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Abstract
Objective To implement detailed EU cardiac computed tomography angiography (CCTA) quality criteria in the multicentre
DISCHARGE trial (FP72007-2013, EC-GA 603266), we reviewed image quality and adherence to CCTA protocol and to the
recommendations of invasive coronary angiography (ICA) in a pilot study.
Materials and methods From every clinical centre, imaging datasets of three patients per arm were assessed for adherence to the
inclusion/exclusion criteria of the pilot study, predefined standards for the CCTA protocol and ICA recommendations, image
quality and non-diagnostic (NDX) rate. These parameters were compared via multinomial regression and ANOVA. If a site did
not reach the minimum quality level, additional datasets had to be sent before entering into the final accepted database (FADB).
Results We analysed 226 cases (150 CCTA/76 ICA). The inclusion/exclusion criteria were not met by 6 of the 226 (2.7%)
datasets. The predefined standard was not met by 13 of 76 ICA datasets (17.1%). This percentage decreased between the initial
CCTA database and the FADB (multinomial regression, 53 of 70 vs 17 of 75 [76%] vs [23%]). The signal-to-noise ratio and
contrast-to-noise ratio of the FADB did not improve significantly (ANOVA, p = 0.20; p = 0.09). The CTANDX rate was reduced,
but not significantly (initial CCTA database 15 of 70 [21.4%]) and FADB 9 of 75 [12%]; p = 0.13).
Conclusion We were able to increase conformity to the inclusion/exclusion criteria and CCTA protocol, improve image quality
and decrease the CCTA NDX rate by implementing EU CCTA quality criteria and ICA recommendations.
Key Points
• Failure to meet protocol adherence in cardiac CTA was high in the pilot study (77.6%).
• Image quality varies between sites and can be improved by feedback given by the core lab.
• Conformance with new EU cardiac CT quality criteria might render cardiac CTA findings more consistent and comparable.
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CCTA Cardiac CT angiography
CNR Contrast-to-noise ratio
DLP Dose-length product
FBP Filtered back projection
FOV Field of view
HR Heart rate
HU Hounsfield units
ICA Invasive coronary angiography
IR Iterative reconstruction
LV Left ventricle
PTCA Percutaneous transluminal coronary angioplasty
RCT Randomised controlled trial
ROI Region of interest
RV Right ventricle
SD Standard deviation
SNR Signal-to-noise ratio

Introduction

The DISCHARGE (Diagnostic Imaging Strategies for
Patients with Stable Chest Pain and Intermediate Risk of
Coronary Artery Disease: Comparative Effectiveness
Research of Existing Technologies) trial is a collaborative
multinational research project funded by the 7th Framework
Programme of the European Union (FP7/2007-2013, grant
agreement EC-GA 603266). Its main aim is to guide clinicians
in choosing between invasive coronary angiography (ICA)
and cardiac computed tomography angiography (CCTA) [1,
2] for the diagnostic evaluation of patients with stable chest
pain and an intermediate risk of cardiovascular disease. The
current diagnostic gold standard in this subset of patients is
ICA [3–6]. However, obstructive coronary artery disease is
detected in only about 42% of elective cardiac catheterisations
[7]. To investigate a safer alternative for these redundant and
invasive examinations (1.27% rate of adverse events [8]), the
DISCHARGE trial was set up. The consortium includes 25
clinical centres with a recognised experience in cardiac imag-
ing from 16 European countries using different scanners’ gen-
erations from different manufacturers.

According to the principles of justification of practice and
optimization of protection, earlier investigators analysed the
interdependent relationship between radiation dose and image
quality in cardiac CTA, being concerned about the significant
radiation burden associated with previous CT generations
[9–13]. Image quality was therefore reported as an indicator
of radiation dose reduction efficacy and often analysed using
qualitative scales [14–17].

In contrast to these earlier approaches, we believe that im-
age quality has a pivotal role in developing a standardised
cardiac CTA protocol, particularly when a multicentre and
multivendor protocol is meant to be set up. Protocol adherence
and standardization of image quality are mandatory in large

trials to allow inter- and intra-patient comparison of patients
included in a clinical trial.

