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H I G H L I G H T S

• IMR offers superior image quality and more precise measurements than HIR.
• IMR demonstrates stronger correlation with ICA in comparison to HIR.
• IMR shows high correlation between automatic and manual evaluations of stenosis.
• IMR increases diagnostic accuracy in obese patients compared to HIR.
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A B S T R A C T

Background: The purpose of this study was to compare CCTA images generated using HIR and IMR algorithm with
the reference standard ICA, and to determine to what extend further improvements of IMR over HIR can be
expected.
Methods: This retrospective study included 60 patients with low to intermediate CAD risk, who underwent
coronary CTA (with HIR and IMR) and ICA. ICA was used as reference standard. Two independent and blinded
readers evaluated 2226 segments, classifying stenosis with CAD-RADS (significant stenosis ≥3). Image quality
was assessed with a 5-point scale, SNR in the ascending aorta, and FWHM of proximal LCA calibers. The impact
of image noise, radiation dose, and BMI on diagnostic accuracy was evaluated using ROC curves and Fisher’s
Exact Test. Quantitative plaque analysis was performed on 28 plaques.
Results: IMR showed higher image quality than HIR (IMR 4.4, HIR 3.97, p<0.001) with better SNR (21.4 vs.
13.28, p<0.001) and FWHM (4.44 vs. 4.55, p=0.003). IMR had better diagnostic accuracy (ROC AUC 0.967 vs.
0.948, p=0.16, performed better at higher radiation doses (p=0.02) and showed a larger minimum lumen area
(p=0.022 and p=0.046).
Conclusion: IMR offers significantly superior image quality of CCTA, more precise measurements, and a stronger
positive correlation with ICA. The overall diagnostic accuracy may be superior with IMR, although the differ-
ences were not statistically significant. However, in patients who are exposed to higher radiation doses during
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HIR, hybrid-Iterative reconstruction; HU, Hounsfield units; IMR, model-based iterative reconstruction; LAD, left anterior descending coronary artery; NPV, negative
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CCTA due to their constitution, IMR enables significantly better diagnostic accuracy than HIR thus providing a
specific benefit for obese patients.

1. Introduction

Approximately 1 % of all patients contact their general practitioners
due to chest complaints [1]. In patients with low to moderate pretest
probability of coronary artery disease (CAD), the European and Amer-
ican guidelines recommend coronary CT angiography (CCTA) as the
initial diagnostic test [2].

CCTA has become a widely utilized diagnostic tool and has been
investigated intensively in numerous studies over the last decades. A
substantial number of studies have demonstrated that CCTA is highly
accurate for detecting coronary artery stenosis [3,4]. In this context,
evolving new CT imaging techniques have been tested and investigated
continually. The developments with most impact in literature were
technical improvements of detectors and other hardware parts facili-
tating optimized image acquisition techniques, but also included new
reconstruction algorithms. The latter included advantageous
software-sided, post-processing approaches after data acquisition that
improved image quality significantly, particularly by reducing unde-
sired noise on generated images. However, not a better image quality
was intended primarily, but rather the option for significant radiation
dose savings where image quality is kept on constant levels.

During this developmental process, the standard image reconstruc-
tion algorithm “filtered back projection” (FBP), which has been used for
many years, is replaced slowly by the new hybrid iterative reconstruc-
tion (HIR) algorithm. Nowadays, HIR has displaced FBP on many CT
machines worldwide but is currently also challenged by further
computational improvements, resulting in the newest generation of
iterative model-based reconstruction (IMR) algorithms.

Existing IMR studies were designed for testing the feasibility of using
lower tube voltages in combination with contrast material dose re-
ductions and iterative model reconstruction [5–8]. In other works, the
diagnostic performance of CCTA using different reconstruction algo-
rithms in comparison to the standard algorithm was tested [9,10].
However, direct comparisons with the reference standard invasive
catheter angiography are still pending.

The purpose of this study was to compare CCTA images generated
using both the HIR and the IMR algorithm with the reference standard
ICA, and to determine to what extend further improvements of IMR over
HIR can be expected for diagnostic accuracy, image quality, automated
post-processing, interobserver agreement, and plaque analysis.

