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Abstract

To assess the reproducibility of CT-based Leaman score (CT-LeSc). CT-LeSc can non-invasively quantify total coronary
atherosclerotic burden and is an independent long-term predictor of cardiac events. Its calculation however relies on the
subjective assessment of lesions using coronary computed tomography angiography and therefore is subject to intra- and
inter-observer variability. Inter-observer reproducibility was assessed by calculating the CT-LeSc in 50 patients randomly
selected from the SYNTAX III REVOLUTION and ABSORB trials by two separate teams, each made up of two cardi-
ologists, who reported results by consensus. For intra-observer reproducibility, the CT-LeSc was calculated in same 50
patients on two occasions eight weeks apart, by the same team of two cardiologists. The level of agreement was measured
by the weighted kappa statistic, with intra- and inter-observer variability used to evaluate the CT-LeSc’s reproducibility.
The variables evaluated by weighted kappa statistics were total number of lesions; number of calcified lesions; number of
non-calcified lesions; number of mixed lesions; number of obstructive lesions; number of non-obstructive lesions; and the
total CT-LeSc in increments of ten and five. During assessment of inter-observer variability the mean + standard deviation
(SD) CT-LeSc calculated by the first and second team was 15.36 + 5.57 versus 15.24 + 5.16. The mean of the differences
(precision) was 0.97, with a SD (accuracy) 1.17. The inter-observer variability was lowest for Leaman score in increments of
five (weighted kappa 0.93), and highest for the total number of calcified lesions (weighted kappa 0.66). During assessment
of intra-observer variability, the mean + SD CT-LeSc were 16.61 + 5.28 versus 16.82 + 5.55. The mean + SD of the differ-
ences was 1.28 + 1.02. The intra-observer variability was the lowest for Leaman score in increments of five (weighted kappa
0.93), and the highest for the total number of lesions and calcified lesions (weighted kappa 0.65). CT-LeSc has substantial
to near-perfect agreement for reproducibility.

Keywords Cardiac computed tomography angiography (CCTA) - Coronary artery disease (CAD) - CT based Leaman score
(CT-LeSc) - Reproducibility

Abbreviations Introduction

CAD Coronary artery disease

CAD-RADS Coronary artery disease reporting and data In 1979 the Leaman score was developed to quantitate the
system severity of coronary artery disease (CAD), by assigning dif-

CCTA Coronary computed tomography ferent weighting factors to coronary segments based on the
angiography theoretical average coronary blood flow to the left ventri-

CT Computed tomography cle [1]. In contemporary practice coronary computed tomog-

CT-LeSc CT based Leaman Score raphy angiography (CCTA) is increasingly being used to

assess plaque characteristics, vessel remodelling and the pro-
gression and regression of atheroma. Substantial data dem-
onstrate the strong association between the overall amount of
coronary plaque seen on CCTA and coronary heart disease
events, and such information may offer stronger prognostic
value than merely the presence or absence of clinical risk
Extended author information available on the last page of the article factors and anatomical stenoses [2—4]. CCTA can reflect the
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different components of plaque which makes it very appeal-
ing for longitudinal trials of lipid-modifying medications,
wherein the different components of plaque may change in
a differential fashion over time, and in patients with differ-
ent comorbidities such as diabetes. Notably, interventions
may have differential effects on these diverse components [5,
6]. The emerging importance of this method has motivated
applications beyond the coronary tree. The VICTORION
PLAQUE study (NCT05360446) is an ongoing CCTA study
assessing the effect of Inclisiran in addition to maximally
tolerated statin therapy on atherosclerotic plaque progres-
sion, plaque composition and atheroma volume in partici-
pants with a diagnosis of non-obstructive CAD without pre-
vious cardiovascular events.

The CCTA adapted Leaman score was developed as a tool
to noninvasively quantify total coronary atherosclerotic bur-
den. A CT Leaman score (CT-LeSc)>5 is an independent
long-term predictor of hard cardiac events and can be used
as a prognostic tool [7, 8], however, its calculation relies
on the subjective assessment of lesions using CCTA, and
therefore is subject to intra- and inter-observer variability,
which may ultimately affect its reproducibility. A poorly
reproducible score will limit its clinical application and will
make guideline recommendations based on specific scores
of limited values. Therefore, this study aimed to assess for
the first time the inter-and intra-observer reproducibility of
CT-LeSc.