Diagnostic quality and patient’s safety are, in fact, the main
hallmarks of radiation-based imaging procedures, and mini-
mum standard of image quality in various fields of radiology
have been published in Europe, defining levels of perfor-
mance considered necessary to produce images of standard
quality for a particular anatomical region [18].

In computed tomography, quality criteria were initially ad-
dressed in European guidelines established in 1999 [19] and
revised in 2004 [18]. Cardiac CTA was excluded from those
reports, being at a relatively early stage of development at that
time.

Similarly, no standards have been defined in the literature
for performing ICA, and only a few proposals have beenmade
to identify a set of common operative protocol criteria
[20–22].

In the setting of a multicentre trial such as DISCHARGE, a
standard of quality was considered required. For this purpose,
the “10-steps guide to performing cardiac CT” [2] was
established, and a general recommendation to perform ICA
was given.

The aims of our study were dual:

& Evaluate the benefits of a pilot study on the adherence to
these guides (general recommendation to perform ICA
and the “10-steps guide to performing cardiac CT” [2])
and to increase internal validation of the DISCHARGE
trial and therefore its external validation.

& Assess the effectiveness of the “10-steps guide to
performing cardiac CT” [2] on image quality

Materials and methods

Ethical approval and study population

The DISCHARGE trial consortium (FP7/2007-2013,
grant agreement EC-GA 603266) includes 25 clinical cen-
tres distributed in 16 European countries. Ethical approval
for the non-randomised anonymised pilot study was ob-
t a i n ed by the coo rd ina t i ng cen t r e (Cha r i t é –
Universitätsmedizin Berlin, Humboldt-Universität zu
Berlin, Freie Universität Berlin, Berlin, Germany) and
by other clinical centres if locally required. To be consid-
ered for enrolment in the DISCHARGE trial, patients
needed a referral to undergo CCTA or ICA for suspected
coronary artery disease (CAD). The exclusion criteria
were known CAD, age under 30 years, dialysis, known
heart disease and pregnancy. The pilot study started on 1
April 2014 and ended on 31 December 2016.

Eur Radiol (2020) 30:1997–20091998



Study design

For the non-randomised anonymised pilot study, each centre
had to enrol 60 patients (30 for the CCTA arm and 30 for the
ICA arm) and send 6 “high adherence” imaging datasets (3
CCTA and 3 ICA) to the core lab.

“High adherence” was defined as adherence to the
exclusion/inclusion criteria of the pilot study and confor-
mity to the CCTA protocol and ICA recommendations.
Both CCTA protocols and ICA recommendations have
been draft by mixing core-lab/clinical sites inputs and
existed literature and given to the sites before pilot study
start.

The datasets were evaluated and approved by the core
lab for high adherence, followed by an image quality as-
sessment [2]. In case an imaging dataset was not ap-
proved, feedback was given by the core lab, and a new
dataset was requested. This loop procedure was called a
“round” and repeated until a total of 6 datasets (3 CCTA
and 3 ICA) meeting the quality requirements were avail-
able from the respective centre (see Scheme 1.). Each
“round” was formally considered concluded after a sent
feedback was provided by the core lab to the site, regard-
less of the number of cases submitted (i.e. even less that
3). A round ended with the feedback given and not with
the achievement of the requested number of datasets. The
database containing the “high adherence” datasets was
called the final accepted database (FADB).

For each imaging dataset, a data transmittal form had to be
included with the following patient details: age, body mass
index (BMI), weight, height, gender, heart rate during the scan
and dose-length product (DLP).

Quality Assessment

CCTA protocol adherence

CCTA protocol adherence consisted of the rigid application to
the inclusion/exclusion criteria of the pilot study and to the “10-
steps guide to performing cardiac CT” as previously reported 2.

