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Abstract
Purpose: To compare the quantitative and qualitative image quality of hybrid (HBIR) and model based
(MBIR) iterative reconstruction during coronary Computed Tomography Angiography (CTA). 

Materials and Methods: Institutional review board approved this retrospective study. Patients (n=200)
underwent a single coronary CTA with two iterative reconstruction techniques. Group A employed HBIR
and group B employed MBIR. Quantitative and qualitative image quality was compared for each
group. The mean attenuation values and signal-to-noise ratio (SNR) of each group were compared. Visual
grading characteristics (VGC) and Cohen’s Kappa methodology were measured employing an image
quality scoring system for coronary CTA. Receiver operating (JAFROC) and stenosis severity were
compared with conventional coronary angiography. A p-value <0.05 was considered statistically
signi�cant.  

Results:

Mean attenuation values (HU) in the HBIR group were signi�cantly greater in the cusp (564.18±118.71)
and left coronary (517.59±118.63) whilst in the MBIR group, the right coronary (531.67±138.93), left
anterior descending (529.82±120.6) and left circum�ex (538.32±132.94) arteries were signi�cantly higher
(p<0.001).  The SNR was signi�cantly greater in MBIR (5.32±1.1) compared to HBIR (3.64±0.8)
(p<0.0001), with MBIR being superior to HBIR in the total and individual segments of the coronary
arteries. VGC image quality assessment demonstrated that readers preferred HBIR over MBIR (p<0.001).
Analysis of JAFROC data demonstrated a signi�cant difference in detection of coronary stenosis in RCA
(p<0.021), LCA (p<0.0001) and LD (p<0.0001) with HBIR showing overall smaller variability range
compared to MBIR.  

Conclusion: When comparing quantitative and qualitative image quality, MBIR was superior in the former,
whilst HBIR was superior in the later. Coronary artery stenosis assessment demonstrated less variability
in diagnosis when using HBIR compared to MBIR. This highlights the need for careful attention when
employing iterative reconstruction in order not to impact clinical outcomes.

Introduction
The rapid advances in CT technology have allowed signi�cant radiation dose reduction by employing
sophisticated image reconstruction algorithms (1). These iterative reconstruction (IR) algorithms were
introduced in 2008 with the aim of reducing image noise and radiation dose while increasing con�dence
in pathology detection (2, 3, 4). However, while there is signi�cant advances in radiation dose reduction, a
great lag still remains in determining and optimizing the reconstruction techniques that enables reliable
pathology detection with reasonably lower radiation dose levels (5).

CT image reconstruction techniques have evolved from �ltered back projection (FBP), to hybrid based
and model-based iterative reconstruction (HBIR, MBIR) (2). There are three considerations that need to be
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understood when describing how the different types of iterative reconstruction were conceived. First:
Forward model driven reconstruction techniques employ arithmetic-based techniques which is commonly
used in FBP, second: statistical models use image noise reduction and �nally: image property restoration
utilizes a comparison between the acquired data with the reconstructed image. Any combination of these
three methods is employed to create HBIR or MBIR. HBIR (iDose, SAFFIRE, IRIS, ASIR, AIDR) employs both
FBP and IR in different proportions to achieve optimal image reconstruction. MBIR (iMR, Veo) uses a
probabilistic method, deriving a statistical cost function by incorporating X-ray physics and computed
tomography (CT) optics modelling to reduce noise and artifacts (6). Image reconstruction with the full
MBIR algorithm is time-consuming and requires intensive computer power, however, a faster
partial/advanced version has been developed to be compatible with lower computational requirements
(7).

With the increasing use of coronary CTA in the acute setting (8), and increasing computers processing
capabilities, IR has become a standard in image reconstruction (9). This is also due to the general
limitations of FBP. When employing FBP in coronary CTA it has high diagnostic accuracy in selected
patient groups (10), but is also associated with high doses of radiation, sensitivity to image noise and
artefact, and poor low contrast detectability (sensitivity ranging from 81–99%, speci�city ranging from 64
to 92%) (10).

