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Abstract

Introduction: The use of serial coronary computed tomography angiography (CCTA)
allows for the early assessment of coronary plaque progression, a crucial factor in
averting major adverse cardiac events (MACE). Traditionally, serial CCTA is assessed
using anatomical landmarks to match baseline and follow-up scans. Recently, a tool has
been developed by Cao etal. thatallows for the automatic quantification of local plaque
thickness differences in serial CCTA utilizing plaque contour delineation.

The aim of this study was to determine thresholds of plaque thickness differences that
definewhetherthereis plaque progression and/or regression. These thresholds depend
on the contrast-to-noise ratio (CNR).

Methods: Plaque thickness differences between two scans acquired at the same moment
in time should always be zero. The negative and positive differences in plaque contour
delineation in these scans were used along with the CNR in order to create calibration
graphsonwhichalinearregression analysis was performed. This analysis was conducted
on a cohort of 50 patients referred for a CCTA due to chest complaints. A total of 300
coronary vessels were analyzed. First, plaque contours were semi-automatically
determined forall majorepicardial coronary vessels. Second, manual drawings of seven
regions of interest (ROI) per scan were used to quantify the scan quality based on the
CNR foreach vessel.

Results: A linear regression analysis was performed on the CNR and negative and
positive plaque contour delineation differences. Accounting for the standard error of
the estimate, the linear regression analysis revealed that above 1.009-0.002*CNR there
isan increase in plaque thickness (progression) and below -1.638+0.012*CNR there is a
decrease in plaque thickness (regression).

Conclusion: This study demonstrates the feasibility of developing vessel-specific,
quality-based thresholds for visualizing local plaque thickness differences evaluated
by serial CCTA. These thresholds have the potential to facilitate the early detection of
atherosclerosis progression.
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1. Introduction

Coronary artery disease (CAD) is still the leading cause of mortality worldwide [1].
Early detection of CAD is imperative and holds the potential to prevent major adverse
cardiacevents (MACEs) [2]. There are many techniques for diagnosing CAD, one of which
is coronary computed tomography angiography (CCTA). This non-invasive imaging
modality allows for both quantitative and qualitative assessments of coronary plaque.
The use of serial CCTA, in which baseline and follow-up CCTA scans are compared, allows
for the assessment of coronary plaque progression and/or regression [3]. The feasibility
of using serial CCTA as a tool for assessing plaque changes has been demonstrated by
several studies [4—6]. However, the coregistration of coronary vessels and the subsequent
assessmentof plaque changes between baseline and follow-up scans are still conducted
manually using anatomical landmarks, as depicted in Fig. 1.

Inthe contextofserial CCTAanalysis, itis crucial that the assessmentis done from asimilar
longitudinal viewing angle. Afterwards, coronary plaque differences are calculated
based on the two-dimensional (2D) transversal view, and experts visually assess and
grade the changes. However, the manual selection of viewing angles and landmarks for
alignmentis time consumingand potentially introduces bias [7]. Moreover, determining
whether the difference in the amount of plaque thickness at a certain angle is caused by
genuine changesor by adifferentviewingangle in the multiplanar reconstructions poses
achallenge. Recently, Cao etal. developed a novel method for the automaticalignment of
baseline and follow-up scans. This method enables direct visualization of plaque changes
by calculating plaque thickness differences between baseline and follow-up scans from
automatically delineated lumen and vessel wall contours. This tool was validated on
artificial datasets. Thresholds of 0.5 mm for plaque progression and - 0.5 mm for plaque
regression were found to differentiate between minor deviations and actual plaque
changes [7].

