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ABSTRACT 
Purpose: To identify the optimum strength of Advanced Modeled Iterative Reconstruction (ADMIRE) which can 
offer the best subjective and objective image quality when combining three-dose reduction strategies - ultra-high 
pitch computed tomography coronary angiography (FLASH CTCA; with single-dose ivabradine to lower heart rate), 
low tube voltage and ADMIRE.  
Methods: Sixty consecutive patients underwent FLASH CTCA at 100 kVp in this single-centre prospective study. 
Single-dose ivabradine was administered to patients whose heart rate was above 75 bpm. Images were reconstructed 
with the three highest strengths of ADMIRE (A3, A4 and A5). Objective image quality and subjective image quality 
(using Likert scale) were evaluated in the three datasets. 
Results: Signal strength remained unchanged but mean noise significantly reduced across the increasing strengths of 
ADMIRE (Signal- 513.78 ±101.7 HU in A3; 515.6 ± 100.5HU in A4 and 519.7±107.9 HU in A5; Noise-23.4 ± 4.5 
HU in A3; 20.2 ± 3.6 HU in A4 and 17.2± 3.3 in A5). Signal to noise and contrast to noise ratios were consequently 
highest for A5. A5 offered significantly higher Likert scores in image noise, vessels sharpness, and overall image 
quality as compared to A3 and A4. A5 did not interfere with image interpretation in any patient. 
Conclusion: Using all three dose reduction strategies during CTCA along with single-dose ivabradine 
administration can ensure minimal radiation exposure in daily practice. A5 datasets had the best overall subjective 
and objective image quality despite its "plastic appearance" and in the future enhanced dose reduction can be 
obtained by further lowering tube voltages. 
KEYWORDS: Advanced modeled iterative reconstruction; ultra-high pitch computed tomography coronary 
angiography; CT angiography; cardiac; dose reduction strategies 
 
MAIN POINTS 
1. Signal strength remains unchanged but mean noise significantly reduces across the increasing strengths of 
ADMIRE (A3 to A5). 
2. Signal to noise and contrast to noise ratios are consequently highest for A5. 
3. A5 datasets have the best overall subjective and objective image quality despite its "plastic appearance" when 
combining three-dose reduction strategies - ultra-high pitch computed tomography coronary angiography (FLASH 
CTCA; with single-dose ivabradine to lower heart rate), low tube voltage and ADMIRE. 
 