Methods
Study population

The study population comprised of 50 CCTAs, which were
randomly selected from the SYNTAX III REVOLUTION
and ABSORB trials [9, 10]. Cardiac MSCT angiography
was performed using a 64-slice computed tomography
technology or beyond. Standard acquisition techniques
were used, which included the use of nitrates prior to image
acquisition and beta-blockers in patients with a fast heart
rate (> 65 bpm), tube settings depending on patient body
mass index (80-140 kV), and axial scan protocols for
patients with lower heart rates to reduce radiation doses,
all at the discretion of the individual sites. Images were
reconstructed using thin slices (0.5-0.67 mm) and medium
smooth reconstruction filters in different phases. The CT-
LeSc was calculated using semi-automated plaque analysis
software (QAngioCT Research Edition Version 2.0.5; Medis
Medical Imaging Systems, Leiden, the Netherlands). The
default window widths and levels set for the assessment of
plaque (see below) was 750 and 250 respectively. If needed,
the image display setting could be adjusted on an individual
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basis, in general at a window between 600 and 900 HU and
at a level between 40 and 250 HU.

Leaman score calculation

The CT-LeSc was calculated as previously described [11].
and in brief the score for each coronary segment was the
product of three values based on (1) plaque location [1];
(2) plaque type (noncalcified, calcified, or mixed plaques)
with a weighting factor of 1.5 for predominantly noncalci-
fied or mixed plaques, and a factor of 1 for predominantly
calcified plaques; and [3] degree of stenosis with a weight-
ing factor of 1 for the presence of obstructive CAD (visual
stenosis >50%), and 0.615 for non-obstructive CAD (Fig. 1).
The patient’s total CT-LeSc was the sum of the CT-LeSc for
each coronary segment> 1.5 mm in diameter. Three case
examples are shown in Fig. 1.

When a coronary segment had more than one plaque,
the plaques were only scored separately when they were
more than three times the vessel reference diameter apart
(Fig. 1C).

Inter-observer reproducibility

To assess interobserver reproducibility, the CT LeSc was
calculated in 50 CCTAs by two separate teams each made
up of two cardiologists, who reported results by consensus.
The “team” meant that both observers evaluated and inter-
preted the CT-Leaman score with consensus. This was done
to improve the accuracy of interpretation and to address the
uncertainty of the classification of the type of plaque in to
non-calcified vs. calcified vs. mixed.

Intra-observer reproducibility

To assess intra-observer reproducibility, the same CCTAs
were analysed 8 weeks later by the same team of two cardi-
ologists, with the analysts blinded to the results of the first
analysis.

In total, the scores were calculated three times (i.e., The
Team 1 and 2 initially performed the inter-observer analy-
sis. Eight weeks later, team 1 performed the intra-observer
analysis ).

Statistical analysis

Continuous variables are expressed as mean + standard
deviation (SD). Intra- and inter-observer variability were
determined for eight variables using weighted kappa statis-
tics that reflect the agreement between two or more observa-
tions using weight to quantify the relative difference between
categories, with the strength of agreement characterised by
kappa values <0, 0 — 0.20, 0.41 — 0.60, 0.61 — 0.80, and



The International Journal of Cardiovascular Imaging (2023) 39:2269-2277

2271

A. Nonobstructive CAD
Right Dominance
LM — NCP, <25% stenosis
Proximal LAD - MP, <25%
stenosis
Mid LAD - NCP, <25% stenosis

B. Obstructive CAD
Right Dominance
Proximal LAD — NCP, 25-49% stenosis
Proximal LCX — NCP, 25-49% stenosis
Proximal RCA — NCP, 250% stenosis
Proximal RCA - NCP, <25% stenosis

CT-Le Sc: LM (5x 1.5 x 0.615)

3.5x 1.5 x 0.615)

+ mid-LAD (2.5 x 1.5x 0.615) =
10.1475

Fig.1 Three case examples of patients with coronary artery dis-
ease stratified by different coronary atherosclerotic burden scores.
A A patient with right dominance and two non-obstructive lesions.
The left main lesion extends to the proximal LAD. The left main
and the proximal LAD segments scored separately; B a patient
with right dominance and four focal lesions (three non-obstructive
and one obstructive). Two focal lesions in the proximal RCA are

0.81 — 1.00 as none, slight, fair, moderate, substantial, and
almost perfect, respectively. The eight variables included:
total number of [1] lesions; [2] calcified lesions; [3] non-cal-
cified lesions; [4] mixed lesions; [5] obstructive lesions; [6]
non-obstructive lesions; and the total CT-LeSc in increments
of [7] ten; and [8] five. The reproducibility of CT-LeSc was
evaluated by calculating the intra- and inter-observer vari-
ability, which was defined as the difference between the cor-
responding measurements expressed as a percent of their
mean. Bland Altman plots for the CT-LeSc were used to
describe the agreement between teams and between rounds
of analysis (Figs. 2 and 3). A 2-tailed P value of <0.05 was
used to indicate statistical significance. All statistical analy-
ses were performed with R Version 3.5.1 (R Foundation for
Statistical Computing, Vienna, Austria).