2. Materials and methods

2.1. Study population

The requirement for approval or written informed consent for this
retrospective study was waived by the institutional review board. A total
of 104 patients with a low to moderate risk of CAD underwent CCTA
between July 2020 and February 2022 at the Bayreuth Hospital on
clinical indication according to the national guidelines [2]. Among
these, 60 patients (18 women and 42 men) with a mean age of 63 (range,
43–83) years had been referred for ICA based on CCTA findings, and
only these 60 patients were included in the study.

2.2. CCTA acquisition protocol

In the absence of contraindications, patients with irregular heart
rhythms or heart rates >65 beats per minute (bpm) received up to 10 mg
of intravenous ß-blockers (Metoprololtartrat-Omniapharm® 5 mg/5 ml,
Recordati Pharma GmbH, Ulm, Germany) prior to the acquisition. In
addition, all patients received two sublingual applications of

nitroglycerin spray (Nitrolingual® akut® Spray 0.4 mg, Pohl-Boskamp,
Hohenlockstedt, Germany) immediately before the scan.

CCTA was performed using a 256-MSCT scanner (Brilliance iCT;
Philips Healthcare, Cleveland, OH, USA). All patients were scanned in
the supine position with elevated arms. A weight-adjusted tube potential
of 80–120 kV was used, and a volume of 70–80 ml of iodinated contrast
agent (Imeron 400 or Imeron 350, Bracco Altana, Dresden, Germany)
was injected intravenously with a flow rate of 4–5 ml/s, followed by
40 ml of saline at a flow rate of 4–5 ml/s. A region of interest was placed
in the descending aorta for bolus tracking. A step-and-shoot scan with
prospective ECG triggering and two subsequent axial acquisitions was
performed for regular heart rhythm and heart rate <65 bpm. Using a
collimation of 128 ×0.625 mm, the z-axis coverage was 6.24 cm per
rotation. This is due to beam overlap when the z-flying focal spot is used.
If the heart rhythm was irregular or the heart rate was >65 bpm, a he-
lical scan with retrospective ECG gating was used. The CCTA was con-
ducted according to the following parameters: 2 ×128 x 0.625 mm
collimation with z-flying focal spot, 0.27 s rotation time, tube voltage
120 kVp, and effective tube current-time product 129–700 mAs with
tube current modulation. All CCTA images were reconstructed using the
HIR and IMR algorithms using Xres Standard Kernel for iDose4 and
Cardiac Routine Kernel for IMR (iDose4 and IMR, Philips Healthcare,
Cleveland, OH, USA). Axial images with prospective ECG triggering had
thickness of 0.9 mm and with retrospective ECG gating of 0.8 mm
without gap with a matrix of 512/512 and reconstructed field of view
(FOV) of 250 mm.

Previously, the subjective image quality of a complete data set of
CCTA images reconstructed at different levels of noise reduction
strength of the HIR (7 levels) and IMR algorithms (3 levels) was evalu-
ated by 3 experienced radiologists using a 5-point scale (5 - excellent, 1 -
poor image quality). Best image quality was observed at level 4 (iDose
level 4) for HIR and at level 1 for IMR. Therefore, these levels of the
reconstruction algorithms were selected for our study evaluation,
although one of the highest possible HIR levels was compared with the
lowest IMR level.

The scan images were analyzed and evaluated using a standard PACS
workstation (IMPAX EE, Agfa HealthCare, Belgium) and Philips Intelli-
space Portal, CT Comprehensive Cardiac Analysis (Philips Healthcare,
Cleveland, OH, USA).

2.3. ICA

ICA was performed within 3 months after CCTA by experienced and
board-certified interventional cardiologists with Siemens Healthcare
Axiom Artis (Siemens Healthineers, Forchheim, Germany) device using
standard techniques via transfemoral or transradial arterial access. The
degree of the most severe stenosis of the segment was assessed visually
and graded according to American Heart Association (AHA) recom-
mendations [11].