 
Manuscript 
Introduction  
The main disadvantage of computed tomography coronary angiography (CTCA), despite its non-invasive nature, is 
radiation exposure. With increasing concerns regarding accurate estimation of "true" radiation burden of CTCA due 
to challenges in determining the cardiac-specific conversion factor (k factor), the need for devising new strategies 
and incorporating multiple dose reduction techniques is of paramount importance. With the newly proposed cardiac-
specific conversion factors (k factor), even the lower radiation burden of prospectively gated CTCA can no longer 
be considered "low dose" per se, indicating the urgent need for utilizing all available advanced techniques for every 
patient to undergo "true" submillisievert CTCA's (1). 
Lowering the tube potential as a stand-alone measure leads to a decrease in image quality. With the current 
guidelines recommending 100 kVp for patients with a body mass index of < 30 kg/m2, about 50-60 % reduction in 
radiation dose is possible using these strategies when compared to using 120 kVp (2). Additional dose reduction 
may be possible by further reducing the tube voltage and using iterative reconstruction (IR), which permits 
decoupling of spatial resolution and noise to offset the noisier image quality obtained with lower tube voltages. IR 
has rapidly replaced the more archaic filtered back projection (FBP) by offering the ability to drastically reduce the 
image noise inherent with using low tube voltage (3,4). Current generation IR such as model-based IR by virtue of 
advances in computer processing technologies is now available on all vendor platforms and is no longer limited by 
the absence and expense of faster computational requirements that IR requires. Previous generations of IR have been 
shown to reduce image noise by 70% - 80% compared to FBP in computed tomography (CT) (5,6). The latest 
generation advanced modeled IR (ADMIRE) is a hybrid technique which removes noise, faster by using statistical 
modelling in both the raw and the image domain. Although different strengths of ADMIRE have been shown to 
deliver a better signal to noise ratio (SNR) and contrast to noise ratio (CNR) even for CTCA, the best strength of 
iteration that is optimal is still debated. This is because higher strengths of iteration can lead to excessive 
smoothening of the image which degrades subjective image quality (7).  
Another dose reduction strategy that can be used is the use of high pitch (>3) prospective ECG - triggered helical 
data acquisition (FLASH CTCA), wherein the complete volumetric dataset can be acquired within a fraction of a 
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cardiac cycle. The high pitch leads to very low radiation dose (0.5 - 1 mSv) as long as the patient has low, regular 
heart rates. 
Prospective ECG gated CTCA which is the default "lower dose CTCA" has been a well-utilized technique which by, 
using forward-looking ECG prediction and step/shoot non-spiral acquisition requires that the X-ray beam be turned 
on for only a small portion of the cardiac cycle. By using a higher pitch and faster table movement, the beam is 
switched on for even shorter periods in the FLASH CTCA enabling it to be genuinely "low dose" or "ultra-low 
dose".  
Combining the three techniques (Low tube voltage, FLASH CTCA and IR) could lead to a significant reduction in 
radiation exposure and still deliver diagnostic image quality. The objective of this study was to identify the optimum 
strength of ADMIRE which can offer the best SNR and CNR when using FLASH CTCA at a tube voltage of 100 
kVp as the strength of ADMIRE which would give the best subjective image quality is still contested. This study 
also evaluated the role of a single dose of the novel heart rate (HR) lowering drug-ivabradine in decreasing and 
stabilizing the HR to rates required for FLASH CTCA. 
Methods  
This study was a prospective single-centre study which included sixty-six consecutive adult patients who underwent 
CTCA studies for suspected coronary artery disease (CAD). The study was approved by the Institutional ethics 
committee (IECPG-96/21.03.2018), and informed consent was obtained. All studies were acquired after 
documenting baseline heart rate, blood pressure and assessing left ventricular ejection fraction on echocardiography. 
CTCA was performed with prospective ECG-gated high pitch spiral acquisition (FLASH CTCA) on a 384 -slice 
(192*2) dual-source scanner (SIEMENS Somatom Force, Erlangen, Germany). Acquisition parameters were 2 mm 
× 192 mm × 0.6 mm detector collimation (Siemens Health- care Sector, Forcheim, Germany), 0.25 seconds rotation 
time, temporal resolution of 66 ms, pitch of 3.2 mm and tube voltage of 100 kVp. In cases where the heart rate was 
greater than 75 bpm, a single dose of 10mg ivabradine (in patients without any contraindication for the same) was 
administrated to the patient, and CTCA acquired if the heart rate was less than 75 bpm after 2 hours. Ivabradine was 
not administered to any of the patients already on beta-blockers. 50-60ml of iodinated contrast media (350mg I/ml) 
was injected followed by a 30ml saline chaser at a flow rate of 3.6-3.8ml/s through the antecubital vein. Scans were 
automatically triggered after an attenuation threshold of 100 Hounsfield units (HU) was reached in the descending 
thoracic aorta using bolus tracking. Automatic exposure control (CARE kV, Siemens) and attenuation- based tube 
current modulation (CAREDose, Siemens) was enabled. A dual FLASH protocol was performed with one set of 
images acquired in the best systolic phase (35% of R-R interval) and one set of images acquired in the best diastolic 
phase (65% of R-R interval). All patients, including those who were given ivabradine, were observed carefully for 
adverse effects before, during and after the CTCA. Patients with heart rates above 75 despite being on oral beta-