The accuracy of the automatic delineation of coronary vessel and lumen contours is
dependent on the scan quality, which, in turn, depends on several factors such as the
image noise, movement artefacts, and numerous scan parameters [8]. Consequently,
thresholdsare necessary to differentiate actual changesin plaque thickness from changes
caused by inaccuracies in vessel and lumen wall delineation. The scan quality on CCTA
can be quantified using the contrast-to-noise ratio (CNR), as this can be indicative of the
quality (i.e., detectability) of the contrastin the vessel of interest [9,10]. This study aimed
to use the CNR to develop vessel specific thresholds which can be used in combination
with the aforementioned tool for plaque assessment on serial CCTA.
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Chapter 3

Fig.1 Example, adapted from Weberetal. [5], of a patient who has undergone serial coronary computed
tomography angiography (CCTA); the baseline scanis shown in panel A and the follow-up scan is shown
in panel B. Plaque delineation is marked by the orange and yellow lines representing the vessel and
lumen, respectively. A total of three newly formed calcified plaques are seen in the follow-up scan, as
marked by the blue arrows. In this case, the branching of the circumflex (Cx) artery may be used as an
anatomical landmark for co-registration by visual analysis. LAD left anterior descending artery, LM
left main artery, mm millimeters

2. Materials and Methods

2.1 Patients

Fifty randomly selected patients from the Leiden University Medical Center, the
Netherlands, who had chest pain complaints and were referred for a CCTA were
included in the current study. Two different phase reconstructions from the same scan
from each patient were chosen; the two reconstructions were in the range of either
70—80% or 30—80% for the entire cohort. In principle, this meant that plaque thickness
differencesshould have been absent, as both phases were made almost simultaneously.
The compared reconstructed phases were always within the same RR interval,
which constitutes the time between two successive R waves of the QRS signal on the
electrocardiogram (ECG). The compared phase pairs were always within the same gated
window; either 70-80% or30—80%, and always constituted a 75% phase and arandomly
reconstructed other phase. All data were clinically acquired and retrospectively analyzed.
Theinstitutional review board of the Leiden University Medical Center, the Netherlands,
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approved this retrospective evaluation of clinically collected data and waived the need
forwritteninformed consent. This study was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

2.2 Data acquisition

CCTAwas performed using a320-rowvolumetricscanner (Aquilion ONEand Aquilion ONE
Genesis Edition, Canon Medical Systems, Otawara, Japan). Heartrate and blood pressure
were monitored 1h before CCTA. Metoprolol (from 25 mg up to 150 mg) was administered
orally to patients exceeding a heart rate of 60 beats per minute (bpm) provided that no
contraindications were present. Additional metoprolol was injected intravenously if the
heartrate remained above 60 bpm. Nitroglycerin (0.4 mg) was administered sublingually
4 min prior to CCTA. The scan parameters were as follows: a detector collimation of 320
X 0.5 mm, a 275-ms gantry rotation time, and a temporal resolution of 137 ms for the
Aquilion ONE Genesis Edition; a detector collimation of 320 x 0.5 mm, a 350-ms gantry
rotation time, and a temporal resolution of 175 ms for the Aquilion ONE. The peak tube
voltage was 100—135 kV with a tube current of 140—580 mA for both scanners. 70—80%
of the RR interval was scanned using prospective ECG triggering. When the heart rate
was above 65 bpm, 30—80% of the RR interval was scanned. The first 50—90 ml of
contrastagent (lomeron 400, Bracco, Milan, Italy) was administered in the antecubital
vein. Thereafter, 20 ml of a 1:1 mixture of contrast and saline and finally 25 ml of saline
were administered. CCTA was performed at the next beat when the threshold of 300
Hounsfield units (HU) was reached in the descending aorta. The protocol settings were
the same for the Aquilion ONE and Aquilion ONE Genesis Edition; a tube voltage of 100
kV was generally used. A 120-kV tube voltage was used for patients who had a weight
exceeding 130 kg and/or were bearing an implantable cardioverter-defibrillator (ICD).
Tube current ranged between 300 and 900 mA depending on patient size. Field of view
(FOV) was also dependent on patient size and ranged between 200 and 280 mm. Image
reconstruction was done using iterative reconstruction by means of adaptive iterative
dose reduction-3D (AIDR-3D) enhanced for the Aquilion ONE Genesis Edition and AIDR-
3Dforthe Aquilion ONE using the FCo3 reconstruction kernel for both scanners. Iterative
reconstruction strength was set at mild, standard, or strong depending on the image
noise. Image size was set at 512 x 512. The slice thickness of the reconstruction was 0.25
mm for all but two of the reconstructed phases, which had a slice thickness of 1.0 mm.

