
993 (407, 2137). Patient characteristics and CCTA acquisition parame-
ters are reported in Tables 1 and 2.

3.2. CCTA stenosis assessment

Among the total of 882 coronary segments evaluated, 8 segments
were excluded due to chronic total occlusions. Among the remaining
874 analyzed coronary segments, stenosis quantification based on SR
reconstructions suggested 245 (28 %) of segments with relevant stenosis
(diameter stenosis > 50 %) while HR (222, 25 %) and UHR (174, 20 %)
reconstructions suggested a lower prevalence. The stenoses were pre-
dominantly caused by calcified plaques (70 %), followed by partially
calcified (19 %) and non-calcified plaques (11 %). The majority of ste-
noses were found in the proximal segments (73 %) (Table 3). The me-
dian degree of diameter stenosis continuously decreased with increasing
spatial resolution (SR 61.4 (50.9, 70.8) % vs. HR 55.3 (46.4, 67.8) % vs.
UHR 50.9 (42.9, 63.1) %, all p < 0.001, Fig. 2). A significant decline in
diameter stenosis with increasing spatial resolution was confirmed for
both proximal and distal coronary segments (Table 3). When catego-
rized by plaque type, a significant reduction in stenosis diameter with
increasing resolution was evident only for calcified plaques (Table 4).
No significant reduction in stenosis diameter was found for non-calcified
or partially calcified plaques. However, a significant decrease in diam-
eter stenosis from SR to HR in partially calcified plaques was found.

Table 1
Patient Characteristics.
(n = 49)
Age, years 70.8 + 8.7
Female 31 (63 %)
BMI, kg/m?> 27.2 (24.8, 31.2)
> 25 kg/m? 17 (35 %)
> 30 kg/m? 16 (33 %)
Cardiovascular risk factors
Dyslipidemia 31 (63 %)
Arterial hypertension 42 (86 %)
Diabetes mellitus 8 (16 %)
Family history of CAD" 3 (6 %)
Tobacco use 15 (31 %)

Values are mean + SD, n (%), or median (IQR), unless otherwise
indicated.
BM], body mass index; CAD, coronary artery disease; CCTA, coronary
computed tomography angiography.

# Defined as family history of CAD in a male first-degree relative
before age 55 or in a female first-degree relative before age 65.
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Table 2
Imaging characteristics based on CCTA.
CCTA n =49
Tube voltage, kVp 120

Gating technique
Sequential
Retrospective spiral

45 (92 %)
4 (8 %)

Preparation and basic information

Nitroglycerine 49 (100 %)
Metoprolol 38 (78 %)
Heart rate, 1/min 65 +9
Atrial fibrillation at scan 4 (8 %)
Radiation dose, mSv 3.9(3.2,6.7)

CTDI, mGy 10.9 (9.0, 14.9)

DLP, mGycm 151.0 (124.0, 256.5)

Agatston score 993.0 (407.0, 2137.0)
Time between CCTA and QCA, days 8.0 (1.5, 25.5)
Coronary artery disease”
Proximal® stenosis 32 (68 %)

9/32 (28 %)
11/32 (34 %)
12/32 (38 %)
15 (32 %)
11/15 (73 %)
4/15 (27 %)

Right coronary artery
Left anterior descending
Left circumflex

Distal stenosis
Right coronary artery
Left anterior descending

Values are mean + SD, n (%), or median (IQR), unless otherwise indicated.
CCTA, coronary computed tomography angiography; kVp, peak kilovolts; QCA,
quantitative coronary angiography; CAD, coronary artery disease.

2 Defined as luminal diameter stenosis > 50 %in QCA assessment.

b Defined as coronary segments 1-2, 5-7, 11-13 and 17.

Table 3
Comparison of Stenosis Quantification.
Bland-
Altman

all segments, n = 103" Diameter stenosis ~ Bias LoA ICC P value”
CCTA analysis
SR 61.4 (50.9, 70.8) 13.2  30.0 0.72 <0.001
HR 55.3 (46.4, 67.8) 9.4 28.1 0.76 <0.001
UHR 50.9 (42.9, 63.1) 5.2 23.0 0.86 <0.001
QCA reference 46.4 (33.7, 59.8) n/a
proximal‘ segments, n = 75
CCTA analysis
SR 60.7 (50.5, 70.9) 13.0 31.9 0.71 <0.001
HR 52.8 (46.4, 69.0) 9.1 30.3 0.75 <0.001
UHR 50.0 (42.0, 64.7) 4.9 25.0 0.85 0.004
QCA reference 45.2 (30.9, 62.5) n/a
distal segments, n = 28
CCTA analysis
SR 64.7 (55.2, 71.0) 13.9 24.1 0.75 <0.001
HR 56.0 (52.0, 67.0) 10.1 20.4 0.82 <0.001
UHR 51.8 (47.1, 60.5) 6.0 15.8 0.90 0.003
QCA reference 48.4 (36.3, 56.5) n/a

LoA, Limits of agreement (1.96 x standard deviation of bias); ICC, intraclass
correlation coefficient; CCTA, coronary computed tomography angiography; SR,
standard resolution (0.6 mm slice thickness); HR, high resolution (0.4 mm);
UHR, ultra-high resolution (0.2 mm); QCA, quantitative coronary angiography
CAD, coronary artery disease.