blockers and patients with hypersensitivity to iodinated contrast were excluded from the study. 
CT Image Reconstruction 
CTCA images were reconstructed by using ADMIRE (SIEMENS, Germany). Both the systolic and diastolic phases 
were reconstructed using three increasing strengths of noise reduction - ADMIRE-3 (A3), ADMIRE 4 (A4) and 
ADMIRE 5 (A5). The parameters for reconstruction for both the systolic and diastolic datasets were: (i) 0.75-mm 
slice thickness with 0.5-mm increments; 512×512 matrix using a medium soft tissue reconstruction kernel (Bv-40).  
The resulting six series of images were archived were evaluated on a commercially available software (Siemens 
Syngo.via VB10B). 
Regions of interest (ROI) of 1 cm2 drawn in the aortic root at the level left main coronary artery on an axial image 
was used to measure the signal strength (mean HU value). The standard deviation (SD) obtained from the same ROI 
represented the objective image noise (Fig. 1). ROI's (as large as possible) were similarly drawn on the right 
coronary artery, proximal left main, left anterior descending and left circumflex arteries (within 1 cm of their origins 
on axial images). 
Only one phase, either the best diastolic or systolic images were chosen for the assessment of subjective and 
objective image analysis based on which had the least cardiac motion on preliminary analysis of both datasets. 
Quantitative Analysis 
An automated copy/paste tool ensured that all measurements were performed in an identical location for all three 
datasets (A3, A4 and A5) which were viewed side by side simultaneously by NK (Fig. 2-4).  
Mean signal strength and noise were calculated by averaging the values obtained from the five vessels mentioned 
above. SNR was defined as the ratio of the mean HU value of the coronary artery and its standard deviation (noise). 
CNR was calculated by dividing contrast attenuation by the image noise. 
Qualitative Analysis: 
Two independent and blinded cardiothoracic radiologists – GG and KG (having twenty years and six years of 
experience, respectively, in cardiac imaging) performed the qualitative image analysis at a different time than the 
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quantitative measurements. The ADMIRE strengths used on each data set were hidden from the readers to prevent 
bias. 
Maximum intensity projections, curved multiplanar images and routine axial data sets were used as per the 
discretion of the individual readers. A Likert score was assigned for each dataset with respect to 1) subjective image 
noise, 2) coronary wall definition (sharpness), 3) beam hardening artefacts and 4) overall subjective image quality. 
The readers ignored artifacts due to motion and poor gating that are not caused by the reconstruction algorithm. 
The above four parameters were assessed using a single score on a 4-point Likert scale (range 1-4) based on the 
segment of the coronary artery with the poorest appearance. The Likert scale was defined as follows - Image noise 
and beam-hardening artifact were assessed as 1) - present and not acceptable; 2) - present and interfering with 
assessment; 3) - present but not interfering with assessment; and 4) – minimal/absent. Vessel sharpness was defined 
as 1) – blurry; 2) - poorer than average; 3) - better than average; and 4) - sharpest. Overall image quality was graded 
as 1) - unacceptable (inadequate to evaluate coronary stenosis); 2) - fair (sufficient for evaluating coronary stenosis); 
3) – good; and 4) - excellent quality. The Likert scores from both readers were averaged and used for statistical 
analysis.  
Estimation of Radiation Dose  
The CT volume dose index (CTDIvol) and the dose–length product (DLP) were obtained from the scanner. The 
effective dose was derived from the product of DLP and conversion coefficient (k) for the chest (8). To make our 
study more comparable to previous studies, a coefficient of 0.014 mSv mGy -1cm−1 was used 
Statistical Analysis: 
Data was analyzed using statistical package for social sciences, SPSS version 23.0 (SPSS Inc. Chicago, IL, USA). 
Descriptive statistics were given in frequencies with percentages, mean+/- standard deviation (SD) or median (min-
max) depending upon the distribution of the data. For assessment of image quality score and quantitative parameters 
between the three reconstruction algorithms, ANOVA (for normal data) and Kruskal- Wallis tests (for non-normal 
data) were used. For pair-wise comparisons, post hoc test (Dunn’s test) was applied. Student test (paired) was used 
for comparing heart rates in patients in whom Ivabradine was adminstered (before/after ivabradine). Inter-observer 
reliability was assessed using Kappa coefficient. A p-value < 0.05 was considered statistically significant.  
Results 
Sixty-six patients were enrolled. Six patients were excluded due to elevated pre-procedural heart rate of over 75 
despite being on routine b-blocker therapy. Mean age (33 males and 27 females) was 49.9± 9.6years (range 30-75 
y). The mean BMI and average HR during CTCA was 27.4±4.1 kg/m2 (range 19.5-40.9) and 69 ± 5.7 bpm (range 
50-75 bpm) respectively. Ivabradine was administered in 31 patients after which the average heart rate was 67.9±6.2 
bpm compared to 87.3±7.8 bpm (p=0.038) prior to the ivabradine dose. No adverse effect was identified in any 
patient.  
Quantitative Analysis 
Mean signal strength (averaged value from the ROI's in the five vessels) remained unchanged across the three 
datasets reconstructed with the different strengths of ADMIRE (513.78 ±101.7 HU in A3; 515.6 ± 100.5HU in A4 
and 519.7±107.9 HU in A5) (p=0.976).  
Mean image noise (averaged value from the ROI's in the five vessels) significantly reduced with increasing strengths 
of ADMIRE (23.4 ± 4.5 HU in A3; 20.2 ± 3.6 HU in A4 and 17.2± 3.3 in A5) (p=0.033) although there were 
varying results on pairwise comparison for different vessels (Table 1). Mean noise was reduced by 13.66% in A4 as 