Protocol deviations were analysed as follows (see Table 1
for a detailed checklist):

& Clinical ineligibility to the pilot study: general contraindi-
cations to the exam and presence of known CAD (shown
by a stent or coronary artery bypass graft (CABG))

& Availability of all requested scans, namely coronary artery
calcium score [CACS] andCTAplus an enlarged FOVrecon-
struction for evaluation of extra-cardiac findings (i.e. > 16 cm)

& Adherence to recommended scanning parameters includ-
ing an established field of view, slice increment and slice
thickness and reconstruction performed (iterative recon-
struction and filtered back projection)

Protocol deviations were classified according to severity
and categorised with a colour scale as minor (yellow), mod-
erate (orange), and severe (red) (Table 2).

Protocol adherence was considered sufficiently respected
for datasets without red errors (“high adherence” dataset).

For the per-dataset analysis, the colour assigned was that of
the worst deviation; e.g. a case with one red error and 4 yellow
ones was defined as red.

Dataset was categorized as green, in the presence of no
errors.

Scheme 1 The “round” (black box) algorithm showing the flow of the study (arrows)
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CCTA image evaluation

CCTA analysis was performed using a dedicated workstation
(Vitrea fX, version 6.2, Vital Images). Images were evaluated
qualitatively and quantitatively.

CCTA qualitative analysis

Qualitative image analysis was performed by two readers with
different cardiac imaging experience (GDR with 4 years of

experience andMDwith 15 years of experience) in consensus.
Image quality was assessed using a Likert 5-point scale, as
applied in previous studies (1 = non-diagnostic, 2 = poor, 3 =
adequate, 4 = good and 5 = very good) [16, 23–28]. Image
quality scores were assigned for overall image quality and
separately for the left and right ventricle and each coronary
segment. In addition, a score of 1 to 3 was assigned to the
levocardiogram, defined as selective enhancement of the left
ventricular cavity [29]. A coronary arteries gap > 50%, were
defined as NDX [30].

Table 1 Detailed quality criteria
analysis of the all available CCTA
datasets

General protocol part Protocol adherence parameters Number and percentage

Exclusion criteriaa Stent 3 (2%)

Age < 30 years 1 (0.7%)

CACS scan Performed 139 (92.7%)

Scan length on the z-axis (< 16 cm) 126 (90.6%)

Slice thickness (3 mm) 126 (90.6%)

Slice increment (3 mm) 108 (77.7%)

IR and FBP recon 47 (33.8%)

CCTA scan FOV (< 20 cm) 129 (86.0%)

Scan length on the z-axis has to be reduced
by using CACS scan as a mask

120 (80.0%)

Slice thickness (≤ 0.8 mm) 146 (97.3%)

Slice increment (≤ 0.5 mm) 139 (92.7%)

IR and FBP recon 57 (38.0%)

Sharply coronary arteries visualization 133 (88.7%)

Kidney not displayed 147 (98.0%)

Aortic arch not displayed 149 (99.3%)

Non-cardiac structure scan FOV (> 32 cm) 106 (70.7%)

Slice thickness (1 mm) 103 (68.7%)

Slice increment (1 mm) 98 (65.3%)

Images based on CACS scan row data 84 (56%)

Images based on CTA scan row data 121 (80.7%)

IR and FBP recon° 46 (30.7%)

CACS, coronary artery calcium score; IR, iterative reconstruction; FBP, filtered back projection; CCTA, cardiac
CT angiography; FOV, field of view
a The exclusion criteria are 4: age < 30 years, pregnancy, dialysis, and known coronary artery disease (CAD).

°Iterative and filtered back reconstruction should be provided for all acquisitions including CACS, CCTA, and
non-cardiac structure retro-reconstruction

Table 2 Colour scale description

Errors Definition

Red/critical Known CAD; visualization of the kidney and/or the aortic arch; absence of lung recon based on CCTA or CACS scan; motion artefacts >
50%; scan length lower in CACS then in CCTA on the z-axis

Orange/major CCTA FOV < 20 cm, slice thickness (≤ 0.8 mm) and slice increment (≤ 0.5 mm) in the CCTA scan and FOV (32 cm), slice thickness (≤ 1
mm) and slice increment (≤ 1 mm) in the non-cardiac structure scan