Itisimportant to note that the protocol and image reconstruction settings remained
consistent for all compared reconstructed phases.

2.3 Data processing

Dicom images were transferred to an offline workstation for analysis. Dedicated
software (QAngio CT Research Edition v3.1.5.1, Medis Medical Imaging, Leiden, the
Netherlands) was employed to conduct automatic tracing of the coronary arteries and
the semi-automaticdetection of the lumen and vessel wall contours. The contours were
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corrected manually if needed, whilst the reader was blinded to the results of the other
phase. Coronary artery tree extraction and vessel selection are depicted in Fig. 2.

A software program developed in house by Cao et al. [7] was employed to extract the
threedimensional (3D) lumen and vessel wall surface models of the three main arteries
in each of the two scans. The software co-registers both 3D models and encodes the
local plaque thickness differences between the two scans on the surface of a model.
Subsequently, ParaView (version 5.9.0) was utilized for the 3D visualization of the
generated models.

Fig. 2 The complete coronary tree is extracted from the CCTA. In this example, the left anterior
descending artery (LAD) is marked in blue for performing plaque delineation. LM left main artery, pLAD
proximal left anterior descending artery, dLAD distal left anterior descending artery, pRCA proximal
right coronary artery, pCX proximal circumflex artery, LCX left circumflex artery, D1 first diagonal
artery, OM1 first obtuse marginal artery, mLAD mid left anterior descending artery, CCTA coronary
computed tomography angiography

2.4 Scan quality

Inorderto quantifyimage quality, the CNR was calculated separately for the left anterior
descendingartery (LAD), the right coronary artery (RCA), and the circumflex artery (Cx).
We opted to use CNR as a metric to quantify image quality as this has been proven to
affectthe accuracy of CCTA. Furthermore, ithas been demonstrated thatareduced CNR
results in a reduced sharpness of vessel visualization. The latter negatively influences
plaque visualization and thus also software-aided plaque delineation [11,12]. Contrary
to the signal-to-noise ratio (SNR), CNR serves as a quantitative metric for low-contrast
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lesion detection: the higher the CNR between lesion and background, the more likely
the detection of the lesion [13]. Although the SNR and CNR formulas are similar, SNR
lacks specificity, as it does not consider the mean intensity of the surrounding epicardial
tissue [14]. Therefore, CNR presents superior significance in contrast-enhanced scans like
CCTA, asitisameasure ofimage quality based ona contrast [15]. A total of seven regions
of interest (ROIs) per patient were defined for the measurement of the intensity values
and the subsequent calculation of the CNR. The first ROl was placed in the ascending
aorta, superior and in close proximity to the origin of the RCA, to define image noise.
Thereafter, three ROIs were placed in the most proximal part of each coronary vessel. The
final three ROIs were placed in the epicardial tissue surrounding each vessel, adhering
tothesameslice positionand in spatial proximity to the ROl in the corresponding vessel.
ROI placement was performed meticulously to exclude calcifications, plaques, vessel
walls, and any potential image artifacts. Figure 3 depicts an example of a patient with
ROIs placed inthe aorta, LAD, and surrounding epicardial tissue.

The CNR was subsequently calculated for each vessel using the following formula:

Hyessel — /“Lepicardial tissue

CNR =

O-aorta

In which: Hvessel represents the mean HU intensity of the specific coronary vessel,
Hepicardial tissue represents the mean HU intensity of the epicardial tissue in spatial
proximity to the specific coronary vessel and Caorta represents the standard deviation
of the HU intensity in the ascending aorta.