compared to A3; 14.83% in A5 as compared to A4 and 26.49 % in A5 as compared to A3 (Table 1). Consequently, 
there was a linear improvement in the mean SNR and CNR with increasing iteration with an improvement of 39.91 
% and 37.12 % respectively in A5 as compared to A3 (p<0.0001) (Table 1).  
Qualitative analysis  
The best overall image quality was obtained in A5 with reader one and two rating 96.67% (58/60) and 98.33% 
(59/60) of the A5 images, respectively as excellent (Table 2).  
Subjective image noise was maximum in A3 (with reader one and two grading it as minimal or absent only in 58.33 
% and 18 % of the A3 datasets. Subjective image noise was minimum in A5 (with both readers grading it as 
minimal or absent in 95% of the A5 datasets).  
Beam hardening artefact was minimal or absent in almost all of the datasets for both readers in all three strengths of 
ADMIRE, and it did not interfere in the interpretation in any of the datasets for both readers. 
The vessel sharpness in all 60 patients was lowest in A3 (14/60 - 23.33% for reader 1, 19/60 - 31.67% for reader 2) 
and highest in those reconstructed with A5 (60/60- 100% for both the readers). Inter-observer reliability was 
excellent for subjective image noise, vessels sharpness and overall image quality in A5 (Table 3). There was a poor 
agreement for subjective image noise in A3. This may be due to the more experienced reader one (GG) being more 
accepting of image noise. However, image noise was not seen to interfere with image interpretation for either reader.  
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Pairwise comparisons revealed that A4 and A5 offered significantly higher LIKERT scores in image noise, vessels 
sharpness, and overall image quality as compared to A3 (Table 4). A5 was associated with a significant increase in 
all the three parameters as above, according to the Likert scale (all p <0.0001). Likert scores for the beam hardening 
artefacts were not significantly different between the groups (p=0.999). 
Average effective radiation dose was 1.6 ± 0.29 mSv (range 1.2-2.5 mSv) (Dual FLASH protocol). The radiation 
dose with a single FLASH scan was 0.60 ± 0.09 mSv {averaging the radiation dose from the best diastolic dataset 
that was most frequently (59/60) used for interpretation}. 
Discussion 
High accuracy of CTCA is desirable if conventional angiography is to be used only in patients requiring 
revascularization therapy. FBP, which is usually used for CTCA is fast, requires lesser computing power and is 
more easily implemented but leads to noisier images with artefacts at reduced doses because of its inherent 
mathematical assumptions of the CT system. FBP ignores essential information such as the Poisson distribution of 
photons and CT hardware details (focal spot size, active detector area, and image voxel shape). The more complex 
IR has been reintroduced for CT imaging as advances in computer hardware and processing have overcome its 
traditionally time and processing-intensive drawbacks and have since become routine (9).  IR can thus compensate 
for lowering tube potential or even tube current, which are associated with noisier images by producing images of 
higher quality in the setting of a very low SNR as demonstrated by multiple authors (10). In order to further lower 
the patient's radiation burden, CTCA acquisition is, in the current era, primarily performed using the prospective 
"step and shoot" acquisition, and by lowering tube current and using tube current modulation. The resulting 
incremental increase in noise and reduction in spatial reduction is negated by shifting from FBR to IR. Further 
advances in IR with development of hybrid-iterative reconstruction algorithms (i.e., ASIR, AIDR 3D and iDose), 
and model-based iterative reconstruction algorithms (i.e. ADMIRE,  IMR, VEO, and FIRST) have shown that they 
can obtain a "virtually noise-free" image with a higher CNR (11). Second-generation dual-source prospective ECG- 
triggered high-pitch CTCA provides an additional opportunity to combine all three techniques to obtain a maximum 
reduction in radiation dose with excellent image quality, mainly by lowering tube voltage/current and using IR. The 
low radiation exposure is due to absent slice overlap of the FLASH CTCA protocol as compared to the conventional 
prospectively triggered protocols. Nearly all unnecessary radiation exposure is eliminated in the FLASH CTCA 
occurring only at the commencement and end of the scanned volume. With a pitch of 3.4, a time resolution of 75 
msec and full heart coverage in < 0.25 sec, Flash CTCA has a reported success rate of 100% in the delineation of 
coronary arteries up to 1.5 mm (12). FLASH-CTCA is, therefore, an acceptable angiographic method for reducing 
radiation dose without compromising image quality. The obstacle with using FLASH-CTCA is the need for a stable 
and low HR. HR control medication, such as beta-blockers have long attempted to achieve this objective, but have 
numerous drawbacks and contraindications. However, newer drugs such as ivabradine, a funny channel blocker, 
have recently been successfully used and in studies proved more efficacious in lowering and stabilizing the HR (13–
15). We, therefore, incorporated this into the protocol to establish the utility of a single dose of ivabradine in 
lowering the HR. 
Studies have also demonstrated that it is indeed possible to perform CTCA with ultra-low dose radiation exposure in 
the order of 0.1-0.5 mSv (16,17). What remains unanswered is if the higher iteration strength images interfere with 
interpretation due to the extreme smoothening effect it adds and also, if it is possible to achieve the low HR required 
for these studies in daily routine clinical practice. It is plausible that the apparent subjective degradation is likely due 
to the reader's preference for obtaining images that have been used to receiving with FBP indicating the need for a 