2.4. Image analysis

2.4.1. Image quality assessment
The quality of CCTA images reconstructed using HIR and IMR was

assessed subjectively using a 5-point rating scale (1 - very poor image
quality, 5 - very good image quality) and objectively by measuring the
signal-to-noise ratio (SNR) in the ascending aorta (SNR=mean signal
value/standard deviation). The mean signal values (Hounsfield units
(HU)) were measured on axial reconstructions displaying angiographic
window settings (width (W) = 900–1100 HU, centre (C) = 220–400 HU)
with a slice thickness of 0.675 mm, the diameter of the circular region of
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interest (ROI) in the ascending aorta was >1.5 cm. Then, a more dedi-
cated image quality analysis with focus on coronary arteries was per-
formed by generating Full Width Half Maximum (FWHM) curves using
the ImageJ software (National Institutes of Health and the Laboratory for
Optical and Computational Instrumentation, University of Wisconsin, USA).
For this purpose, the measurement line in both reconstructions was
placed at an identical position in the main trunk, the proximal LAD or
the proximal LCX, perpendicular to the vessel lumen and could not be
shorter than 1 cm. Resulting FWHM curves with measurements of
slanted-edges was used as parameter for assessing contrast sharpness.

2.4.2. Coronary artery stenosis evaluation
Cases for the assessment of the degree of coronary artery stenosis on

CCTA were randomised separately for HIR and IMR, and independently
evaluated in a blinded manner by two observers. The observers were two
board certified radiologists with dedicated training in CCTA reading.
Segments were divided according to the 18-segment model of the So-
ciety of Cardiovascular Computed Tomography (SCCT), and stenoses

were graded according to the criteria of the of the Coronary Artery
Disease - Reporting and Data System (CAD-RADS)[12]. Significant ste-
nosis was defined as CAD-RADS ≥3, i. e. stenosis ≥50 %. If a coronary
artery segment had multiple stenoses, the most severe of these was
evaluated.

ICA was also assessed in a blinded fashion by two experienced ob-
servers, an interventional cardiologist and an interventional radiologist
with previous cardiac surgery training and used as the reference stan-
dard after consensus was reached.

2.4.3. Impact of radiation dose, image noise and BMI on the diagnostic
accuracy of CCTA

To assess the influence of dose length product (DLP), SNR, and body
mass index (BMI) on the diagnostic accuracy of CCTA using HIR and IMR
reconstructions, the total study population of 60 patients was divided
into three groups of 20, based on each criterion (one-third of the patients
represented the lowest, one-third intermediate and one-third highest
values for each criterion). For further calculations, only data from pa-
tients in the six most extreme groups (highest and lowest image noise,

Fig. 1. Sensitivity, specificity, PPV and NPV of CCTA with HIR and IMR re-
constructions of the entire study population (N=60).

Fig. 2. ROC curves for the diagnostic accuracy of CCTA with HIR (AUC=0.95)
and IMR (AUC=0.97) reconstructions of the entire study population (N=60).

Fig. 3. Sensitivity, specificity, PPV and NPV of CCTA with HIR and IMR re-
constructions with higher DLP (N=20).

Fig. 4. ROC curves for the diagnostic accuracy of CCTA with HIR (AUC=0.93)
and IMR (AUC=0.97) reconstructions with higher DLP (N=20).
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DLP, and BMI) were considered.

2.4.4. Quantitative plaque analysis
Quantitative analysis of coronary plaques was performed using the

Plaque Composition tool of the Philips Intellispace Portal post-
processing software platform (Philips Healthcare, Cleveland, OH, USA).
Proximal segments of the coronary arteries (segment 1, 5, 6, and 11)
with CAD-RADS 2–4 stenosis on either CCTA or ICA were included in the
analysis. For the selected segments in each dataset reconstructed with
HIR and IMR, automatic segmentation and calculation of the Curved
Planar Reformations of the coronary arteries was performed without
user interaction. The following exclusion criteria were applied to avoid
misinterpretation of findings: the segments or plaques that were auto-
matically not detected by either HIR or IMR, long-segment plaques
(>1.5 cm length), two consecutive plaques automatically detected as
one, or plaques located at the level of a vessel bifurcation. A total of 28
plaques (e.g., lipid, mixed, or calcified) were analyzed after the selection
process. The evaluation included analysis of identical plaques with HIR
and IMR reconstructions. Firstly, the automatically calculated calcium
content, minimum lumen area, and maximum plaque burden were
documented. Secondly, the markings of the outer vessel wall and
remaining coronary lumen were manually corrected and documented
once more.