Yellow/minor FOV < 20 cm in CACS scan, slice increment, and slice thickness of CACS scan (3 mm); missing of FBP and IR recon for CACS scan,
CCTA scan and non-cardiac scan

CAD, coronary artery disease; CCTA, cardiac CT angiography; CACS, coronary artery calcium score; FOV, field of view; FBP, filtered back projection;
IR, iterative reconstruction
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CCTA quantitative analysis

For quantitative analysis, regions of interest (ROI) were
placed (left ventricle, right ventricle, coronary segments num-
bers: 1, 2, 5, 6, and 11 [31]) for measurement of the following
parameters: attenuation, noise (SD in the ROI), signal-to-noise
ratio (SNR), fat density, general noise (SD of 1 cm2 ROI in the
aortic root), left ventricular (LV) wall density, contrast,
contrast-to-noise ratio (CNR), signal-to-general-noise ratio,
contrast with fat (density minus fat density), contrast to gen-
eral noise ratio, and contrast with fat to general noise ratio [27,
28, 32–35] (see Table 3 for details). The quantitative
levocardiographic effect was also calculated as the attenuation
difference between the left and right ventricle.

ICA image evaluation

Red deviations were considered as non-compliance with the
inclusion/exclusion criteria of the pilot study (shown by a
stent, CABG). Overall image quality was assessed using a
qualitative scale. In addition, we estimated the number of pro-
jections needed: at least two for right coronary artery and four
for the left coronary artery including a “spider” projection.

Finally, when significant stenosis was diagnosed, accord-
ing to the DISCHARGE management flow chart, a percuta-
neous transluminal coronary angioplasty (PTCA) [21] had to
be performed and the procedural images sent to the core lab.

Statistical analysis

The normally distributed parameters were compared using an
analysis of variance first. Normality was investigated using

graphical techniques such as histograms or boxplots due to
the low power of tests for normality. Post hoc comparison
was performed using Tukey’s method and the t test as appro-
priate. For the per-dataset analysis, we performed a multino-
mial logistic regression since we are dealing with a binary
outcome in different categories. Impact of core-lab input was
also assessed by analysing the round-to-round deviation rate
analysis, which was analysed using multinomial regression.
The qualitative scores between the three rounds and the initial
dataset and the FADB were evaluated using multinomial re-
gression. In addition, we compared the non-diagnostic (NDX)
rate between the initial dataset and the FADB. These parame-
ters were compared between the non-diagnostic group and the
diagnostic group using T-Test. The results are presented as
odds ratios together with a 95% confidence interval.
Basically, this model shows how the probability of the respec-
tive category increases over time. Implicitly this model takes
multiplicity into account. Thus, no further adjustment was
performed. For qualitative data, the comparison was per-
formed using logistic or multinomial regression and chi-
square test as appropriate.

Statistical analysis was performed using MedCalc 15.8
(MedCalc Software) and R 3.4.1 (R Foundation). A level of
p < 0.05 was deemed statistically significant.

Results

Study population

At the end of the pilot study, we collected and retrospectively
analysed 226 datasets (150 CCTA and 76 ICA) for protocol

Table 3 Quantitative image quality evaluation of the complete database and final accepted database (FADB)

Complete database Complete FABD
Parameters Value (CI 95%) [Min/Max] Value (CI 95%) (Min/Max) Definition

Density 494.9 (478.9–512.5) [339.1/875.0] 467.8 (445.3–486.1) [266.0/872.5] Signal strength

Noise 29.8 (27.7–32.0) [9.4/179.6] 29.4 (23.9–32.2) [11.5/66.3] SD in the ROI

SNR 15.8 (14.8–18.7) [2.1/50.2] 14.2 (13.5–18.6) [7.3/49.1] Signal-to-noise ratio

LV wall density 93.5 (90.4–100.8) [31.5/210.1] 91.6 (83.8–100.7) [36.1/191.2] Myocardium density