more conscious and concerted shift to higher strengths of IR despite the "apparent" degradation-an opinion 
corroborated by other authors (18).  
In our study, the image noise was lowest in A5 among the three IR datasets (23.4±4.5 for A3, 20.2±3.6 for A4 and 
17.2±3.3 for A5). The SNR was 21.3±9.4 in A3, 25.9±5.6 in A4 and 30.6±6.9 in A5. CNR was 26.1±5.1 in A3, 
30.2±5.9 in A4, and 36.5±7.36 in A5. Both SNR and CNR were highest with A5. The subjective image noise was 
highest in A3 and lowest in the A5. Vessels sharpness and overall subjective image quality increased with the higher 
strengths of ADMIRE and was highest in A5. These results are similar to the studies by Gordic et al. (16), who 
found that both the objective as well as subjective image noise decreases with higher strengths of ADMIRE. 
Contrary to A4 (selected in 84 %) being the preferred data set in their study for making the diagnosis, our readers 
preferred A5 (selected in >96%). Excessive smoothening with plastic appearance of the images in A5, which was 
cited as a drawback in the previous studies was not a disadvantage in this study. This in concordance to another 
study by Scholtz et al. (19) who opined that despite an artificially smoothed image appearance in CT angiographies 
of the neck, CNR and overall quality was rated better in A5 as compared with A3, however, this was insignificant. 
The conclusion of both the previous study as well as this one is that higher strengths of iteration do not degrade that 
image quality and do not interfere with coronary assessment despite a more plastic appearance of the images. The 
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"double flash" protocol - consisting of two high pitch CTCA scans, done sequentially is an opportunity to achieve 
good image quality in spite of an unexpectedly high heart rate (caused by anxiety or pain during contrast injection) 
and occasional PVCs. In this study, however, we concluded that a single FLASH is sufficient for evaluation of all 
the coronary vessels as in our sample as only one patient (1/60, 1.67%) required evaluation of both systolic and 
diastolic datasets for the depiction of all coronary arteries. This was likely possible as we followed a stringent 
protocol of performing the FLASH technique only after ensuring a stable or regular heart rate of <75. If the patient’s 
heart rate was >75 bpm, a single dose of 10mg of ivabradine was administered 2 hours before the examination. In 
the small subset of patients receiving ivabradine, a significant reduction of HR was noted. This is to the best of our 
knowledge, the first study to suggest that a single 10 mg dose of ivabradine may be efficacious in lowering the HR. 
A recently published abstract by Baig et al. (20) found similar, similar results with the administration of a 15 mg 
dose of ivabradine. Larger randomized studies will, however, be required to confirm that this is indeed a valid 
method and not confounded by the 2-hour interval period prior to the CTCA. 
The mean radiation dose per patient was 1.6 mSv and 0.6 mSv when only one scan (systole or diastole) is 
considered which demonstrates that FLASH CTCA when used with low tube voltage and IR can lead to 
submillisievert scans and yet obtain diagnostic image quality. Earlier studies have shown that diagnostic image 
quality can also be achieved using 80 kVP using similar high pitch techniques with exposure levels as low as 0.1-0.3 
mSv despite using lower levels of IR, i.e. A3/4 (17,21). With the findings of our study, we hypothesize that these 
remarkably low exposure levels can become routinely feasible and applicable to larger subsets of the general 
population if adequate attention is paid to HR control (with novel and safe drugs such as ivabradine), using FLASH 
CTCA at 70 - 80 kVP and using higher strengths of iteration to compensate for the noisy image. In routine daily 
practice, coronary artery evaluation is feasible with good to excellent image quality at the same time reducing 
radiation exposure significantly.   
There were a few limitations to our study. First, this was a single vendor study from a single center only; thus, 
replication of our results to other scanners and centers may be limited. Second, although anonymized images were 
used, the differences in image quality between reconstruction methods were at times apparent and may have 
impacted observer blinding. Third, quantitative noise assessment in IR can be inaccurate when using the standard 
deviation from ROI's, because noise is unequally distributed in the images. However, this is still an accepted 
criterion for noise estimation. Fourth, the effect of higher grades of iteration on quantitative assessment of the degree 
of coronary artery stenosis was not assessed in this study. However, other studies have conclusively proved that 
stenosis assessment is not hampered with the higher iteration grade(19,20) images. Fifth, the role played by a single 
dose of ivabradine needs further validation by trials. The small study group is also a limitation of our study. 
We conclude that combining FLASH CTCA, lowering tube voltage and using IR can result in a significant reduction 
in radiation dose exposure to closer to "true" submillisievert levels in patients especially if combined with novel 
drugs such as ivabradine to lower the HR. The highest strength of IR, despite its plastic appearing images, does not 
interfere with image interpretation and leads to a significant increase in SNR and CNR. The higher strengths of 
iteration with its superior noise-reducing capabilities but the consequent "plastic/smoothened" appearance is likely 
the lesser of two evils as it allows for diagnostic image quality allowing for more reduction in tube voltage and 
consequent radiation exposure.  
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Table 1. Objective Image Quality Parameters in the study population. 
VARIABLES 
 