In the setting of coronary CTA, high-density structures like calci�cation or stents are subject to artefacts,
increased image noise and decreased image quality which can affect diagnostic performance (11–15).
Despite extensive research, there is a lack of accurate comparison or head-to-head studies between the
images produced by MBIR and the hybrid techniques. One piece of literature compared MBIR to hybrid
modalities in coronary CTA, demonstrating the superiority of MBIR to HBIR in subjective image quality
analyses. Images reconstructed using MBIR had reduced radiation exposure than those reconstructed
using HBIR and demonstrated a signi�cantly higher mean attenuation value then HBIR. However, this did
not necessarily translate to greater reader con�dence in pathology detection and diagnostic interpretation
with higher values awarded to HBIR (16). The purpose of this paper is to compare the image quality (both
quantitative and qualitative) between HBIR and MBIR during coronary CTA with the same dataset.

Materials And Methods
Ethics statement 

This study was approved by the Institutional review board of the American University of Beirut. Informed
consent was waived since this was a retrospective study.

Study Population

Patients (n=200) were referred to the radiology department of the tertiary hospital for a coronary CTA with
suspected coronary artery disease which who did not have a previous history of coronary artery disease
and in line with the current recommendations for coronary CTA referral for chest pain (17). Each patient
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that underwent coronary CTA, produced two separate image reconstruction data sets.   Group A employed
HIBR and group B employed MBIR reconstruction. The inclusion criteria include adult patient weight
ranging between 65 and 80 kg. The exclusion criteria include the presence of congenital cardiac
malformation. Patients heart rate was controlled using beta blockers and were scanned in the range from
55 to 65 beats per minute.  There was no signi�cant difference in gender (p>0.05).  

Coronary CT Angiography protocol

ECG-gated coronary retrospective CTA was performed using a 256-channel computed tomography
scanner (Philips Brilliance iCT, Philips Healthcare, The Netherlands).  Patients were positioned supine with
arms resting on the gantry above their head.  Anterior scout was performed, with a scan range from the
apices to the diaphragm of the heart (2 cm below the lowest point). Scan range was from the carina to
2cm below the cardiac apex. Approximately 50–70 mL (Iomeron 400, 400 mg iodine/mL of contrast
agent was injected through an antecubital vein (injection rate ¼ 4.5–5 mL/s) followed by a 50-mL 1:1
mixed contrast saline chaser (4 mL/s) by using a dual-head power injector.

Imaging of a test bolus of contrast material (5 mL) was performed to evaluate the precise timing of
contrast material injection in the ascending aorta, and 65 mL of iodinated contrast material was used
during coronary CTA for all patients. The timing of contrast material administration was chosen to
optimize uniform contrast enhancement of the coronary arteries at the level of the sinus of Valsalva in
the ascending aorta. The total iodinated contrast media volume employed was 70 mL.

ECG-gated coronary retrospective CTA scan parameters employed were: detector width of 256×0.625 mm,
the pitch of 0.2:1 ratio (dependent on heart rate), rotation time of 0.27 sec, 100 kVp, 140 mA, with x,y and
z-axis modulation (DoseRight, Philips Healthcare, The Netherlands).  Scanner pitch was automatically
selected based on the patient’s heart rate range which is then cross-referenced with the pitch scanned
with and heart rate range that was in the studies inclusion criteria. 

Image reconstruction

Data was acquired employing the FBP as the standard image reconstruction technique.   The raw data
was then further reconstructed using axial slices of 0.625-mm images with the standard soft HBIR level 5
(iDose, Philips Healthcare, The Netherlands) and MBIR level 2 (iMR, Philips Healthcare, The Netherlands)
(18).  For each image reconstruction group, the phase with the least amount of coronary artery motion
was chosen for analysis, with all being reconstructed at 75% of the cardiac cycle.   This was cross
referenced with the heart rate range from 55 to 65 beats per minute, which would provide motion free
images at 75% of the cardiac cycle.  Each level is determined by a series of noise �ltering in each image
reconstruction series.  A range from 1 (low noise �ltering) compared to 6 (high noise �ltering) was used
as they were pre-set by the departments image quality manager in line with the cardiothoracic
radiologist’s acceptance of image quality.   

Quantitative Image Analysis
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Using both HIBR and MBIR techniques, the mean attenuation values and standard deviation were
obtained for the right coronary cusp, left coronary cusp, right coronary artery (segments 1,2,3, 4), left main
coronary artery (segments 5 and 6), left anterior descending artery (segments 7, 8, 9, and 10) and left
circum�ex artery (segment 11, 12, 13, 14, and 15).   The region of interest (ROI) that was used varied
between coronary diameters in each segment, however, we employed the rule of 75% of the ROI would
take the standard measurement approach for all coronary artery segments. All measurements were
performed 3 times for each patient and the averages were used for further calculation. Signal-to-noise
ratio (SNR) was calculated as: SNR=vascular attenuation/image noise. 