W/L: 1000/0

Fig.3 Regions of interestare manually drawn in the aorta (A), proximal LAD (B), and the corresponding
epicardial tissue surrounding the LAD (C). This means of operation is the same for the Cx and the RCA.
LAD left anterior descending artery, Cx circumflex artery, RCA right coronary artery
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2.5 Negative and positive thresholds

Coronary lumen and vessel wall contours are detected in the multi-planar reformatted
images of the artery. Based on the detected lumen and vessel wall contours, the plaque
thicknessata certain locationinanartery can be calculated. Thisis done by calculating the
distance between the points at which the lumen contourand the vessel contourintersect
with the line through the lumen center. The change in plaque thickness is determined as
the difference in plaque thickness at the corresponding location between scans [7]. Itis
importantto note thatthe accuracy of contoursand thus plaque delineationis dependent
on the scan quality [16]. Therefore, thresholds are needed to filter out insignificant
changes in plaque thickness differences resulting from variations in contour quality.
Figure 4 depictsaclinical example of a case with plaque progressionin the LAD thatshows
the importance of using thresholds for plaque thickness change visualization.

Inordertoestablish vessel-specificthresholds, calibration graphs were created between
the lowest measured CNR of a vessel in both phases and the largest negative and
largest positive differences in plaque thickness measurements between two-phase
scans. For each patient, two different reconstructed phases from the same scan were
compared. As plaque differences between two reconstructed phases from the same
scan and from the same patient should always be zero, it is possible to compare both
phasesinatwo-way manner. Hence, foreach patient, two values of the plaque thickness
difference were obtained, yielding a total of 100 values. Subsequently, any plaque
thickness delineation differences between two-phase scan sets had to be attributable
todifferentfactorssuchasscan quality. The software tool from Cao etal. [7] was utilized
for automatically calculating the negative and positive plaque thickness differences.
Subsequently, the largest negative and largest positive thickness differences were
plotted against the vessel-specific CNR. Linear regression facilitates the determination
of the linear relationship between a dependent and independent variable, in this case
plaque thickness difference and CNR, respectively. Formulas were derived through
linear regression analysis conducted on the aforementioned charts using SPSS software
(version 25, SPSS IBM Corp., Armonk, New York). The standard error of the estimate
which is used in linear regression analysis was multiplied by a value of one instead of
the customary two. This was done pragmatically in order to ensure that the model was
capable of detectingrelatively small plaque changes with regard to the average coronary
lumen diameter, which is between 3 and 4 mm [17]. A detailed step-by-step flowchart
depicting the aforementioned process is presented in Fig. 5.
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Serial CCTA with vessel-specific thresholds
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Fig. 4 A newly formed plaque is observed in the proximal LAD, as marked by the blue arrow (A). No
other vessels have plaque (changes). Multiple areas are identified as having plaque progression
using cutoffvalues of - 0.5 and 0.5 (B). Larger cutoff values of - 0.75 and 0.75 still do not allow plaque
progression to be discerned in the RCA and the middle part of the LAD, as marked by the red areas
(C). Finally, cutoff values of - 1.0 and 1.0 seem to correlate well with the visual observations in panel
A (D). This demonstrates the importance of using cutoff values, yet the adaptive values must still be
calculated using the CNR as a marker of scan quality. Plaque thickness differences are given in mm. BA
baseline, FU follow-up, RCA right coronary artery, LAD left anterior descending artery, Cx circumflex
artery, CNR contrast-to-noise ratio

PlaqueThickness_Difference
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Chapter 3

Coronary tree extraction

ROI placement in RCA, LAD, Cx,
corresponding epicardial tissue and Semi-automatic delineation of vessel
aorta for subsequent CNR and lumen contours
calculation