ADMIRE 3 (A3) 
 

ADMIRE 4 (A4) 
 

ADMIRE 5 
(A5) 
 

p-value # p (A3-
A4)* 

p (A4-A5)* p (A3-A5)* 

I. Aorta 
Aorta signal(HU) 546.12 ± 105.0 546.5 ± 105 546.5 ± 

106.5 
0.999 - - - 

Aorta noise(HU) 42.5 ± 9.3 37.5 ± 8.4 32.3 ± 8.3 <0.0001 0.004 0.001 0.0001 
Aorta SNR 13.3±3.4 15.1±4.2 17.7±5.3 <0.001 0.104 0.084 0.029 
Aorta CNR 15.4±3.8 17.5±4.6 20.5±5.7 <0.001 0.076 0.040 0.011 
II. Left Main Coronary Artery 
LM Signal(HU) 524.2 ± 117.1 525.3 ± 116.0 526.0 ± 117 0.998 - - - 
LM noise(HU) 18.7 ± 8.8 16.1 ± 7.5 13.1 ± 6.4 <0.001 0.143 0.031 <0.0001 
LM SNR 29.39(9.9-178.6) 35 (9.8 - 200) 45.6 (10.3 - 

149.2) 
0.028 0.912 0.310 0.025 

LM CNR 34.9 (11.0 - 217.3) 41.2 (11.4 - 226) 51.4 (11.5 - 
168.7) 

0.027 0.931 0.292 0.025 

III. Left Anterior Descending Artery 
LAD signal(HU) 510.7 ± 108.7 513.4 ± 105.4 513.0 ± 177 0.984 - - - 
LAD noise(HU)* 15 (4 - 46) 14 (3 - 38) 12 (2 - 31) 0.014 0.384 0.476 0.011 
LAD SNR* 327 (11.1 - 89) 35.7 (13.4 - 