@ Number of coronary segments with QCA reference. For CCTA analysis, 1
distal segment was deemed non-assessable.

b Derived from non-parametric pairwise comparison to QCA reference.

¢ Defined as coronary segments 1-2, 5-7, 11-13 and 17.
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Detailed results of comparison of stenosis quantification are summarized
in Tables 3, 4 and S1.

3.3. Diagnostic performance of CCTA versus QCA

In comparison to QCA, Bland-Altman analyses (Fig. 3) showed
decreasing overestimation bias (SR: 13.2 % vs. HR: 9.4 % vs. UHR: 5.2
%) and LoA (SR: 30.0 vs. HR: 28.1 vs. UHR: 23.0) of the diameter ste-
nosis with increasing spatial resolution. Consequently, an increase in
ICC could be observed with a strong level of agreement for UHR (ICC =
0.86). This was also evident for the subdivision into proximal and distal
segments. Among the reconstructions, UHR showed the closest agree-
ment of median diameter stenosis compared to QCA, but still with a
significant difference (50.9 (42.9, 63.1)% vs. 46.4 (33.7, 59.8)%, p <
0.001). Detailed results of the stenosis assessment are summarized in
Table 3. When split by plaque types (Table 4, Fig. 2), these results were
only confirmed for calcified plaques and UHR. No difference was
observed in non-calcified plaques between SR, HR and UHR compared to
QCA. In partially calcified plaques, a significant difference between SR
and QCA (62.4 (56.5, 68.4)% vs. 48.1 (37.9, 64.8)%, p = 0.017) and
UHR and QCA (60.4 (49.6, 71.2)% vs. 48.1 (37.9, 64.8)%, p = 0.017)
was found, but not for HR and QCA. Further, similar degrees of over-
estimation mean bias and LoA were found for non-calcified (SR: 3.3 %
(20.9) vs. HR: 3.9 % (20.5) vs. UHR: 4.8 % (19.5)) and partially calcified
plaque stenoses (SR: 9.8 % (31.0) vs. HR: 6.8 % (30.4) vs. UHR: 8.4 %
(23.2)), while calcified plaque stenoses showed smaller mean bias and
LoA for higher spatial resolutions (SR: 15.8 % (29.6) vs. HR: 11 % (28.2)
vs. UHR: 4.3 % (23.5), Table 4).

UHR reconstructions led to the highest level of specificity on a per-
patient basis in the identification of QCA stenosis > 50 % (SR: 29.6 %
vs. HR: 33.3 % vs. UHR: 51.6 %) as well as > 70 % (SR: 61 % vs. HR:
68.3 % vs. UHR: 80.5 %, Fig. 4). Similarly, the PPV for stenosis detection
differed among SR, HR and UHR reconstructions, with higher spatial
resolutions reaching the highest PPV (>50 % stenosis: 53.7 % vs. 53.9 %
vs. 61.8 % and > 70 % stenosis: 30.4 % vs. 35 % vs. 50 %). Detailed
indicators of the diagnostic performance on a per-patient, per-vessel and
per-segment basis are presented in Tables S2 and S3.

4. Discussion

This clinical study compared quantitative stenosis measurements
based on UHR-CCTA to QCA as a reference. The main results can be
summarized as follows: First, UHR-CCTA minimized overestimation bias
of quantitative coronary stenosis measurements compared to SR and HR
reconstructions, however, still led to significant differences in compar-
ison to QCA. Second, when examining different plaque types, a reduc-
tion in overestimation bias was observed only for calcified plaques, but
not for non-calcified and partially calcified plaques. Third, diagnostic
performance of UHR reconstructions was superior to SR and HR re-
constructions for the detection of QCA-confirmed coronary stenosis.

The substantial enhancements in spatial resolution achieved through
PCD-CT are particularly relevant for the detection and characterization
of CAD, as well as for the advancement of stent patency assessment
[15,16]. The recently introduced UHR mode on PCD-CT permits a
minimum slice thickness of 0.2 mm, representing a three-fold augmen-
tation in spatial resolution compared to EID imaging.[5] This could
present an opportunity to address the issue of overestimating stenosis
[17].