Contrast 400.6 (385.2–418.6) [248.1/666.3] 381.9 (351.1–405.9) [189.3/690.4] Contrast density

CNR 12.8 (12.2–14–8) [1.9/42.2] 12.1 (10.7–14.6) [4.9/41.1] Contrast-to-noise ratio

General noise 32.8 (30.8–34.6) [7.3/233.8] 29.3 (25.4–33.5) [9.5/83.2] SD in a cm2 ROI in the aortic
root

Fat density − 74.4 (− 77.4 to − 72.5) [− 115.3/− 30.8] − 77.9 (− 82.8 to − 73.9) [− 111.1/− 17.6] Lowest signal around the ROI

Signal-to-general-noise ratio 15.5 (14.0–16.8) [1.7/70.1] 16.5 (13.5–18.4) [6.5/59.6] Image quality

Contrast with fat 579.1 (557.0–589.2) [379.0/937.3] 554.1 (516.7–571.0) [312.8/946.5] Contrast

Contrast with the fat to
general noise

17.9 (16.5–19.3) [2.1/78.3] 19.0 (15.8–21.5) [7.9/67.4] Image quality

Levocardiographic effect 280.0 (259.2–296.3)
[− 258.7/750.6]

278.6 (250.4–299.1) [− 258.7/726.7] Selective enhance of the left
ventricle

CI, confidence interval; SD, standard deviation; ROI, region of interest; SNR, signal-to-noise ratio; LV, left ventricle; CNR, contrast-to-noise ratio
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adherence, image quality, and non-diagnostic rate. The char-
acteristics of our population for both arms are shown in
Table 4.

Quality assessment

CCTA protocol adherence

Some centres needed more than one round to obtain 6 “high
adherence” dataset. Overall, 53 of the 70 CCTA datasets
(75.7%) initially sent to the core lab did not fulfil the minimum
adherence criteria (Table 2). At the end of the pilot study, this
number decreased to 17 of 75 (22%; chi-square = 14.5, df = 1, p
= 0.0001). The complete results are shown in Table 5 (Fig. 1).

In terms of error analysis through the rounds, we observed
an increase in adherence to the “10-steps guide to performing
cardiac CT” [2], which wasmost pronounced between the first
and the other two rounds, with a reduction of red datasets.
However, we observed an increment of orange and yellow

datasets, albeit this was due to fewer red ones (for details of
the error analysis, see Table 5 and Fig. 2).

CCTA qualitative analysis

For the qualitative analysis aspect, the overall database score
was 3.6 (FADB = 3.7) with a median of 4 but, among these, 25
of 150 datasets were considered non-diagnostic with a per-
centage of 16.7% (Figs. 3 and 4). Considering the distribution
of the qualitative assessment, the multinomial logistic regres-
sion showed an odds ratio of 2.13 (CI 95% 1.57–2.88), 1.92
(CI 95% 1.36–2.72), and 1.81 (CI 95% 1.26; 2.58) for red,
orange, yellow, and green cases, respectively (see Table 5 for
further details). Although, between the initial dataset and the
FADB, we observed an absolute reduction of non-diagnostic
rate (15 of 70 vs 9 of 75, [21.4%] vs [12%]), this difference
was not statistically significant (chi-squared = 1.94 df = 1,
p = 0.163).

Table 4 Patients’ characteristics

Parameters CCTA ICA p°

Value Min Max Value Min Max

BMI 28 ± 4.3 17.5 38.7 27.5 ± 3.9 20.6 36.5 = 0.78

Gender (% male) 49% 60% = 0.09

Weight 81.6 kg ± 15.1 46 kg 124 kg 79.3 kg ± 14.6 44.0 kg 113.0 kg = 0.83

Height 1.7 m ± 0.1 1.51 m 1.93 m 1.71 m ± 0.08 1.5 m 1.8 m = 0.35

Minimum HR during the scan 52.4 bpm ± 5.3 40 bpm 63 bpm

Maximum HR during the scan 59.2 bpm ± 10.2 45 bpm 120 bpm

Overall effective dose (mSv) 6.7 ± 4.5 0.5 22.9 5.9 ± 4.3 1.9 19.04 = 0.38

Time of exposure (min) 4.0 ± 3.5 1.0 13.0

Effective dose was calculated from dose-length product for CCTA using a conversion factor of 0.014 and from dose area product for ICA using a
conversion factor of 0.225 [36]