Results
Corelab Inter-observer reproducibility assessment

Table 1, and supplementary Tables 1-7 show the results
recorded by the two teams for the eight variables, whilst

CT-Le Sc: Prox. LAD (3.5 x 1.5 x 0.615) + prox. LCX (1.5 x 1.5 x 0.615) + prox. RCA (1 x1.5x 1) +
prox. RCA (1 x 1.5 x 0.615) = 6.1125

C. Obstructive CAD

Left Dominance
Proximal - CP, >50% stenosis
Mid LAD - MP, <25% stenosis
Mid LAD - NCP, >50% stenosis
Proximal LCX - NCP, 25-49%; CP, <25%

CT-Le Sc: Prox. LAD (3.5 x 1 x 1) + mid-LAD
(2.5 x 1.5 x 0.615) + mi D(25x1.5x1)+
prox. LCX (2.5 x 1.5 x 0.615) + prox. LCX (2.5
x1x0.615) =134

separated by a distance>3 times the reference lumen diameter and
scored separately; C a patient with left dominance and five lesions
(three non-obstructive and two obstructive). CT-LeSc CT-Leaman
score; CAD coronary artery disease; LM left main; LAD left ante-
rior descending; LCX left circumflex; RCA right coronary artery;
NCP non-calcified plaque; CP calcified plaque; MP mixed plaque

Table 3 shows a summary of the corresponding kappa values
for the degree of agreement between both measurements
beyond the level of chance. The kappa values ranged from
0.62 to 0.93 with the lowest seen in the total number of
lesions (weighted kappa 0.62), and the highest for the Lea-
man score in increments of five (weighted kappa 0.93).

Corelab intra-observer reproducibility assessment

Table 2, and supplementary Tables 8—14 show the results
recorded during the two rounds of the study conducted eight
weeks apart for the eight variables, whilst Table 3 shows
a summary of the corresponding kappa values. The kappa
values ranged from 0.65 to 0.93 with the lowest seen in the
total number of lesions and calcified lesions (weighted kappa
0.65 for both), and the highest for the Leaman score in incre-
ments of five (weighted kappa 0.93).

CT-Leaman score

The Bland Altman plot for the CT-LeSc calculated for
each patient by the two teams demonstrates that majority
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Fig.2 Bland—Altman analy-
sis for the CT Leaman score
between two teams
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Fig.3 Bland-Altman analy-
sis for the CT Leaman score
between two rounds
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of values lie within the limits of agreement; however, there
were two data points outside the limits of agreement. (Fig. 2.

The mean +SD CT-LeSc for the two teams were
15.36 +5.57 compared to 15.24 +5.16. The Bland Altman
analysis showed a bias of 1.17 (a measure of precision) with
95% limits of agreement —2.862 to 3.107.

The Bland Altman plot for the CT-LeSc for each patient
during both rounds of the study shows that almost all val-
ues lie within the limits of agreement (Fig. 3). The mean
CT-LeSc during rounds one and two were 16.61 +5.28 ver-
sus 16.82 +5.55, respectively. The Bland Altman analysis
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Mean ( Round 1 and Round 2)

showed a bias of 1.28 (a measure of precision) with 95%
limits of agreement — 3.404 to 2.989.

Discussion

The main findings from this study are that the CT-LeSc had
substantial to near-perfect inter-and intra-observer reproduc-
ibility when assessed by the consensus of two cardiologists
(Table 4).
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Table 1. Lcarpan score Team two Team one

according to increments of five Leaman score in Leaman score in increments of five

recorded by two teams increments of five

<5 >5-10 >10-15 >15-20 >20-25 >25 Total

<5 1 0 0 0 0 1
>5-10 0 3 3 0 0 0 6
>10-15 0 2 18 0 0 0 20
>15-20 0 0 0 13 0 0 13
>20-25 0 0 0 0 7 0
> 25 0 0 0 0 2 1
Total 1 5 21 13 9 1 50
Weighted kappa 0.93
Bold values represent concordant scores

TabIeZ' Learpan score Round two Round one

according to ,mcremems of five Leaman score in Leaman score in increments of five

recorded during both rounds of increments of five

study <5 >5-10 >10-15 >15-20 >20-25 > 25 Total
<5 1 0 0 0 0 0 1
>5-10 0 1 0 0 0 0 1
>10-15 0 1 19 0 0 0 20
>15-20 0 0 0 15 1 0 16
>20-25 0 0 0 1 6 3 10
> 25 0 0 0 0 1 1 2
Total 1 2 19 16 8 4 50
Weighted kappa 0.93

Bold values represent concordant scores

Table 3 Weighted kappa values for inter- and intra-observer repro-
ducibility

Parameter Kappa value Kappa value
(Inter- (Intra-observer)
observer)