179.6) 
41.2 (16.5 - 
271) 

0.017 0.506 0.409 0.013 

LAD CNR* 38.6 (14.1 - 95.3) 41.7 (17.1 - 
190.3) 

49.4 (00.9 - 
288) 

0.138  -  - - 

IV. Left Circumflex Artery 
LCX signal(HU) 486.7 ± 112.8 491.0 ± 110 492.2 ± 112 0.966 -  -  - 
LCX noise(HU)* 18.5 (3 - 51) 15 (4 - 44) 13 (3 - 38) 0.003 0.203 0.168 0.003 
LCX SNR* 24.7 (8.5 - 82) 30.9 (14.5 - 

119.5) 
43.0 (16.8 - 
142.3) 

0.007 0.524 0.211 0.005 

LCX CNR* 28.9 (12.4 - 96.6) 35.5 (14.5 - 
119.7) 

43.0 (16.8 - 
142.3) 

0.004 0.468 0.173 0.003 

V. Right Coronary artery 
RCA signal(HU) 500.9 ± 125.7 502.4 ± 122.9 503.1 ± 124 0.997 - - - 
RCA noise(HU) 19.2 ± 8.9 16.0 ± 7.9 13.3 ± 7.2 <0.001 0.063 0.058 <0.0001 
RCA SNR* 26.3 (3.4 - 94.4) 32.8 (4.6 - 95.5) 40.7 (7.5 - 

166) 
0.001 0.335 0.093 0.001 

RCA CNR* 30.4 (10.16 - 105.3) 39.6 (123.6 - 
124.3) 

49.3 (15.5 - 
196.3) 

0.0007 0.301 0.084 <0.0001 

VI. Averaged values from 5 vessels  
Signal (HU) 513.78 ± 101.77 515.68 ± 100.53 519.78 ± 

107.92 
0.976 - - - 

Noise (HU) 23.47 ± 4.5 20.28 ± 3.6 17.21 ± 3.38 < 0.001 < 0.001 < 0.001 < 0.001 
SNR 31.94±19.89 38.14±25.19 46.35±31.83 < 0.001 < 0.001 < 0.001 < 0.001 
CNR 37.34±22.85 44.42±28.28 53.89±35.05 < 0.001 < 0.001 < 0.001 < 0.001 
Values are expressed as mean+/- SD or median (min-max) depending upon the normality of the data. 
# One-way ANOVA or Kruskal-Wallis test depending upon the normality of the data, p<0.05 for  
statistically significant difference 
* Dunn’s, p<0.05 for statistically significant difference. 
SNR (Signal-to-Noise Ratio), CNR (Contrast-to-Noise Ratio).  
Mean signal reflects the averaged value from the ROI's in the five vessels. 
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Table 3: Inter-observer variability between reader one and two. 
 
Variables ADMIRE 3 ADMIRE 4 ADMIRE 5 

Agreement 
(%) 

κ value* Agreement 
(%) 

κ value*  Agreement 
(%) 

κ value*  

Image Noise 58.3 0.26 86.6 0.58 100 1 
Beam Hardening 98.3 0.001 98.3 0.001 98.3 0.001 
Vessel Sharpness 81.6 0.59 81.3 0.43 100 1 
Overall Image Quality 86.6 0.73 95.3 0.64 98.3 0.65 
*All p values of the kappa coefficient were significant (p<0.001) 

Table 2: Subjective comparison between different strength of ADMIRE 
 Reader 1 Reader 2 
Variables ADMIRE 3 

(Total n=60) 
ADMIRE 4 
(Total n=60) 

ADMIRE 5 
(Total n=60) 

ADMIRE 3 
(Total n=60) 

ADMIRE 4 
(Total n=60) 

ADMIRE 5 
(Total n=60) 

IMAGE NOISE 
Present & 
Unacceptable 

- - - - - - 

Present & 
Interfering 

1 (1.67%) - - - - - 

Present & Not 
Interfering 

24 (40.00%) 13 (21.67%) 3 
 (5.00%) 

49 (81.67%) 11 (18.33%) 3  
(5.00%) 

Minimal / Absent 35 (58.33%) 47 (78.33%) 57/60 
(95.00%) 