Automatic calculation of maximal and
minimal differences between vessel and
lumen contours in 2 scan phases made
in the same timeframe

Applying linear regression analysis to
minimal and maximum differences and
CNR

Fig. 5 Flowchart depicting the process of creating formulas for thresholds of plaque differences using
scan quality. ROI region of interest, CNR contrast-to-noise ratio, RCA right coronary artery, LAD left
anterior descending artery, Cx circumflex artery

2.6 Inter-observer measurements

Arandom set of 15 scans were utilized for interobserver measurements, resulting in the
analysis of 45 coronary vessels. Observer AB (with 13 years of experience in cardiovascular
image analysis) also drew a total of seven ROlIs per patient for CNR measurements.
Thereafter, the calculated CNR values were compared to those obtained by observer FY
(with 3years of experience in cardiovascularimage analysis). Subsequently, correlations
were tested using Pearson’s correlation coefficient.
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3. Results

A total of 300 coronary vessels were used for the current analysis. The average CNR
value was 13.4 + 3.6. The average positive and negative differences in measured plaque
thickness were 0.7+ 0.3 and - 0.9 + 0.6 mm, respectively. A more detailed description of
the values pervessel is depicted in Table1.

Table 1 Detailed description of the values found per vessel. All values are the mean +
standard deviation. CNR contrast-to-noise-ratio, LAD left anterior descending artery,
RCA right coronary artery, Cx circumflex artery, Mm millimeters

Mean CNR Mean positive difference Mean negative difference
LAD 13.343.6 0.6+0.4mm -0.8+0.6mm
RCA 13.743.6 0.7+0.4mm -1.0+0.6mm
CX 13.343.5 0.5+0.2mm -0.8+0.6mm

Atrend was observed for the relationship between the higherand lower CNR values and the
subsequent positive and negative plaque thickness differences, asdepictedin Figs. 6 and 7.

Alinearregression analysis was performed forall the positive and negative differencesin
plaque thickness along with the CNR calculated pervessel. Along with the standard errors
of the estimate—which were 0.349 and - 0.61, respectively, for the positive and negative
differences—this analysis yielded the following formulas:

Positive difference = ((0.660 — (0.002*CNR)) + 0.349
Negativedifference = ((—1.028 4+ (0.012*CNR)) — 0.61

Positive and negative plaque thickness differences are expressed in mm.
Theinter-observer correlation for CNR values was excellent, with a correlation coefficient
of 0.872 (p <0.001). Figure 8 demonstrates the correlation between CNR measurements
done by observers FY and AB.
Theapplication of the aforementioned formulas along with the corresponding thresholds
isshown in the two examples depicted in Figs. 9and 10. Itisimportant to emphasize that

adistinct threshold was applied for each vessel, which was determined from the lowest
CNR observed in that vessel across both the baseline and the follow-up scans.
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standard error of the estimate. A trend is observed in which higher CNR values (related to higherscan
quality) and lower CNR values (related to lower scan quality) correspond to lower and higher positive
differences in plaque thickness, respectively. Positive differences are given in mm. Se standard error
of the estimate, LAD left anterior descending artery, RCA right coronary artery, Cx circumflex artery,
CNR contrast-to-noise ratio
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Serial CCTA with vessel-specific thresholds

Fig.7 Negative differences in plaque thickness are plotted against the respective CNR of the specific
vessel. The dotted line represents the relationship between CNR and negative difference including the
standard error of the estimate. A trend is observed in which higher CNR values (related to higher scan
quality) and lower CNR values (related to lower scan quality) correspond to higher and lower negative
differences in plaque thickness, respectively. Negative differences are given in mm. Se standard error
of the estimate, LAD left anterior descending artery, RCA right coronary artery, Cx circumflex artery,