Qualitative Image Analysis

A comprehensive approach to qualitative image quality assessment provides the tools to evaluate the
potential impact of image quality advances on pathology detection.  Moreover, evaluating inter- and intra-
reader variability with radiologists of varying reader experience re�ect the degree of which the images
collected and the reconstruction technique used in the study correctly represent the variables being
measured. 

Reader Experience

The multi-reader analysis consisted of 4 radiologists certi�ed by the American Board of Radiology and
The Royal College of Radiologists (with 5, 6, 7, and 9 years of experience) with a mean of 6.75 years’
experience.  Readers were permitted to manipulate the axial images window width and level.  All readers
were provided with images in four reader sessions.  Each session consisted of 25 coronary CTA scans per
day over 4 days in order to reduce the possibility of reader fatigue.  The timing of the reading sessions
occurred in the �rst reading session of the day. 

Visual Grading Characteristic (Image Quality Preference)   

Visual Grading Characteristic (VGC) method was employed to illustrate the radiologist’s preference of one
image reconstruction technique over another based on qualitatively assessing image quality.  VGC
method (19) was employed since image quality scoring is subjective, which is based on numerical scores,
which allows some degree of freedom of decision making.  The rating data for each image in each group
is analyzed like receiver operating characteristic (ROC) analysis, thus the resulting curve created for all
possible thresholds of the observer ful�lling the criteria they used describes the relationship between
each group and each between each observer.  

Readers were given a quality scoring system based on modi�ed coronary CTA quality criteria previously
employed in literature (20). 1: poor, impaired image quality limited by excessive noise or poor vessel wall
de�nition; 2: adequate, reduced image quality with poor vessel wall de�nition or excessive image noise,
limitations in low contrast resolution remain evident; 3: good, impact of image noise, limitations of low
contrast resolution and vessel margin de�nition are minimal; 4: very good, good attenuation of vessel
lumen and delineation of vessel walls, relative image noise is minimal, coronary wall de�nition and low
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contrast resolution well maintained; and 5: excellent, excellent attenuation of the vessel lumen and clear
delineation of the vessel walls, limited perceived image noise. 

In addition, study interpretability was assessed. All readers were blinded to the type of iterative
reconstruction employed. Each reported the proportion of segments that were deemed interpretable for
each study compared with the number of existing segments. Studies were evaluated using a standard 15-
segment model (21).  Importantly, all segments present were included regardless of size. Diagnostic
study quality was graded �rst at a per-segment level with a segment deemed diagnostic if it could be then
assessed for the presence and degree of stenosis.   

Image review was performed in a darkened room with lux of 25.  Images were presented in six sittings of
400 randomized image sets divided among the six sittings. The viewing screen was brie�y turned black
between each image to avoid persistence of the image on the reader’s retina, and each of the three or four
viewing sessions was limited to 90 minutes to prevent reviewer fatigue. 

Inter- and Intra-reader variability (Image Quality Agreement between readers)

Employing multiple readers at varying levels of reader experience can potentially give bias toward inter-
and intra-reader variability.  More importantly, many situations require multiple readers in one case that
increases the consistency/agreement when reviewing the same image or pathology.   In our study, for
each Group (HIBR and MBIR), the inter- and intra-observer agreements were calculated using Cohen κ
analysis. Speci�cally for this work, the image score that was given for image quality was used to
calculate the inter- and intra-reader agreement.  A k value 0.60 to 1, 0.41 to 0.60, 0.21 to 0.40, and less
than 0.20 was considered excellent, moderate, fair, and poor agreement, respectively.

Diagnostic E�cacy (Pathology Detection Con�dence) 

Receiver operating characteristic (JAFROC) methodology was employed to illustrate radiologist
con�dence intervals to detect pathology. A score of 1 through 5 was assigned to each image based on
the rating, stenosis grading and percentage of each coronary segment: 

Category Stenosis Grade Stenosis Percentage

1 Normal 0 %

2 Minimal 1-24 %

3 Mild 25 – 49 %

4 Moderate 50 – 69%

5 Severe > 70%

 Quatitative and qualitative measurements of all images were performed using a primary reporting
workstation (IMPAX 6.3.1, AGFA) with a greyscale standard display function (GSDF)-calibrated 3-



Page 7/18

megapixel monitor.  This monitor was a self-calibrating displays which eliminated the need for luminance
response measurement except at annual test. 