Previous phantom studies with PCD-CT were able to show im-
provements in the visualization of coronary plaques, reduction of stent
artifacts, enhanced accuracy in stenosis quantification, and decreased
blooming artifacts compared to SR [15,18]. In the present study, median
CCTA-measured diameter stenosis decreased with increasing spatial
resolution and steadily approached the measured stenosis diameter of
the reference method in a study population with a high coronary cal-
cium score. This was also shown by Eberhard et al. who demonstrated
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enhanced accuracy in stenosis quantification using UHR compared to
invasive QCA in a cohort of 31 patients undergoing transcatheter aortic
valve replacement [19]. Patients who had previously undergone stent
implantation were not included in this analysis, and as a result, the
evaluation of stenosis quantification within stents was not explored.
Future research should examine this matter of clinical significance.
Current guidelines recommend CCTA as part of the diagnostic
workup for patients suspected of CAD [1,2]. However, its accuracy has
limitations, especially in patients with severe calcifications potentially
overestimating stenosis severity [4]. Without improved accuracy,
especially in populations with high coronary calcium burden, its use
could lead to unnecessary additional diagnostic procedures [20]. With
the new technology of UHR-CCTA, we were able to demonstrate a sig-
nificant reduction in bias and LoA, alongside an increasing ICC with
higher resolution for calcified plaques. For the assessment of non-
calcified and partially calcified plaques, however, these results were
not reproducible. The results suggest that the advantage of UHR re-
constructions lies mainly in the improved lumen visibility in the pres-
ence of calcified plaques. However, in non-calcified and partially
calcified plaques there was a subsequent reduction in the LoA with
increasing resolution, indicating a narrower spread around the true
stenosis diameter determined by QCA, although this did not reach sta-
tistical significance. Prior studies have demonstrated that the higher
spatial resolution inherently comes at the price of increased image noise
which might serve as an explanation for the more difficult delineation of
the remaining lumen against the plaque, therefore subsequent over-
estimation, especially in non-calcified plaques [6]. Enhancements in
spectral and spatial resolution are expected to improve characterization
of diminutive structures, such as atherosclerotic plaques in coronary

arteries [21]. Artificial Intelligence tools have shown promise in
reducing image noise for CCTA and chest CT [22,23]. Implementing
these tools for CCTA could help evaluate discordance for partially
calcified and non-calcified plaques.

The statistical significance between SR and QCA vs. UHR and QCA
for partially calcified plaques, but not for HR and QCA, may result from
statistical factors. SR and QCA show notably large difference in median
stenosis diameter, while comparison of UHR to QCA demonstrates lower
measurement variability, contributing to statistical significance. Addi-
tionally, SR, with lower spatial resolution and less image noise, and
UHR, with higher spatial resolution and more image noise, both offer
benefits in plaques with calcified and soft tissue components. HR, with
intermediate spatial resolution and image noise, may not be appropriate
for accurately assessing stenosis in this specific plaque type. However,
this result could also be influenced by the limited number of partially
calcified plaques (n = 20), requiring cautious interpretation.

With regards on diagnostic accuracy in stenosis quantification over
the coronary tree, we observed neither a significant different between
proximal and distal coronary nor between the coronary vessels.

Despite the wide clinical use of CCTA, its PPV remains a common
limitation. This problem is mainly due to the presence of high calcium
burden leading to blooming artifacts, thus a potential overestimation of
the diameter stenosis [4,24]. Furthermore, as indicated by the CORE-64
study, CCTA accuracy decreased in patients with high calcium scores
[25]. Recently, studies have shown promising results for the improve-
ment of PPV by utilizing the higher spatial resolution of UHR-CCTA
[6,7]. However, these studies only provided preliminary evidence as
they were either performed in a phantom setting, focused on image
quality parameters, or did not include quantitative data in their analysis.
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Table 4
Comparison of Stenosis Quantification According to Plaque Types.
Bland-
Altman

calcified plaques, n =  Diameter stenosis Bias LoA ICC Pvalue”
72° (%)
CCTA analysis
SR 60.7 (50.8, 71.2) 15.8 29.6 0.72 <0.001
HR 53.2 (45.6, 67.0) 11.0 28.2 0.76 <0.001
UHR 49.1 (41.8, 57.3) 4.3 23.5 0.84 0.007
QCA reference 44.8 (30.8, 56.7) n/a
non-calcified plaques, n = 11
CCTA analysis
SR 60.0 (40.5, 72.5) 3.3 209 0091 0.328
HR 56.0 (47.6, 70.5) 3.9 20.5 0.90 0.374
UHR 59.0 (48.2, 72.8) 4.8 19.5 0.91 0.213
QCA reference 53.4 (48.2, 69.8) n/a
partially calcified plaques, 20
CCTA analysis
SR 62.4 (56.5, 68.4) 9.8 31.0 0.63 0.019
HR 59.4 (50.4, 67.6) 6.8 30.4 0.67 0.073
UHR 60.4 (49.6, 71.2) 8.4 23.2 0.84 0.017
QCA reference 48.1 (37.9, 64.8) n/a