CCTA, cardiac CT angiography; ICA, invasive coronary angiography; BMI, body mass index; HR, heart rate; bpm, beats per minute

°t test and chi-square were used for comparison as appropriate

Table 5 Errors analysis (per-dataset and per-error) through the rounds

CCTA ICA

Per-dataset First round° Second round° Third round° FADB° OR (95%
confidence interval)

Per-dataset Final database

Red 53 of 70 (75.7%) 25 of 55 (45.5%) 12 of 25 (48%) 17 of 75 (22.7%) Inclusion criteria 2 of 76 (2.6%)
Orange 6 of 70 (8.6%) 16 of 55 (29%) 2 of 25 (8%) 27 of 75 (36%) 2.13 (1.57, 2.88) Not enough projections 13 of 76 (17.1%)
Yellow 3 of 70 (4.3%) 11 of 55 (20%) 6 of 25 (24%) 19 of 75 (25.3%) 1.92 (1.36-2.72) RC, 7/13 (53.8%)

LC, 4/13 (30.8%)
LC and RC, 2/13 (15.4%)

Green 8 of 70 (11.4%) 3 of 55 (5.5%) 5 of 25 (20%) 12 of 75 (16.7%) 1.81 (1.26; 2.58)

CCTA, cardiac CT angiography; ICA, invasive coronary angiography; LC, left coronary; RC, right coronary; FADB, final accepted database

°The apparent discrepancy in number between the round was due to the round-feedback system, in fact, a round ended with the feedback given and not
with the achievement of the requested number of datasets. In particular, between the 1st and 2nd and between the 3rd and the FADB, centers sent 2 and 5
“extra” datasets. The odds ratios (OR) show the results of the multinomial logistic regression together with the 95% confidence interval. These take the
color 2 “red” as the reference category

Eur Radiol (2020) 30:1997–20092002



CCTA quantitative analysis

From the CCTA quantitative analysis point of view, for
the completed database, the parameters are listed in
Table 3. Regarding the FABD, the most notable were:
SNR (14.2 CI 95% 13.5–18.6 ; max 49 and min 7.3),
CNR (12.1 CI 955% 10.7–14.6); max 41.1 and min 4.9),
signal-to-general-noise ratio (16.5 CI 95% 13.5–18.4;
max 59.6 and min 6.3), and the contrast with the fat to
general noise ratio (19.0 CI 95% 15.8–21.5 ; max 67.4
and min 7.9).

No statistically significant differences were found between
the three rounds and the FADB, for all quantitative parameters
taken into account (ANOVA p > 0.05 for each comparison).

Moreover, the image noise and general noise (SD in 1 cm2

ROI in the aortic root) were significantly lower in the diag-
nostic cases group comparing with the non-diagnostic one
(31.3 CI 95% 29.3–33.3 vs 39.8 CI 95% 25.7–53.9 [t test
p = 0.03]; 32.7 CI 95% 29.8–34.6 vs 34.5 CI 95% 30.5–40.0
[t test p = 0.01], respectively).

ICA analysis

In the ICA arm, 2 cases were rejected due to not adhering to
the exclusion criteria, because of the presence of a stent and a
coronary artery bypass graft (2 of 76, 2.6%). Thirteen of 76
(17.1%) ICAs were rejected because of insufficient projec-
tions in the dataset analysed as follows: 4/13 (30.8%) cases
for the left, 7/13 (53.8%) for the right and 2/13 (15.4%) ICAs
for both coronary arteries. (Fig. 5).