CNR contrast-to-noise ratio
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Fig. 8 Correlation between CNR measurements done by observers FY and AB. CNR contrast-to-noise

ratio
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Fig. 9 Patient with a newly formed calcified plaque only in the proximal LAD after 7 years follow-up,
as marked by the blue arrow (A and B). The CNR was calculated separately for the LAD, RCA, and Cx.
CNRvalues of10.7,9.3, and 9.2 were found for those vessels, respectively (C). Using the aforementioned
CNRvalues, thresholds (positive and negative) were calculated for each vessel separately. Subsequent
visualization of the coronary tree with those thresholds clearly demonstrates the plaque change in the
proximal LAD, as marked by the red area and blue arrow (D). Plaque thickness differences are given
in mm. BA baseline, FU follow-up, RCA right coronary artery, LAD left anterior descending artery, Cx
circumflex artery, CNR contrast-to-noise ratio
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Serial CCTA with vessel-specific thresholds
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Fig.10 Patient with newly formed plaquesin the LAD, Cx, and RCA, as marked by the blue arrows, after
6 years of follow-up (A). The CNR was calculated separately for the LAD, RCA, and Cx. CNR values of
9.0,12.8,and 13.6 were found for those vessels, respectively (B). Using the aforementioned CNR values,
thresholds (positive and negative) were calculated for each vessel separately. Subsequent visualization
of the coronary tree with those thresholds clearly demonstrates the plaque changes in the LAD, Cx,
and RCA, as marked by the red areas and blue arrows (C). Note that the newly formed plaque in the
proximal RCA is not visualized as it is on the opposite side of the vessel. This is also the case with the
Cx: a major part of the newly formed plaque is on the opposite side of the vessel. Plaque thickness
differences are given in mm. BA baseline, FU follow-up, RCA right coronary artery, LAD left anterior
descending artery, Cx circumflex artery, CNR contrast-to-noise ratio
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4. Discussion

In this study, we have proposed a method for the objective assessment of plaque
dynamics using patient-specificthresholds on CCTA. These thresholds were obtained by
using calibration graphs with two-phase scan setsin which negative and positive plaque
thickness differences were plotted against the subsequentscan quality calculated asthe
CNR. The results demonstrate that the use of these vessel-specific thresholds allows for
thedirectvisualization and quantification of plaque thickness differences, and they show
goodvisualagreementwith the plaque localization. Itisimportant tostress thatalthough
there is no gold standard for plaque change validation in the current study, an artificial
validation of the proposed method was done by Cao et al. Their study demonstrated
excellentcorrespondence between calculated plaque differences and artificially created
plaque changesin coronary arteries [7].

Calibration graphs and a subsequently performed linear regression yielded a very slight
trend regarding the CNR and negative and positive plaque thickness differences. Further
analysis of these formulas reveals that changesin CNR only mildly affect the subsequent
threshold. Positive and negative plaque thickness thresholds of 0.982 mm and -1.472
mm are found, respectively, if we utilize the average CNR value of 13.4. Previous studies
by Fayad etal. indicate that the average vessel wall thickness ranges from 0.75+ 017 mm
for healthy segments to an average thickness range of 4.38 + 0.71 mm for large plaques
causing stenosis of C 40% [18]. The positive and negative plaque thickness thresholds
found in our study using the average CNR would be clinically applicable as they fall in
between the range of values for healthy and atherosclerotic segments found by Fayad
etal. The inter-observer correlation for CNR values was excellent. Hence, differences in
ROl placement caused by inter-observervariability will only have a very minorimpacton
the final formulas. Furthermore, Papadopoulou et al. demonstrated that inter-observer
agreement for the detection of atherosclerotic segments using plaque delineation
was strong (Cohen’s kappa coefficient K=1.0) [19]. This is especially important, as the
detection of serial plaque changesis dependent on the plaque delineation in subsequent
baseline and follow-up scans.