2.5. Statistical analysis

Unless otherwise stated, data are displayed as mean ± standard de-
viation or percentages. Differences between HIR and IMR in subjective
image quality, SNR, FWHM, and plaque analysis were assessed using
paired t-test. In order to evaluate the diagnostic accuracy of CCTA, the
CAD-RADS classification was employed to facilitate a comparison of
Receiver operating characteristic (ROC) curves, sensitivity, and speci-
ficity [13]. To calculate the PPV and NPV, the prevalence of significant
stenoses was compared to that of non-significant stenoses and contin-
gency tables were used. Two independent blinded observers evaluated
both CCTA and ICA, and consensus results were used for diagnostic
accuracy calculations. Interobserver and inter-method agreement were
tested using Cohen’s kappa coefficient (κ) [14], with κ>0.8 considered
perfect. Spearman’s coefficient was used to assess the correlation be-
tween HIR, IMR and ICA as well as between DLP and BMI, with ρ>0.9
considered very high [15]. Fisher’s exact test was used to determine the
impact of DLP, SNR, and BMI on sensitivity and specificity of the HIR
and IMR reconstructions [16]. Pearson’s correlation coefficient was

used for quantitative plaque analysis, with r>0.9 considered excellent
[17]. The absolute and relative differences between automated plaque
detection and manual correction were described by Bland and Altman
[18]. The significance level was p≤0.05.

Unless otherwise noted, statistical analysis was performed with SPSS
(version 29.0, IBM, Washington, USA).

3. Results

3.1. Image quality

The subjective image quality was 3.97 ±0.98 for HIR and 4.4 ±0.76
for IMR (p<0.001). Similarly, the objective image quality for IMR was
also significantly higher than that for HIR, with an SNR of 21.4 ±5.52
for IMR vs 13.3 ±4.05 for HIR (p<0.001). Furthermore, IMR exhibited
significantly steeper curves and lower FWHM values than HIR (FWMH
of HIR 4.55 ±0.81 vs of IMR 4.44 ±0.77; p=0.003), which were asso-
ciated with superior image quality and sharper image.

3.2. Diagnostic accuracy of CCTA

According to the 18-segment-modell, a total of 1080 segments of the
coronary arteries from 60 patients were included in the study (1080 with
HIR, 1080 with IMR and 1080 in ICA). Due to the variability of the distal
segments, it is expected that not all of the 18 segments are present at
each patient. The following exclusion criteria were applied: segments
that were not present or not assessable due to their short length (237
segments, 21.9 % with HIR and 231 segments, 21.4 % with IMR), thin
segments with a diameter <1.8 mm (105 segments, 9.72 % with HIR and
104 segments, 9.63 % with IMR), segments with motion artifacts (31
segments, 2.87 % with HIR and 45 segments, 4.17 % with IMR), and
stented segments (5 segments, 0.46 % with HIR and IMR).

Finally, 693 segments with HIR and 695 with IMR were included in
the study and evaluated by two observers. Of these, a total of 514 seg-
ments with HIR and 482 segments with IMR were detected automati-
cally by the Comprehensive Cardiac Analysis tool of the Philips
IntelliSpace Portal post-processing platform. The remaining 179 seg-
ments with HIR and 213 segments with IMR that had not been recog-
nized automatically were marked manually. In addition, a total of 838
segments of the coronary arteries in the ICA were evaluated by two
observers.

The segment-based evaluation demonstrated excellent diagnostic
accuracy of CCTA with both HIR and IMR reconstructions. Sensitivity,
specificity, PPV, and NPV were found to be 78.8 %, 93.8 %, 64.4 %, and
96.9 %, respectively, using HIR, and 86.2 %, 94.9 %, 70.8 %, and
97.9 %, respectively, using IMR (Fig. 1). The area under the ROC curve
was 0.948 with HIR and 0.967 with IMR (Fig. 2). However, this differ-
ence was not statistically significant (p=0.16, according to DeLong et al.
[19]). A high positive correlation was observed between IMR and ICA,
with a correlation coefficient of 0.746 (p<0.001) and HIR demonstrated
a moderate positive correlation with a correlation coefficient of 0.668
(p<0.001). The inter-method agreement was substantial for both HIR
with ICA (κ=0.66, p<0.001) and IMR with ICA (κ=0.74, p<0.001),
although slightly better for IMR. Moreover, the interobserver agreement
was substantial for both reconstructions, although slightly superior for
IMR (κ=0.68, p<0.001) in comparison to HIR (κ=0.61, p<0.001).