Total number of lesions 0.66 0.65

Number of calcified lesions 0.62 0.65

Number of non-calcified lesions 0.70 0.71

Number of mixed lesions 0.82 0.81

Number of obstructive lesions 0.88 0.87

Number of non-obstructive lesions .70 0.67

Leaman score (increments of 10) 0.85 0.85

Leaman score (increments of 5) 0.93 0.93

The rationale for evaluating the CT-LeSc
reproducibility

The development of the CT-LeSc was driven by the need for
a global and comprehensive scoring system to standardise
prognostic assessment with CCTA, as has been achieved
with invasive coronary angiography [1, 7, 11]. Whilst its
primary role was to non-invasively quantify total coronary

atherosclerotic burden [11], a potential role in prognostic
assessment emerged owing to it being fundamental based
on the Leaman score, which whilst originally developed to
quantitate the severity of CAD [1], evolved to provide prog-
nostic information. The latter being a consequence of its
derivation using a combination of weighting factors related
to average coronary blood flow to the left ventricle, and also
considering the degree of coronary stenosis [1].

In the first study assessing the prognostic value of the
CT-LeSc, Gongalves et al. reported that just over a fifth of
patients with non-obstructive CAD had CT-LeSc scores in
the highest tertile (> 8.3), suggesting it can convey prognos-
tic information [11]. Following this Mushtaq et al. demon-
strated its long-term prognostic benefit by reporting similar
event-free outcomes in patients with a high CT-LeSc irre-
spective of the presence of obstructive or non-obstructive
CAD, and confirmed it was an independent long-term pre-
dictor of hard (cardiac death and non-fatal acute coronary
syndrome) cardiac events with a hazard ratio of 5.39 (95%
confidence interval: 3.49 to 8.33) [7]. They also showed that
the CT-LeSc improved risk classification by 38% compared
with the segment stenosis score and by 19% compared with
the segment involvement score (SIS) [7]. In the multi-center
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Table 4 Prior studies assessing
the reproducibility of the

Serial No.  Study

Reproducibility

Parameter of Leaman score assessed ~ Kappa value

components of Leaman score Nicol ED et al.

1

2 Nicol ED et al.

3 Stolzmann P et al.
4. Williams MC et al.
5. Williams MC et al.
6 Ferencik M et al.

7 Ferencik M et al.

8 Ferencik M et al.
9. Hoffmann H et al.
10. Hoffmann H et al.

Intra observer Stenoses 0.74
Inter observer Stenoses 0.78
Inter observer Stenoses 0.77
Intra observer Stenoses 0.88
Inter observer Stenoses 0.79
Inter observer Presence of any plaque 0.85
Inter observer Presence of calcified plaque 0.89
Inter observer Presence of non-calcified plaque 0.93
Inter observer Plaque classification 0.45
Intra observer Plaque classification 0.65

CONFIRM study, CT-LeSc was the only multivariate pre-
dictor of myocardial infarction and all-cause mortality [8].
Furthermore, it was an independent predictor of major acute
cardiac events, and improved risk stratification in patients
with non-obstructive CAD, with myocardial infarction
event-free survival rates in patients with a CT-LeSc <5 and
>5 of 98% and 95%, respectively (p=0.01) [8].

In a low-risk trans-catheter aortic valve replacement
(TAVR) population with CAD assessed by CCTA, the mean
CT-LeSc was 6.27 +0.27, with 60.4% of patients having a
CT-LeSc> 5, and most plaques located in proximal and mid-
coronary segments [12]. Therefore low-risk surgical patients
with severe aortic stenosis who undergo TAVR may still
have a significant CAD burden, reinforcing the fact that
future TAVR devices should guarantee unimpeded access
to the coronaries for angiography and interventions.

Leaman score reproducibility

Our study demonstrates the overall reproducibility of the
CT-LeSc was substantial to near perfect with a kappa value
of 0.85 for inter- and intra-observer reproducibility. Notably,
despite its proven role in risk stratification, previous studies
have only assessed the reproducibility of some of its indi-
vidual components, and not of the total score [7, 8]. The total
number of lesions and the total number of calcified lesions
had the poorest inter- and intra-observer reproducibility,
although this was still categorised as substantial, as the low-
est weighted kappa was 0.62. These relatively low kappa
values were probably due to the subjective nature of tandem
lesion assessment in a single segment, as they were only
considered discrete lesions when separated by a distance
more than three times the normal reference vessel diameter.
Furthermore, in three cases, when the diameter of the vessel
was between 1.5 and 2.0 mm a few plaques were overlooked.
The slightly lower kappa value for the total number of calci-
fied lesions was presumably influenced by the total number
of lesions and the subjective nature of classifying plaques
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between calcific or mixed, which was dependent on whether
> 50% of the plaque area was calcified or not.