Statistical analysis

Analyses were conducted using SPSS 24 for Windows (SPSS Inc, Chicago, IL). Results were considered
statistically signi�cant if p≤0.05. Categorical variables are presented as frequencies with percentages,
and continuous variables are presented as means ± standard deviations.  Patients were divided into two
groups (Group A: HBIR and Group B: MBIR) between each reconstruction. To compare means between
opaci�cation of the coronary segments, an student t-test was performed between the two reconstruction
protocols.

Reader agreement rules and a jackknife alternative free-response receiver operating characteristic
(JAFROC) �gure of merit (FOM) were used to compare reader performance between dose levels using a
VGC analyser tool (22, 23). Reader agreement rules are on the basis of the identi�cation of essential
stenosis. Reader agreement rules were classi�ed in a binary fashion so that patients who were positive
for stenosis required the identi�cation of all essential stenosis, and patients who were negative for
stenosis required no false-positive localizations by two or more readers. Data was analysed by employing
the Bath and Mansson non-parametric rank-invariant statistical method for image quality evaluation (24,
25). 

Results
Quantitative Analysis

Coronary Cusp: The mean attenuation values in the coronary cusp were signi�cantly greater in the HBIR
(564.18 ± 118.71 HU) compared to MBIR (526.45 ± 113.38 HU) with a maximum increase in the former by
7% (p<0.027, r=0.992).

Right Coronary Artery: The mean attenuation values in the right coronary artery segments were
signi�cantly greater in the MBIR (531.67 ± 138.93 HU) compared to HBIR (477.12 ± 158.86 HU) with a
maximum increase in the former by 11% (p<0.0001, r=0.987), except for segment 4 presented statistically
insigni�cant results (p>0.05)

The total left main coronary artery (segment 5):  presented statistically insigni�cant results (p>0.05).  

Left Coronary Artery: The mean attenuation values in the left coronary artery were signi�cantly greater in
the MBIR (514.9 ± 144.12HU) compared to HBIR (517.59 ± 118.63 HU) with a maximum increase in the
former by 3% (p<0.0001, r=0.934). 

Left Anterior Descending Artery: The mean attenuation values in the left anterior descending artery were
signi�cantly greater in the MBIR (529.82 ± 120.6 HU) compared to HBIR (262.86 ± 151.48 HU) with a
maximum increase in the former by 51% (p<0.007, r=0.953).
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Left Circum�ex Artery: The mean attenuation values in the left circum�ex artery were signi�cantly greater
in the MBIR (538.32 ± 132.94 HU) compared to HBIR (348.11 ± 157.86 HU) with a maximum increase in
the former by 36% (p<0.0001, r=0.93), except for segment 12, which presented statistically insigni�cant
results (p>0.05). 

All obtained results were statistically signi�cant, except for those of segments 4, 5, and 12, with p values
of 0.049, 0.407, and 0.95 respectively (r=0.992). Among the signi�cant results, greater HU values were
recorded in HBIR for the coronary cusps (p<0.003), while greater values were recorded in all other
segments for MBIR (p<0.001).

Table 1: mean attenuation values (HU) of the coronary artery segments between MBIR and HBIR.
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HBIR MBIR p value Correlation