Discussion

To ensure high-quality results, in DISCHARGE, an entire
work package (WP3) has been addressed to quality criteria
evaluation. In the CCTA arm, our assessment method moved
from the more general European guidelines on quality criteria
for computed tomography [18, 19] to more detailed methods
that specifically focus on CCTA. In the ICA arm, we evaluat-
ed the adherence to the general recommendation on how to
perform an ICA in the DISCHARGE trial, designed to strike
with a balance between the number of projections and radia-
tion risk, estimating a minimum of four projections for the left
coronary arteries and two for the right one.

Major efforts were carried out by other research groups to
define a standard protocol for CCTA [11, 12, 37]. Radiation
dose reduction was the main focus of those reports, whereas
image quality and NDX rate were only taken secondarily into
account as indicators of protocol effectiveness.

This study meant to assess the impact of the DISCHARGE
trial operative protocol (10-steps guide to performing cardiac
CT) [2] on the predetermined protocol adherence, image qual-
ity, and NDX rate.

We also analysed the importance of the setting up of a
dedicated core lab in the trial pilot study phase which resulted,
in our experience, in a decrease of the NDX rate, an increase
of adherence to protocol, and an improvement of image
quality.

The CCTANDX rate of the dataset initially sent to the core
lab, was, unexpectedly, high (21.4%, 15 of 70) and, although
it was reduced in the FADB (12%, 9 of 75), it remained ele-
vated in comparison with the current literature. In fact, in a
study from Gopal et al [38], with similar inclusion and

Fig. 2 Distribution of errors through the dataset. Plots of the different
error distribution through the rounds

Fig. 1 Stents present in LAD. It is possible to identify 2 stents in the LAD
(arrow) which is a violation of exclusion criteria
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exclusion criteria, the CCTANDX rate was 8% and Schuetz et
al [39] in 2012, in a meta-analysis, showed as 9%. These data
are even more important considering the high cardiac imaging
experience of the centres involved in DISCHARGE. The high
NDX rate and the lack of adherence at the beginning of the
pilot study may reflect the intrinsical difficulties in fitting their
well-established on-site protocol to the “10-steps guide to
performing cardiac CT” [2].

Regarding the protocol adherence analysis, interestingly,
the major unfulfilled aspect of the “10-steps guide to
performing cardiac CT” [2] was the non-cardiac structure scan
(see Table 1), leading to a potential missed diagnosis of non-
cardiac findings; precisely, the possibility to detect the extra-
cardiac findings is one of the important advantages of CCTA
with respect to ICA [40]. Moreover, considering that the pro-
tocol adherence assessment was carried out only in a subset of
images submitted by the centres, defined by them as “high
adherence” cases, our initially high rate of CCTA that did

not fulfil the minimum adherence criteria (75.7%) was
unexpected.

From an image quality point of view, our qualitative score
moved from 3.6 in the initial dataset to 3.7 in the FADB,
remaining still lower as compared to a study from Tatsugami
et al (from 3.75 ± 0.38 to 4.24 ± 0.38) [25].

The SNR and the CNR of the FADB were 14.2 (CI 95%
13.5–18.6) and 12.1 (CI 95% 10.7–14.6) which are con-
versely considerably higher compared with a comparable
analysis conducted by Tumur et al (SNR = from 10.47 ±
3.29 to 11.0 ± 3.63; CNR = from 8.33 ± 3.08 to 7.95 ±
2.68) [41]. In addition, signal-to-general-noise ratio and
contrast with fat to general noise ratio are higher than
Feger et al [32] (respectively, 16.5 (CI 95% 13.5–18.4)
vs 9.4 ± 3.0/12.6 ± 4.4; 19.0 (CI 95% 15.8–21.5) vs 11.
± 3.1/15.3 ± 4.7, respectively). The standard deviation
(SD) was larger, probably, due to the differences in terms
of CT scanners used in our study.