Prior studies have shown good inter- and intra-observer
variability for the detection of coronary stenoses on
CCTA [13-15]. In a sub-study of the Scottish Computed
Tomography of the Heart (SCOT-HEART) trial (Table 4)
excellent intra-observer agreement and good inter-observer
agreement was seen when the CCTA result was classified
on a per-patient basis as obstructive, non-obstructive, or no
CAD present [3, 16]. A small CCTA study involving 20
patients showed moderate inter- and intra-observer agree-
ment for plaque classification (Table 4) [17]. In a reproduc-
ibility study assessing the quantitative composition of coro-
nary artery plaque using CCTA, inter-observer correlations
were excellent for calcified plaque and non-calcified plaque
volume (r=0.93-0.97, P<0.001) (Table 4) [18].

The coronary artery disease reporting and data system
(CAD-RADS) was created to standardize reporting for
patients undergoing CCTA and to guide possible next steps
in patient management. The inter-observer reproducibility of
CCTA-based CAD-RADS assessment categories and modi-
fiers has been reported as excellent [19]. A recent updated
CAD-RADS classification follows an established frame-
work of stenosis, plaque burden, and modifiers, which also
includes an assessment of lesion-specific ischemia. Nota-
bly, whilst plaque burden has only recently been included,
being absent in CAD-RADS 1.0 and only being added to
CAD-RADS 2.0, the consensus document still doesn’t rec-
ommend any specific method to quantify plaque burden,
simply suggesting operators select a technique that is most
appropriate to their institution [20]. The various methods
for reporting total coronary plaque burden include coronary
artery calcium (CAC) testing, SIS, visual estimation, and
quantitative assessment. Studies have demonstrated that
quantitative measurements of coronary arterial stenoses and
plaque composition are highly reproducible when high-qual-
ity CCTA datasets are analyzed using dedicated software
for plaque composition analysis [21, 22]. While there are
numerous important emerging techniques for performing a
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quantitative and reproducible assessment of total plaque bur-
den and plaque type beyond visual assessment alone, these
techniques are not widely available and are not routinely
performed as part of clinical interpretation [23]. In addition,
most techniques are time and labour-intensive, which inhib-
its their incorporation into routine clinical interpretation.

Early risk stratification of coronary atherosclerosis
using CCTA may help inform prevention strategies. Post-
mortem and intra-vascular ultrasound (IVUS) studies have
shown that most acute coronary events coincide with a large
and often ruptured atherosclerotic plaque in the coronary
arteries [24].

The SCOT-HEART [25] and PROMISE [26] (Prospective
multicenter imaging study for evaluation of chest pain) stud-
ies suggest that CCTA-detected coronary atherosclerosis,
irrespective of the degree of stenosis, is an important driver
of clinical events in symptomatic populations. The CON-
FIRM registry reiterated that CCTA has a leading role in the
mid-term prediction of all-cause mortality among > 23,000
individuals without known CAD [27-29], with non-obstruc-
tive and obstructive CAD diagnosed by CCTA associated
with higher rates of MI and mortality. The SCAPIS (Swed-
ish cardiopulmonary bioimage) study included 25,182 ran-
domly invited individuals (50.6% women) aged 50 to 64
years without known coronary heart disease to study the
prevalence of subclinical coronary artery atherosclerosis in
the general population, and found CCTA-detected athero-
sclerosis in 42.1% of patients, with a significant stenosis
(>50%) seen in 5.2% [30].

In the recent large-scale study among patients undergoing
IVUS assessment of the left main coronary artery (LMCA),
but in whom revascularization was not intended, IVUS-
defined LMCA plaque burden was independently associated
with all-cause and cardiac mortality. Every 10% increase
in plaque burden was associated with a 12% increase in
the 12-year hazard for mortality in a population where the
LMCA angiographic diameter stenosis was only 12.4%
+10.8% and the IVUS minimal lumen area 13.1+5.0 mm?
(well above the threshold for hemodynamic significance in
most patients).

The Leiden score, which is a new tool that is very similar
to the CT-LeSc on which it is based, has been internally
and externally validated using the 5-year follow-up dataset
of the CONFIRM registry. The new score showed a strong
and independent predictive value for the events at long-term
follow-up, furthermore it provided better discrimination and
reclassification of events compared with the CADS-RADS
score based on stenosis severity only [31]. Since the score
was very similar to the CT-LeSc, questions were raised
about whether it would add any further discrimination com-
pared to the pre-existing CT-LeSc [32].