Right Coronary Cusp 564.18 ± 118.71 541.23 ± 117.97 0.011 0.987

Left Coronary Cusp 529.82 ± 114.73 526.45 ± 113.38 0.027 0.992

Non-Coronary Cusp 540.39 ± 116.24 532.47 ± 113.22 <0.0001 0.989

     Right Coronary Artery

     Segment 1

507.67 ± 136.84 531.67 ± 138.93 <0.0001 0.906

     Segment 2 477.12 ± 158.86 530.6 ± 158.57 <0.0001 0.902

     Segment 3 484.43 ± 175.7 530.71 ± 163.93 <0.0001 0.987

     Segment 4 411.61 ± 168.86 424.88 ± 182.62 0.094 0.912

Left Main Artery (Segment 5) 520.17 ± 133.58 517.58 ± 124.83 0.407 0.974

Left Coronary Artery (Segment 6) 517.59 ± 118.63  529.82 ± 120.6 0.007 0.934

Left Anterior Descending Artery

     Segment 7

493.62 ± 145.58 514.9 ± 144.12 <0.0001 0.953

     Segment 8 408.58 ± 169.44 459.74 ± 173.8 <0.0001 0.923

     Segment 9 366.81 ± 143.43 406.21 ± 157.58 <0.0001 0.885

     Segment 10 262.86 ± 151.48 302.94 ± 160.63 <0.0001 0.897

Left Circum�ex Artery

     Segment 11

516.12 ± 132.62 538.32 ± 132.94 <0.0001 0.931

     Segment 12 327.48 ± 144.49 327 ± 167.63 0.95 0.908

     Segment 13 498.75 ± 129.43 531.12 ± 133.84 <0.0001 0.901

     Segment 14 378.6 ± 168.26 427.23 ± 172.16 <0.0001 0.928

     Segment 15 348.11 ± 157.86 381.59 ± 168.3 <0.0001 0.918

Note: ± is denoted as the standard deviation

Signal to Noise ratio (SNR) 

There was signi�cant difference in SNR between both groups (p<0.0001), with group MBIR (5.32±1.1)
being superior to group HBIR (3.64±0.8) in the total and individual segments of the coronary arteries
(Figures 1 and 2).

Visual Grading Characteristic (Image Quality Preference)   
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VGC image quality assessment (table 2) demonstrated that readers preferred HBIR over MBIR (p<0.001),
except for those in segment 1 and 2 of the right coronary artery (p<0.001). 

Table 2: Visual grading characteristic area under the curve (AUCVGC) values of the coronary artery
segments between MBIR and HBIR.

Segment HBIR MBIR p value

Right Coronary Cusp 0.491 ± 0.013 0.489 ± 0.021 0.003

Left Coronary Cusp 0.497 ± 0.013 0.484 ± 0.056 0.003

Non-Coronary Cusp 0.598 ± 0.065 0.479 ± 0.009 0.003

Right Coronary Artery

     Segment 1

0.475 ± 0.079 0.483 ± 0.015 0.001

     Segment 2 0.491 ± 0.036 0.512 ± 0.029 0.001

     Segment 3 0.515 ± 0.046 0.505 ± 0.054 0.004

     Segment 4 0.527 ± 0.069 0.505 ± 0.059 0.032

Left Main Artery (Segment 5) 0.518 ± 0.021 0.499 ± 0.091 0.001

Left Coronary Artery (Segment 6) 0.498 ± 0.086 0.464 ± 0.017 0.001

Left Anterior Descending Artery

     Segment 7

0.507 ± 0.051 0.469 ± 0.033 0.001

     Segment 8 0.494 ± 0.052 0.477 ± 0.036 0.001

     Segment 9 0.507 ± 0.039 0.478 ± 0.036 0.001

     Segment 10 0.496 ± 0.018 0.489 ± 0.013 0.002

Left Circum�ex Artery 

    Segment 11

0.502 ± 0.021 0.466 ± 0.018 0.001

    Segment 12 0.479 ± 0.037 0.473 ± 0.077 0.001

    Segment 13 0.511 ± 0.035 0.509 ± 0.013 0.001

    Segment 14 0.492 ± 0.038 0.489 ± 0.042 0.001

    Segment 15 0.516 ± 0.046 0.514 ± 0.031 0.001

Note: ± is denoted as the standard deviation 

Diagnostic E�cacy (Pathology Detection Con�dence) 
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Receiver Operating Characteristic

When comparing the diagnostic e�cacy between MBIR and HBIR, we referred to conventional coronary
angiography as the gold standard which all patients underwent prior to coronary CTA.  In all coronary
segments of the right coronary artery there was a signi�cant difference (p< 0.021) for detection of
coronary artery stenosis between both groups.  Employing HBIR protocol, the AUC ranged between 0.826
– 0.885 [95%CI 0.706-0.001] (p<0.0001) (�gure 3a) which was lower than when employing MBIR with the
AUC ranged from 0.679-0.941 [0.526-1.000] (p<0.021) (�gure 3b).

In all coronary segments of the left coronary artery, detection of coronary lesions demonstrated a
signi�cant difference (p< 0.0001) between positive and negative for pathology in both groups. Employing
HBIR protocol, the AUC ranged 0.836 – 0.888 [95%CI 0.601-1.000] (p<0.002) (�gure 3e) which was lower
than when employing MBIR with the AUC ranged from 0.809-0.962 [0.654-1.000] (p<0.0001) (�gure 3f).