3.3. Impact of DLP, SNR and BMI on the diagnostic accuracy of CCTA

In the group of patients (N=20) who received a higher radiation
exposure during the CCTA examination (DLP 398–833 mGy*cm), the
following values were calculated: sensitivity 79.6 %, specificity 91.1 %,
PPV 70 % and NPV 94.4 % with HIR reconstructions; and sensitivity
86.7 %, specificity 95.8 %, PPV 84.8 % and NPV 96.4 % with IMR re-
constructions (Fig. 3). In addition, the ROC analysis demonstrated that
IMR exhibited significantly superior diagnostic accuracy compared to

Table 1
A comparison of quantitative plaque analysis (calcium content, maximum pla-
que burden, and minimum lumen area) with the HIR and IMR reconstructions,
automatically (A) and after manual adjustment (H).

(A) Automatic (H) Manually adjusted

HIR A IMR A HIR H IMR H p-Value

Calcium content
Average 81.61 83.64 91.54 89.14 ​
HIR A vs HIR H 81.61 ​ 91.54 ​ p=0.015
IMR A vs IMR H ​ 83.64 ​ 89.14 p=0.152
HIR A vs IMR A 81.61 83.64 ​ ​ p=0.495
HIR H vs IMR H ​ ​ 91.54 89.14 p=0.159
Max. plaque burden
Average 27.79 28.43 38.36 37.89 ​
HIR A vs HIR H 27.79 ​ 38.36 ​ p<0.001
IMR A vs IMR H ​ 28.43 ​ 37.89 p<0.001
HIR A vs IMR A 27.79 28.43 ​ ​ p=0.575
HIR H vs IMR H ​ ​ 38.36 37.89 p=0.663
Min. lumen area
Average 5.39 6.03 5.38 5.9 ​
HIR A vs HIR H 5.39 ​ 5.38 ​ p=0.972
IMR A vs IMR H ​ 6.03 ​ 5.9 p=0.6
HIR A vs IMR A 5.39 6.03 ​ ​ p=0.022
HIR H vs IMR H ​ ​ 5.38 5.9 p=0.046
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HIR (area under the ROC curve of HIR 0.933, of IMR 0.971, p=0.02)
(Fig. 4). Moreover, the exact Fisher test demonstrated that higher DLP
has a significant impact on the specificity of HIR. There was no signifi-
cant impact of low DLP, SNR, or BMI on the diagnostic accuracy of CCTA
with HIR or IMR. The correlation coefficient of 0.552 (p<0.001) pointed
towards a moderate positive correlation between DLP and BMI.

3.4. Coronary plaque measurements

The results of the quantitative plaque analysis with HIR and IMR are
presented in Table 1 and compared in Fig. 6 using Bland-Altman plots.
The calcium content and maximum plaque burden were found to be
significantly higher on HIR images following manual contour adjust-
ment compared to automatic contour marking (p=0.015 and p<0.001).
Furthermore, a significantly greater maximum plaque burden was
observed with IMR following manual correction compared to automatic
contour marking (p<0.001). The minimum lumen area was found to be
significantly larger in the IMR images compared to the HIR images, both
for the automatic and manual plaque marking (p=0.022 and p=0.046,
respectively). Examples of automated and manual measurements of
stenosis and plaque composition are demonstrated in Fig. 5. Excellent

correlation of minimum lumen area between automatic and manual
contour adjustments was observed with HIR (r=0.9, p<0.001), while
using IMR, a slightly lower but still very strong correlation was identi-
fied (r=0.887, p<0.001). The maximum plaque burden demonstrated a
very strong correlation in both reconstructions, though slightly better
with IMR (r=0.803, p<0.001) than with HIR (r=0.701, p<0.001). The
calcium content showed a weak correlation between automatic and
manual contour markings with HIR (r=0.405, p=0.032) and a moderate
correlation with IMR (r=0.521, p=0.004).