After detecting subclinical atherosclerosis by CCTA, it
is important to appreciate the recommended threshold to

institute aggressive pharmacotherapy. In the 2019 European
Society of Cardiology/European Atherosclerosis Society
Guidelines for Management of Dyslipidemias, people with
documented atherosclerotic cardiovascular disease either
clinically, or unequivocally documented by imaging, were
deemed as being very high-risk as these are known to be pre-
dictive of clinical events. The LDL-C goal for these patients
is <55 mg/dL (< 1.4mmol/L). It is important to note that
these guidelines don’t mention patients with non-obstructive
CAD and a CT-LeSc > 5, despite these patients having a risk
of atherosclerotic events which is like those with obstruc-
tive CAD.

Clinical implications of the CT-LeSc

The CT-LeSc is highly reproducible and can be used as a
clinical tool for risk stratification in patients with CAD.
Since the score is semi-quantitative, it could be used in phar-
macological prevention trials to assess for eligibility, with
a CT-LeSc>5 used as the threshold when there is enough
plaque to intervene, and/or as an imaging endpoint. The
V-PLAQUE study (NCT05360446) is an ongoing primary
prevention CCTA study where CT-LeSc is being used as an
entry criterion along with FFRCT.

Limitations

Although the kappa value is currently the accepted stand-
ard measure of inter-and intra-observer reproducibility, it is
not without limitations. By definition, it represents agree-
ment beyond the level of chance, however, the actual level
of chance agreement is variable and affected by the preva-
lence of the disease being studied. Overall, the kappa values
obtained in this study should only be considered as a guide,
and do not reflect the reproducibility of the CT-LeSc in a dif-
ferent patient population with a different prevalence of CAD.
Additional limitations include the experience of the inves-
tigators in this study, who have each individually assessed
the CT-LeSc in over a hundred CCTAs. A repeat assessment
of the same CCTAs using investigators less familiar with
the definitions, and less experienced in calculating the score
may well provide different results.

Conclusions

CT-LeSc is a robust method to quantify total coronary ath-
erosclerotic plaque burden and can be used for risk stratifi-
cation, and as demonstrated has substantial to near-perfect
intra- and inter-observer reproducibility when assessed by
the consensus of a team of two cardiologists.
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tary material available at https://doi.org/10.1007/s10554-023-02962-3.

Author contributions PCR, YO and PWS designed the research. PCR,
YO, SK, SM collected the data. PCR, YO conducted the data analyses.
All authors reviewed the manuscript.

Funding The authors have not disclosed any funding.

Declarations

Competing interests Masuda reports a grant from TERUMO corpora-
tion outside the submitted work. Ninomiya reports a grant from Abbott
Medical Japan outside the submitted work. Kotoku has received a grant
for studying overseas from Fukuda Foundation for Medical Technol-
ogy. Serruys reports institutional grants from Sinomedical Sciences
Technology, SMT (Sahajanand Medical technologies), Philips/Vol-
cano, GE, Xeltis, and HeartFlow, outside the submitted work. Onuma
reports institutional grants from Sinomedical Sciences Technology,
SMT (Sahajanand Medical technologies), Philips/Volcano, GE, Xeltis,
and HeartFlow, outside the submitted work. All other authors have
reported that they have no relationship relevant to the contents of this
paper to disclose.

References

1. Leaman DM, Brower RW, Meester GT, Serruys P, van den Brand
M (1981) Coronary artery atherosclerosis: severity of the disease,
severity of angina pectoris and compromised left ventricular func-
tion. Circulation 63:285-299

2. Shaw LJ, Blankstein R, Bax JJ et al (2021) Society of cardiovas-
cular computed tomography/North American society of cardio-
vascular imaging—expert consensus document on coronary CT
imaging of atherosclerotic plaque. J Cardiovasc Comput Tomogr
15:93-109

3. Williams MC, Moss AJ, Dweck M et al (2019) Coronary artery
plaque characteristics associated with adverse outcomes in the
SCOT-HEART study. J Am Coll Cardiol 73:291-301

4. Mortensen MB, Dzaye O, Steffensen FH et al (2020) Impact of
plaque burden versus stenosis on ischemic events in patients with
coronary atherosclerosis. J Am Coll Cardiol 76:2803-2813

5. Inoue K, Motoyama S, Sarai M et al (2010) Serial coronary CT
angiography-verified changes in plaque characteristics as an end
point: evaluation of effect of statin intervention. JACC Cardiovasc
Imaging 3:691-698

6. van Rosendael AR, van den Hoogen 1J, Gianni U et al (2021)
Association of statin treatment with progression of coronary ath-
erosclerotic plaque composition. JAMA Cardiol 6:1257-1266

7. Mushtaq S, De Araujo Gongalves P, Garcia-Garcia HM et al
(2015) Long-term prognostic effect of coronary atherosclerotic
burden: validation of the computed tomography-leaman score.
Circ Cardiovasc Imaging 8:¢002332