11/60 (18.33%) 49 (81.67%) 57 (95.00%) 

BEAM HARDENING ARTIFACT 
Present & 
Unacceptable 

- - - - - - 

Present & 
Interfering 

- - - - - - 

Present & Not 
Interfering 

1 (1.67%) 1 (1.67%) 1 (1.67%) - - - 

Minimal / Absent 59 (98.33%) 59 (98.33%) 59 (98.33%) 60 (100.00%) 60 (100.00%) 60 (100.00%) 
VESSEL SHARPNESS 
Blurry - - - - - - 
Poorer than 
average 

3  
(5%) 

- - 1 (1.67%) - - 

Better than 
average 

43 (71.66%) 16 (26.66%) - 40 (66.66%) 7 (11.67%) - 

Sharpest 14 (23.34%) 44 (73.34%) 60 (100.00%) 19 (31.67%) 53 (88.33%) 60 (100.00%) 
OVERALL IMAGE QUALITY 
Unacceptable - - - - - - 
Fair 4 (6.67%) - - 12  

(20.00%) 
- - 

Good 17 (28.33%) 6 (10.00%) 2 (2.33%) 21  
(35.00%) 

3  
(5.00%) 

1 (1.67%) 

Excellent 39 (65.00%) 54 (90.00%) 58 (96.67%) 27  
(45.00%) 

57 (95.00%) 59 (98.33%) 

ADMIRE- Advanced Model-based Iterative Reconstruction 

un
co

rre
cte

d p
roo

f



ADMIRE- Advanced Model-based Iterative Reconstruction. 
 
 
 
 
 
 
 
 
 

Table 4. Likert Scores for different strength of ADMIRE. 
Variables ADMIRE 3 

(A3) 
ADMIRE  4 
(A4) 

ADMIRE 5 
(A5) 

p (A3-A4-
A5)# 

p (A3-A4)* p (A4-A5)* p (A3-A5)* 

Image Noise 3.5 ±0.5 3.7±0.4 3.9±0.2 <0.0001  <0.0001 0.04 <0.0001 
Beam 
Hardening 
artifact 

3.9±0.1 3.9±0.1 3.9±0.2  
0.999 

_ _ _ 

Vessel 
sharpness 

3.1±0.5 3.7±0.4 4.0±0.1  
<0.0001 

<0.0001 0.005 <0.0001 

Overall 
Image 
Quality 

3.5±0.6 3.9±0.3 3.9±0.1  
<0.0001 

<0.0001 0.999 <0.0001 

#ANOVA, p<0.05 for statistically significant difference 
*Post hoc analysis (Bartlett’s test), p<0.05 for statistically significant difference 
ADMIRE- Advanced Model-based Iterative Reconstruction 
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Figure 1. a-c. Axial computed tomography images (a-c) showing image noise measurement in the aortic root in a 
45-year-old female patient (62 kg, 150 cm) on ADMIRE 3 (image noise = 36 HU), ADMIRE 4(image noise =31 
HU) and ADMIRE 5 (image noise = 27 HU). 
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Figure 2. a-c.  Curved multiplanar computed tomography images of the right coronary artery (a-c) of a 45-year-old 
female patient (62 kg, 150 cm, heart rate 69 bpm) obtained by ECG-triggered high-pitch acquisition using ADMIRE 
3 (a), ADMIRE 4 (b). and ADMIRE 5 (c).  
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Figure 3. a-c. Curved multiplanar computed tomography images of the left anterior descending artery (a-c) of a 45-
year-old male patient (88 kg, 170 cm, heart rate 66 bpm) obtained by ECG-triggered high-pitch acquisition using 
ADMIRE 3 (a), ADMIRE 4 (b), ADMIRE 5 (c).  
 

un
co

rre
cte

d p
roo

f



 

 

 
a 

un
co

rre
cte

d p
roo

f



 

 

 
b 

un
co

rre
cte

d p
roo

f



 

 

 
c 
Figure 4. a-c. Curved multiplanar computed tomography images of the left main coronary artery (a-c) of a 45-year-
old male patient (88 kg, 170 cm, heart rate 66 bpm) obtained by ECG-triggered high-pitch acquisition using 
ADMIRE 3 (a), ADMIRE 4 (b), ADMIRE 5 (c).  
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