4. Discussion

In agreement with previous works [6,7], the results of our study
showed that IMR reconstructions provide significantly better subjective
and objective image quality compared to HIR and the standard recon-
struction algorithm FBP. This is attributed particularly to reduction of
image noise. Improved noise reduction rendered superior, highly posi-
tive correlation and substantial inter-method agreement between IMR
and ICA, compared to HIR and ICA. In addition, IMR led to slightly
better interobserver agreement than HIR. Similar results were found also
in the study by Qin et al. in the assessment of renal artery stenoses [20].

Fig. 5. Quantitative plaque/stenosis analysis. Examples of meassurements on orthogonal coronary artery images after automatic centerline angulation for lumen
(left) and plaque measurements (right) using automatic and manual delineation of the outer vessel wall (blue) and the remaining contrasted vessel lumen (orange) on
the HIR (A) and IMR images (B). In the plaque analysis (right), the non-calcified plaque parts are purple and the calcified parts are orange.
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Fig. 6. Bland-Altman plots. Variability of calcium content (A), max. plaque burden (B) and min. lumen area (C) between the automatic measurements and the
manual adjustment with HIR and IMR.
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In clinical practice, this is particularly important for CCTA follow-up and
the assessment of treatment response, when examinations are evaluated
by different readers [21].

IMR reconstructions showed significantly steeper slopes of the
FWHM curves than HIR, indicating significantly better contour sharp-
ness and more accurate lumen diameter measurements. These results
correlate with the findings of the study by Gassenmaier et al. who were
able to demonstrate significantly better conspicuity of lumen edges on
ADMIRE images in phantom experiments [10]. Additionally, sharper
contour margins in IMR may improve the assessment of coronary stent
patency [22].

Reduced image noise and improved image quality of IMR re-
constructions over HIR were assumed to result in further impact on
diagnostic accuracy. However, in our entire study population, the im-
provements with IMR did not reach statistical significance level. Further
examination of the subgroups revealed that IMR exhibited a non-
significant advantage over HIR in terms of diagnostic accuracy,
regardless of image noise. Moreover, SNR did not significantly affect the
sensitivity and specificity of either reconstruction. Our findings in adults
align with Jia et al.’s study on infants with congenital heart defects [23]
and another study on heavily calcified coronary arteries, where IMR
demonstrated significantly superior diagnostic accuracy compared to

FBP but similar results to HIR [5].
In patients who were exposed to higher radiation doses during CCTA,

the diagnostic accuracy of IMR was indeed significantly superior to that
of HIR. This was not due to superior sensitivity of IMR, but because HIR
had reduced specificity at higher DLP values, leading to a greater
number of false positive findings (Fig. 7). Since higher radiation doses
are typically associated with larger examination volumes or obese pa-
tients, there is a risk that stenoses in these patients may be significantly
overestimated when HIR is applied (Fig. 8). Further investigation of the
BMI impact on CCTA revealed that IMR demonstrates markedly better
sensitivity (89.47 %) compared to HIR (78.95 %). However, due to
comparable specificity, PPV, and NPV, the overall diagnostic accuracy of
HIR and IMR remained statistically indistinguishable. The divergent
impact of BMI and DLP on the diagnostic accuracy of HIR and IMR of
CCTA may be attributed to specific types of obesity and the distribution
of mass in patients. The results of the Fisher’s exact test indicated a trend
for BMI to have impact on specificity of HIR and IMR (p=0.19 for HIR,
p=0.11 for IMR).

In our quantitative plaque analysis was no statistically significant
difference in minimal lumen area between automatic and manual con-
tour marking, irrespective of the use of HIR or IMR. Additionally, there
was excellent correlation between the reconstruction algorithms in both
automatic and manual evaluation. However, a significantly larger
minimum lumen area was measured on IMR images. As most plaques
exhibited some degree of calcification, this is likely due to reduced
calcium "blooming" artifacts on IMR images [24]. Therefore, IMR mea-
surements may better reflect the true lumen area.