8. Andreini D, Pontone G, Mushtaq S et al (2017) Long-term prog-
nostic impact of CT-Leaman score in patients with non-obstruc-
tive CAD: results from the coronary CT angiography evaluation
for clinical outcomes International multicenter (CONFIRM)
study. Int J Cardiol 231:18-25

9. Collet C, Onuma Y, Andreini D et al (2018) Coronary computed
tomography angiography for heart team decision-making in mul-
tivessel coronary artery disease. Eur Heart J 39:3689-3698

10. Onuma Y, Grundeken MJ, Nakatani S et al (2017) Serial 5-year
evaluation of side branches jailed by bioresorbable vascular
scaffolds using 3-dimensional optical coherence tomography:

@ Springer

insights from the ABSORB cohort B trial (a clinical evaluation
of the bioabsorbable everolimus eluting coronary stent system
in the treatment of patients with de novo native coronary artery
lesions). Circ Cardiovasc Interv. https://doi.org/10.1161/CIRCI
NTERVENTIONS.116.004393

11. de Aradjo Gongalves P, Garcia-Garcia HM, Dores H et al (2013)
Coronary computed tomography angiography-adapted Leaman
score as a tool to noninvasively quantify total coronary athero-
sclerotic burden. Int J Cardiovasc Imaging 29:1575-1584

12. Ozaki Y, Garcia-Garcia HM, Rogers T et al (2020) Coronary
artery disease assessed by computed tomography-based Lea-
man score in patients with low-risk transcatheter aortic valve
implantation. Am J Cardiol 125:1216-1221

13. Nicol ED, Stirrup J, Roughton M, Padley SP, Rubens MB
(2009) 64-Channel cardiac computed tomography: intraobserver
and interobserver variability (part 1): coronary angiography. J
Comput Assist Tomogr 33:161-168

14. Ferencik M, Nieman K, Achenbach S (2006) Noncalcified and
calcified coronary plaque detection by contrast-enhanced multi-
detector computed tomography: a study of interobserver agree-
ment. J] Am Coll Cardiol 47:207-209

15. Stolzmann P, Scheffel H, Leschka S et al (2008) Influence of
calcifications on diagnostic accuracy of coronary CT angiog-
raphy using prospective ECG triggering. Am J Roentgenol
191:1684-1689

16. Williams MC, Golay SK, Hunter A et al (2015) Observer vari-
ability in the assessment of CT coronary angiography and coro-
nary artery calcium score: substudy of the scottish COmputed
tomography of the HEART (SCOT-HEART) trial. Open Heart
2:¢000234

17. Hoffmann H, Frieler K, Hamm B, Dewey M (2008) Intra- and
interobserver variability in detection and assessment of calcified
and noncalcified coronary artery plaques using 64-slice computed
tomography: variability in coronary plaque measurement using
MSCT. Int J Cardiovasc Imaging 24:735-742

18. Cheng VY, Nakazato R, Dey D et al (2009) Reproducibility of
coronary artery plaque volume and composition quantification
by 64-detector row coronary computed tomographic angiography:
an intraobserver, interobserver, and interscan variability study. J
Cardiovasc Comput Tomogr 3:312-320

19. Maroules CD, Hamilton-Craig C, Branch K et al (2018) Coro-
nary artery disease reporting and data system (CAD-RADS(TM)):
inter-observer agreement for assessment categories and modifiers.
J Cardiovasc Comput Tomogr 12:125-130

20. Cury RC, Leipsic J, Abbara S et al (2022) CAD-RADS™ 2.0-
2022 coronary artery disease-reporting and data system: an expert
consensus document of the society of cardiovascular computed
tomography (SCCT), the American College of Cardiology (ACC),
the American College of Radiology (ACR), and the North Amer-
ica Society of Cardiovascular Imaging (NASCI). J Cardiovasc
Comput Tomogr 16:536-557

21. Rinehart S, Vazquez G, Qian Z, Murrieta L, Christian K, Voros S
(2011) Quantitative measurements of coronary arterial stenosis,
plaque geometry, and composition are highly reproducible with a
standardized coronary arterial computed tomographic approach in
high-quality CT datasets. J Cardiovasc Comput Tomogr 5:35-43

22. Mancini GJ, Kamimura C, Yeoh E, Ryomoto A, Mazer CD (2022)
Measurement of plaque characteristics using coronary computed
tomography angiography: achieving high interobserver perfor-
mance. CJC open 4:189-196

23. Williams MC, Earls JP, Hecht H (2022) Quantitative assessment
of atherosclerotic plaque, recent progress and current limitations.
J Cardiovasc Comput Tomogr 16:124-137

24. Stone GW, Maehara A, Lansky AJ et al (2011) A prospective
natural-history study of coronary atherosclerosis. N Engl ] Med
364:226-235


https://doi.org/10.1007/s10554-023-02962-3
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004393
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004393

The International Journal of Cardiovascular Imaging (2023) 39:2269-2277

2277

25.