In the left diagonal, detection of coronary lesions demonstrated a difference (p< 0.0001) between positive
and negative for pathology in both groups.  Employing HBIR protocol, the AUC ranged 0.874 – 0.926
[95%CI 0.792-0.956] (p<0.0001) (�gure 3c) which was equivalent employing MBIR with the AUC ranged
from 00.857-0.949 [95% Cl 0.768-1.000] (p<0.0001) (�gure 3d).

When comparing coronary artery stenosis with conventional angiography, for each of the coronary artery
segments we reviewed them and placed the stenosis scoring level for each iterative reconstruction.  For
each patient and image data set, a total of 3000 coronary segments were reviewed in conventional
coronary angiography, MBIR and HBIR. When comparing MBIR with conventional angiography for each
coronary segment and level of stenosis there was minor differences.  However, when comparing HBIR
with conventional angiography and MBIR there was an obvious difference in stenosis classi�cation.  

Table 3: Number of coronary segments in each coronary artery segment when comparing
conventional angiography with MBIR and HBIR in the identi�cation of the level of stenosis.
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  Stenosis Percentage

Normal Minimal Mild Moderate Severe

0 % 1-24 % 25 – 49 % 50 – 69% > 70%

Conventional Angiography          

RCA (n=800) 633 122 33 10 2

LM (n=200) 154 23 22 1 0

LCA (n=200) 187 13 0 0 0

LAD (n=800) 718 47 18 17 0

LCX (n=1000) 866 92 33 9 0

           

MBIR          

RCA 678 111 9 2 0

LM 188 8 4 0 0

LCA 199 1 0 0 0

LAD 769 21 8 2 0

LCX 907 89 3 1 0

HBIR          

RCA 649 121 20 8 2

LM 177 12 11 0 0

LCA 196 4 0 0 0

LAD 747 36 12 5 0

LCX 883 98 14 5 0

Inter- and Intra-reader agreement (Image Quality Agreement between readers)

Cohen Kappa Analysis

Inter-and intra-reader agreement was higher with MBIR (k = 0.39-0.91) compared with HBIR (k=0.25-0.76),
with former demonstrating excellent agreement (r = 0.693, p < 0.001).

Discussion
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The current study investigated the direct comparison of HBIR and MBIR iterative reconstruction
techniques for the evaluation of coronary artery vasculature and the impact on quantitative and
qualitative image quality as well as the accuracy of diagnosing coronary artery stenosis for the same
patient during coronary CTA. The study differs from current literature by adopting our patient as the
control group; allowing us to employ both techniques on the same coronary segments with �xed ECG-
gated scanning (100 kVp, 140 mAs, pitch 0.2:1mm/rot) and contrast media parameters and
administration (65 mL non-ionic iodinated contrast material). Our data demonstrated that MBIR had a
higher mean attenuation value in the majority of arteries, except for the coronary cusp. However, through
the interpretation of AUC data, HBIR was shown to have good discriminatory performance amongst all
radiologists, making it more robust with less intra-observed variability compared with MBIR.

Extending the Houns�eld Unit (HU) scale allows for greater visualization of objects that have a higher
density and linear attenuation coe�cient, allowing for increased visualization of speci�c body structures,
stents and artefact implants (26). Small objects, such as coronary arteries and calci�cation, can only be
resolved when they exhibit a rather signi�cant difference in HU compared to the surrounding structure.
This is achieved with dedicated reconstructive algorithms, that provide a temporal resolution equal to
ration time (360 degrees rotation, full reconstruction). The best routinely achievable temporal resolution is
slightly longer than 50% of the rotation time (180 degrees plus fan angle rotation), which can further be
enhanced with the use of a reconstruction algorithm or with the use of a dual source scanners (26, 27).
Our study achieved higher mean attenuation values with the use of MBIR in the majority of coronary
vessels when compared to the HBIR reconstruction method(p < 0.001). A similar study in 2019, found no
statistical difference in attenuation values for the LV and Ascending Aorta but was attributed to the
higher contrast medium in the control group (70 ml in HBIR) versus the study group (60 ml MBIR).
However, collective attenuation values of the three coronary arteries were greater when employing MBIR
compared to HBIR (p < 0.05), supporting our current �ndings (8). Our study also differs in that our patient
was the control group with �xed CT parameters and contrast volume administered, allowing for greater
accurate measure of attenuation values and image quality between the two methods with study
variabilities minimized whilst comparing it to the gold standard of conventional coronary angiography.
The importance of obtaining a higher mean attenuation value in our study for MBIR reconstruction
method is that it can increase the con�dence interval of radiologists when evaluating image quality and
detecting coronary artery pathology.