LoA, Limits of agreement (1.96 x standard deviation of bias); ICC, intraclass
correlation coefficient; CCTA, coronary computed tomography angiography; SR,
standard resolution (0.6 mm slice thickness); HR, high resolution (0.4 mm slice
thickness); UHR, ultra-high resolution (0.2 mm slice thickness); QCA, quanti-
tative coronary angiography CAD, coronary artery disease.

@ Number of coronary segments with QCA reference.

b Derived from non-parametric pairwise comparison to QCA reference.

Diagnostic accuracy of UHR-CCTA in this analysis was comparable to a
recently published study in a high-risk population for CAD in prepara-
tion of transcatheter aortic valve replacement which demonstrated high
diagnostic accuracy but also low PPV [7]. The slightly lower PPV in our
study (PPV 61.8 % for 50 %-stenosis and 50 % for 70 %-stenosis
compared to 77 % and 60 %, respectively) may be explained by the
forced decision of usage of UHR mode or not, which remains a limitation
of the current generation of PCD-CT. In absence of prospective evidence,
the choice for or against UHR mode was clinically justified by Agatston
scoring, resulting in the exclusion of patients with scores below the
chosen cutoff. This may be one of the reasons for the low PPV because
the selected cutoff excluded patients with low calcium burden, resulting
in a study population with a high Agatston score (median coronary
calcium score 993), compared to less than half in the study population
investigated by Hagar et al. (414). Importantly, all patients in our cohort
received sublingual nitrates and the majority was administered beta-
blockers which was not applied in the study by Hagar et al. Another
UHR-CCTA study by Kwan et al. with a similar Agatston score (1616)
showed comparable values of sensitivity, PPV, NPV and accuracy for the
detection of stenoses > 70 % [24]. However, in the per-patient analysis,
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an increase in PPV for UHR compared to SR and HR was demonstrated
for both 50 % and 70 % stenoses, similarly to overall diagnostic accu-
racy. While this corroboration of prior results is encouraging, the PPV
and NPV must be cautiously interpreted in the light of the high preva-
lence of CAD (45 %, defined as stenosis > 50 %) in the study cohort.

5. Limitations

This study has several limitations. First, the small sample size of 49
patients from a single center, analyzed retrospectively, limits general-
izability. Additionally, the 0.6 and 0.4 mm datasets only simulate SR and
HR reconstructions based on 0.2 mm PCD raw data, therefore experi-
enced readers might have been able to deduct the type of reconstruction
despite our extensive efforts to reduce reading bias. Further, comparison
was only performed between measured stenosis diameter from CCTA
and QCA, which has several inherent limitations such as dependence on
optimal angulations and lacks hemodynamic information. Moreover,
exclusion of patients with prior coronary stents further restricts our
findings, though investigation of UHR in this population may have
future implications. Furthermore, due to the CACS cut-off inclusion
criterion resulted in a study sample predominantly composed of calci-
fied plaques, with fewer non-calcified and partially calcified plaques.
Consequently, the findings related to these plaque types should be
interpreted with caution and warrant further investigation in future
studies employing an “all-comer” design. Finally, the comparison of
UHR-CCTA and QCA is based on a retrospective analysis and therefore
no longitudinal data is accessible, which is essential for examining po-
tential advantages in terms of reducing downstream diagnostics and
impacting patient outcomes. Therefore, larger trials investigating clin-
ical endpoints are required to further define the role of UHR-CCTA in
clinical practice.

6. Conclusion

UHR-CCTA reconstructions reduced the overestimation bias of cor-
onary stenosis measurements in calcified plaques when evaluated
against conventional CCTA using the clinical reference standard QCA.
However, there was no diagnostic benefit in non-calcified and partially
calcified plaques. Reduced overestimation bias from UHR-CCTA re-
constructions, especially in a patient population for which conventional
CT scanners have not previously represented a suitable diagnostic tool,
has the potential to obviate the need for unnecessary referral for follow-
up imaging including ICA. Nevertheless, the limitations of diagnostic
quality have not yet been resolved, and further efforts should be made to
address this issue.
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