26.

217.

28.

29.

Newby DE, Adamson PD, Berry C et al (2018) Coronary CT
angiography and 5-Year risk of myocardial infarction. N Engl J
Med 379:924-933

Ferencik M, Mayrhofer T, Bittner DO et al (2018) Use of high-risk
coronary atherosclerotic plaque detection for risk stratification
of patients with stable chest pain: a secondary analysis of the
PROMISE randomized clinical trial. JAMA Cardiol 3:144-152
Serruys PW, Hara H, Garg S et al (2021) Coronary computed
tomographic angiography for complete assessment of coronary
artery disease: JACC State-of-the-art review. ] Am Coll Cardiol
78:713-736

Min JK, Dunning A, Lin FY et al (2011) Age- and sex-related dif-
ferences in all-cause mortality risk based on coronary computed
tomography angiography findings results from the international
multicenter CONFIRM (coronary CT angiography evaluation for
clinical outcomes: an international multicenter registry) of 23,854
patients without known coronary artery disease. J] Am Coll Car-
diol 58:849-860

Serruys PW, Kotoku N, Norgaard BL et al (2023) Computed
tomographic angiography in coronary artery disease. Euorlnter-
vention 18:¢1307

Authors and Affiliations

30.

31.

32.

Bergstrom G, Persson M, Adiels M et al (2021) Prevalence of
subclinical coronary artery atherosclerosis in the general popula-
tion. Circulation 144:916-929

van Rosendael AR, Shaw LJ, Xie JX et al (2019) Superior risk
stratification with coronary computed tomography angiography
using a comprehensive atherosclerotic risk score. JACC Cardio-
vasc Imaging 12:1987-1997

Gatti JW, De Araujo Gongalves P, Garcia-Garcia HM (2020)
Computed tomography angiography-based risk discrimination:
an established bright future for prognostication. JACC Cardiovasc
Imaging 13:1097-1098

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

Pruthvi C. Revaiah’ - Shigetaka Kageyama' - Shinichiro Masuda’ - Kai Ninomiya' - Nozomi Kotoku' - Bo Wang' -
Xingqiang He' - Tsung-Ying Tsai' - Scot Garg? - Saima Mushtaq? - Johan H. C. Reiber” - David M. Leaman® -

Jeroen J. Bax® - Matthew J. Budoff” - Daniele Andreini®® - Patrick W. Serruys™'? . Yoshinobu Onuma

>4

DX

Patrick W. Serruys
patrick.serruys @nuigalway.ie

Yoshinobu Onuma

yoshinobuonuma @ gmail.com

CORRIB Research Centre for Advanced Imaging and Core
Laboratory, University of Galway, Galway, Ireland

Department of Cardiology, Royal Blackburn Hospital,
Blackburn, UK

Department of Perioperative Cardiology and Cardiovascular
Imaging, Centro Cardiologico Monzino IRCCS, Milan, Italy

Department of Radiology, Leiden University Medical Center,
Leiden, The Netherlands

Milton Hershey Medical Center, Penn State Heart
and Vascular Institute, Hershey, PA, USA

Department of Cardiology, Leiden University Medical
Center, Leiden, The Netherlands

1,11

Department of Medicine, Lundquist Institute
at Harbor-UCLA, Torrance, CA, USA

Division of Cardiology and Cardiac Imaging, IRCCS
Galeazzi Sant’Ambrogio, Milan, Italy

Department of Biomedical and Clinical Sciences, University
of Milan, Milan, Italy

Interventional Cardiology, Cardiovascular Research Centre
for Advanced Imaging and Core Laboratory (CORRIB)
(Cardiovascular Imaging and Atherosclerosis), University
of Galway, University Road, Galway H91 TK33, Ireland

Interventional Medicine and Innovation, Cardiovascular
Research Centre for Advanced Imaging and Core Lab
(CORRIB) Research Centre, Investigator of the Science
Foundation of Ireland (SFI), University of Galway,
University Road, Galway H91 TK33, Ireland

@ Springer



	Inter- and intra-observer reproducibility of CT-Leaman score by an independent core lab
	Abstract
	Introduction
	Methods
	Study population
	Leaman score calculation
	Inter-observer reproducibility
	Intra-observer reproducibility
	Statistical analysis

	Results
	Corelab Inter-observer reproducibility assessment
	Corelab intra-observer reproducibility assessment
	CT-Leaman score

	Discussion
	The rationale for evaluating the CT-LeSc reproducibility
	Leaman score reproducibility
	Clinical implications of the CT-LeSc
	Limitations


	Conclusions
	Anchor 20
	References