Previous studies have reported that MBIR can produce minimal noise-free images translating to a higher
contrast resolution to the same CT reconstructed using the HBIR (8, 28). This is bene�cial for detecting
subtle stenosis of coronary arteries. The main limitation of low contrast resolution in CCTA is image
noise, which can either be decreased by an increase in tube current (mA) at the expense of patient
exposure or by increasing slice thickness at the cost of spatial resolution (8, 27). However, with utilization
of reconstruction algorithms these compensative mechanisms can be minimized offering an alternative
method of reducing image noise. We were able to demonstrate that signi�cant differences in SNR
between both groups (p < 0.001), showing MBIR to be superior to HBIR in the total and individual segment
of coronary arteries. In terms of patient bene�ts, this means in the future; we can utilize MBIR
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reconstruction methods, without having to increase the dose or compromise spatial resolution to improve
image quality.

From a qualitative analysis standpoint, the image quality of MBIR is superior to HBIR; however, this did
not translate to reader performance. HBIR demonstrated consistent discriminatory performance, with
radiologist having greater con�dence and less variability in the interpretation of the coronary artery
segments and detection of stenosis (p < 0.0001). This could be due to the evolving nature of the
radiologist’s eye ability to detect stenosis as they are used to visualizing high levels of noise from FBP,
with MBIR containing less noise than HBIR. Similar studies have demonstrated this phenomenon in their
�ndings, suggesting that image noise and image appearance have a trade-off relationship (29). A recent
study claimed that MBIR has a unique blotchy image appearance deemed “arti�cial” or “waxy” in
appearance with regards to coronary arteries and pathology evaluation (29). This appearance was
proposed to be a contributing factor that affected the diagnostic capability. Jensen et al (30); reported
better subjective image quality despite the increase in noise associated with HBIR, with reader awarded a
higher score for image evaluation. A future study is proposed focusing on improving spatial resolution in
MBIR to have less variability and higher diagnostic performance in visual evaluation of the coronary
arteries.

Several limitations of this study must be taken into consideration. Firstly, while there is a presumption of
a reduced dose to the patient with the utilization of HBIR and MBIR reconstruction methods compared to
the traditional used of FBP, our study did not focus on measuring the dose reduction. Secondly, this study
was conducted in a single center, with only four radiologists, thus predisposing it to inter-observer
variability. Thirdly, the study is set up as a retrospective design, thus would bene�t from a pragmatic
clinical trial to con�rm results and signi�cance. Fourthly, the study sample is limited to adult patients with
a weight range between 65 and 80 kg. Finally, we did not compare heart rates and image quality per
coronary artery segment and the effect it had on coronary artery stenosis detection.

In conclusion, our study demonstrated that MBIR has superior objective image quality when compared to
HBIR with an overall higher mean attenuation value and reduced image noise in the coronary arteries.
However, this did not translate to reader con�dence, with HBIR reconstruction method having
demonstrated consistent discriminatory performance and less variability in the interpretation of the
coronary artery segments and associated pathology. Further research is proposed, looking at the role
spatial resolution has in improving reader con�dence outcome for MBIR.
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Figures

Figure 1

52-year-old male presents with chest pain. Image (a) three-dimensional volume reconstruction of the
coronary arteries. Image b: HBIR of the coronary segments and the coronary cusp demonstrating inferior
image quality compared to that of Image c (MBIR)

Figure 2

67-year-old male presents with chest pain. Image (a) three-dimensional volume reconstruction of the
coronary arteries. Image b: HBIR of the coronary segments and the coronary cusp demonstrating inferior
image quality compared to that of Image c (MBIR). Additionally, the contrast media �ow artifact is greater
in image c than b.

Figure 3
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receiver operating characteristic for each of the coronary circulation. Images a,c,e represent HBIR for the
right, left and coronary circulation while, images b, d and f demonstrates MBIR for the same coronary
circulation.