The role of CCTA in assessing suspected CAD is increasing, focusing
on coronary plaque burden and plaque composition, which impact long-
term cardiovascular outcomes [25]. Our quantitative plaque analysis
revealed significantly higher amount of calcium in plaques on HIR im-
ages after manual adjustments compared to automatic detection. No
such differences were found when IMR was applied. Adjusting the
sensitivity of edge detection did not result in a significant improvement,
unfortunately. Furthermore, the correlation between automated and
manual plaque and lumen contour delineation was only weak to mod-
erate for both reconstructions, aligning with R. A. Jonas et al.’s findings
of high discordance between expert and AI-performed plaque compo-
nent analysis [26]. Moreover, the software often failed to detect
approximately one-third of plaque components, making it unreliable for
plaque composition evaluation in clinical practice. IMR images provided
more reliable minimum lumen area measurements than HIR, suggesting
that automatic evaluation on IMR images could speed up stenosis
analysis in clinical practice. However, further improvements of the tool
are required for a complete and comprehensive automated plaque
assessment.

IMR images have a different appearance compared to FBP or HIR
images, often described as "waxy" or "plastic" [27]. For this reason, ra-
diologists need to adapt to the new and special appearance of IMR im-
ages, which may initially limit the diagnostic confidence, especially for
inexperienced evaluators. In our study, differing levels of prior experi-
ence with HIR and IMR among observers may have contributed to the
“only” substantial inter-observer agreement. To eliminate these dis-
crepancies, various vendors have developed several deep learning-based
image reconstruction methods that reduce noise and improve spatial
resolution and object recognizability without altering the texture [28].

Our study has the following limitations: First, despite the consensus
reached following the evaluation, discrepancies may have occurred
when determining to which segment the stenosis belongs. This is
particularly relevant in the stenosis of the RCA and the LAD, as the RCA
is divided into a proximal, middle, and distal third. Similar issues may
have arisen in the case of the LAD if the stenosis was situated at a
segment boundary. Second, there is selection bias as all patients
included in the study had undergone CCTA for suspected CAD and had
already been referred for further investigation for ICA. The prevalence of
the disease in the selected patient population was higher than in the

Fig. 7. Curved and axial reconstructions of the LAD with HIR and IMR re-
constructions and ICA image. A false positive finding with HIR was observed in
the patient who received a high radiation dose (DLP 477.6 mGycm) during
CCTA. The HIR reconstruction showed high image noise accompanied by the
detection of a significant stenosis in the distal LAD, while no significant stenosis
was detected with the IMR and in the ICA.

Fig. 8. Curved reconstructions of the LAD with HIR (A) and IMR (B) re-
constructions and ICA image (C). The mild stenosis in the distal LAD segment
appears to be more pronounced with HIR than with IMR. The manual diameter
of the stenosis is 1 mm with HIR and 2.8 mm with IMR. In the ICA the stenosis
is hardly traceable.
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total collective of all patients referred for CCTA during the study period
including the majority of those without need for ICA. Third, all segments
of coronary arteries with a diameter greater than 1.8 mm were equally
included in the study without consideration of the localization of the
stenosis along the vessel or clinical relevance. Fourth, the segment-based
evaluation of coronary artery stenoses for the entire study cohort was
visually graded according to the CAD-RADS classification [12]. A
quantitative plaque analysis was performed just on 28 selected and
suitable plaques. Fifth, all CCTA examinations were performed on a
single CT device and processed and analyzed with a single software
program. Finally, it should be noted that the study is limited by its
retrospective, monocentric nature.

5. Conclusions

IMR offers significantly superior image quality of CCTA, sharper
coronary contours with more precise measurements, a stronger positive
correlation with ICA, and slightly better interobserver agreement than
HIR. The overall diagnostic accuracy may be superior when using IMR,
although the differences were not statistically significant. However, in
patients who are exposed to higher radiation doses during CCTA due to
their constitution, IMR enables significantly better diagnostic accuracy
than HIR thus providing a specific benefit for obese patients. IMR
demonstrates a high degree of correlation between the automatic and
manual evaluations in the assessment of the minimum lumen area,
thereby providing more accurate measurements than HIR.
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