Fig. 3 Comparison between very
good images and non-diagnostic
(NDX) images. a, b Comparison
between very good (5) and NDX
(1) image quality in a 4-chamber
view, image a shows a very high
signal, low noise, high SNR, and
high CNR; on the contrary, image
b shows a poor signal, high noise,
low SNR, and low CNR and
demostrates a poor
levocardiographic effect defined
as the selective opacification of
the left chamber. c, d Comparison
between very good and NDX
images quality in the LAD; in
addition, image d shows a gap in
the LAD (arrow)

Fig. 4 Same projection of RCA
in different patients. a, b The
same projection of RCA; the
arrow shows the stair-steps
artefact with a displacement >
50% rendering the segment non-
diagnostic
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Comparison between qualitative and quantitative assess-
ment of image quality showed a significant discrepancy be-
tween evaluation methods, which has to be matched with the
high prevalence of FADB NDX rate in our patient’s cohort
(12%). This asymmetry may lead to the assumption that, for
more objective image quality evaluation, the qualitative anal-
ysis is the best approach.

Concerning the radiation dose analysis, our effective dose
was 6.7 mSv ± 4.3, which was higher than that of Rief et al
[42] (3.0 mSv ± 1.8; 320-row scanner), but lower compared
with that of Hausleiter et al [14] (12 mSv; 64-row scanner). In
our opinion, this difference is due to the large variability of
technological equipment among the DISCHARGE consor-
tium (ranging from 64-row scanner to the latest generation
of dual-source CT); this hypothesis is supported by the rela-
tively high value of SD obtained in our study.

The CCTA scientific literature interestingly lacks clinical
studies specifically focusing on the evaluation of image qual-
ity in ICA, and those publications were based on purely qual-
itative methods [43, 44]. Whilst protocol standardization in
Europe has been meticulously defined for x-ray-based diag-
nostic procedures [45] no specifications are reported
concerning the minimum number of projections for ICA.

According to Smith et al [20], the optimal balance between
radiation exposure and clinical yield was provided by three
projections for the right coronary artery and four for the left
coronary artery. Despite the DISCHARGE protocol being
more focused on radiation safety, reducing to, at least, 2 pro-
jections for the right coronary arteries (RCA), 9 out of 76
(11.8%) ICA presented just one projection for the RCA.

Anyhow, our dosimetric data (fluoroscopy time 4.0 min ±
3.5; effective dose 5.9 mSv ± 4.3) reflect the existing litera-
ture, in fact in a review, Pantos et al [46] showed an average
fluoroscopy time (6398 studies reported) 4.7 min (ranging
0.3–57 min) and an average effective dose (3418 studies re-
ported) 9.1 mSv (ranging 0.3–15.8 mSv).

Our study has several potential limitations to be
acknowledged.

First, the objective difficulty for the site to shift from their
clinical routine protocol towards DISCHARGE standard op-
erative procedure could explain this high non-compliance rate.
This scheme proposal, however, may serve as an operative
base for future clinical trials using cardiac CTA.

Second, there are obvious intrinsic limitations of a subjec-
tive qualitative image quality assessment, which is difficult to
compare with similar studies and intrinsically biased by the
arbitrariness of the score used, although it has been previously
applied, however, by other investigators [47, 48].

Third, we did not define the set of cut-offs for each image
quality quantitative parameter and, especially for CNR and
SNR and further studies are necessary to define such cut-offs.

In summary, during the pilot study of DISCHARGE, we
were able to decrease the CCTA NDX rate and improve the
image quality and, therefore, we could consider the “10-steps
guide to performing cardiac CT” [2] could be proposed as a
standard operative protocol and EU cardiac CTA quality stan-
dard that should be adopted in further RCTs and in clinical
practice.

In addition, this study shows that, despite the high grade of
cardiac imaging specialisation [49], a pilot study before an

Fig. 5 ICA image quality and
quality criteria evaluation. a, b
Comparison between very good
and poor (still diagnostic) ICA
image quality; c The arrow shows
the presence of a bypass graft
(CABG) and the arrowhead
shows the internal mammary
artery; d The arrow shows the
present of a stent in the RCA
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imaging randomised control trial (RCT) is helpful to define
and to increase adherence to a common image acquisition
protocol. This allows to build up a standard of quality both
for ICA and for CCTA that is mandatory to increase internal
consistency and external validation of the DISCHARGE trial.
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