A greatadvantage of the proposed method for the assessment of serial plaque changes,
as opposed to the current method based on the calculation of the plaque’s volume, is
that changes can be visualized locally. Furthermore, our method of visualizing plaque
differences is not affected by the size of the vessel, which is an advantage compared
to the current method [20—22]. Visualizing the location(s) of plaque changes in the
subsequent coronary vessel(s) may be especially beneficial for patients undergoing
coronary catheterization as this can guide clinicians to the location(s) of interest.
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4.1 Limitations

This study has several limitations which are innate to its novel nature and retrospective
design. A major limitation is the absence of a gold standard for the assessment of
plaque changes aside from visual assessment. For the analyzed patient population, no
intravascular imaging like intravascular ultrasound (IVUS) was available to serve as a
high-resolution ground truth. As thresholds are used in the output 3D model, there is a
possibility of “missing” plaque changes that are below the threshold, and unfortunately
there is no method to objectify this possibility. Contrastingly, there is also a chance of
“exaggerating” plaque changes if the lumen or vessel wall is incorrectly delineated.
The use of one times the standard error instead of the more conventionally used two
times its value will statistically also lead to more false-positive plaque changes, as the
confidence interval is then set at around 68%, in contrast to the “regular” 95%. On the
other hand, having relatively low negative and high positive thresholds as compared
to the average coronary lumen size would lead to more false negatives [17]. Ultimately,
we used one standard error from a pragmatic perspective, as this would ensure the
detection of relatively small plaque changes. Furthermore, despite not having a gold
standard for plaque change validation, plaque changes that are potentially wrongfully
detected may be dismissed, as visual assessment remains a form of ground truth. The
CNR was calculated at the proximal part of the vessel. However, CNR values can change
upon moving more distally in the subsequentvessel, as was demonstrated by Yokota atel.
Fortunately, the differences between proximaland distal locations were found to be small
[23]. Yet, the possibility that plaque thickness delineation is affected by the location in the
vessel cannot be excluded. Also, the CNRiitselfis very sensitive to the background location
in the epicardium, which leads to biased inter-observer measurements. The correlation
coefficientfound forinter-observer correlations regarding CNR measurements was very
strong. The vast majority of the reconstructed phases had a slice thickness of 0.25 mm,
yet two phases were reconstructed using a 1.0-mm slice thickness. A study by Alshipli
and Kabir has demonstrated that the effect of slice thickness onimage noise is extremely
minor [24]. Furthermore, itis worth noting that 98% of our cohort utilized a 0.25-mmsslice
thickness; they greatly outnumber the 2% that was reconstructed based ona1.0-mmslice
thickness. Hence, a potential bias caused by these slice thickness differences would be
highly unlikely.

Finally, it must be noted that although the demonstrated method may visualize plaque
differences locally, it is often more effective to determine the total plaque burden with
regard tothe managementof patientswith CAD. Thisisdue to the factthatatherosclerosis
is a dynamic process that changes constantly. Hence, placing emphasis on the entire
atherosclerosis process and global imaging of the heart represent a better approach
than focusing on a single plaque [25]. Also, a recent development has been the use of
positron emission tomography (PET) using 18F-NaF, which has the ability to detect the
active microcalcification thatis believed to represent unstable plaques. Thisis contrary to
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computed tomography (CT) scans, which detect macrocalcifications, as these represent
stable areas where the atherosclerotic disease is quiescent [26].

As the goal of this study was to develop vessel-specific thresholds for the direct
visualization of plaque thickness differences, more testing and further investigation
are needed.

5. Conclusion

The development of patient-specific plaque thickness thresholds seems feasible and
allows for the direct visualization of plaque thickness differences in serial CTA, as
demonstrated by these preliminary results. However, currently this study must be
interpreted as a proof of concept for determining and using threshold values for clinical
data. In the future this methodology may be used for the assessment of plaque changes
on serial clinical CCTA scans, preferably combined with serial IVUS acquisition or a
thorough cardiac phantom study.
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