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Cardiovascular magnetic resonance imaging 
features and prognostic value in immune 
checkpoint inhibitor‑induced myocarditis

Farah Cadour, Jennifer Cautela, Stanislas Rapacchi, 
Arthur Varoquaux, Paul Habert, ARNAUD, Alexis Jacquier, 
Alexandra Meilhac, Franck Paganelli, Ugo Scemama, Franck 
Thuny

Keywords myocarditis, cardio-oncology, cardiac magnetic 
resonance, immune checkpoint inhibitor

Topic Area of Interest

Purpose/Objectives ICI-M is an emerging and severe com-
plication of cancer treatment, for which diagnosis and risk 
stratification are challenging. We sought to analyze the car-
diovascular magnetic resonance imaging (CMR) findings 
of immune checkpoint inhibitor (ICI)-induced myocarditis 
(ICI-M) and to explore their prognostic value.
Methods and Materials In this case–control multicenter 
study, the clinical, biological, and CMR data (including T1/
T2 map values) of adults with ICI-M (n = 33) were compared 
with those of two other groups, including cancer patients 
without myocarditis scheduled to receive ICIs (w/o-M, 
n = 21) and patients with non-ICI-induced myocarditis (NI-
M, n = 85). As secondary objective, we performed an explor-
atory analysis of the potential CMR predictors of major 
adverse cardiovascular events (MACE) in ICI-M patients.
Results Compared with w/o-M, the global T2, native T1, 
and extracellular volume (ECV) z-scores were significantly 
higher in ICI-M (respectively p = 0.004, p < 0.001, and 
p = 0.03 for ECV). Late gadolinium enhancement (LGE) was 
more frequently observed in ICI-M than in w/o-M (82% vs. 
9%, p < 0.001). The sensitivity of the main 2018-Lake Lou-
ise criteria was only 61% and the specificity was 100% in 
the diagnosis of ICI-M. No significant difference was found 
between ICI-M and NI-M in terms of the global native T1, 

global ECV, and global T2 z-scores. LGE was less frequent 
in ICI-M (82% vs. 100%, p < 0.001) but was more likely to 
involve the midwall layer (p < 0.001) and septal segments 
(p < 0.001) than in NI-M. For ICI-M patients, septal LGE 
was the only CMR predictor of MACE after adjustment for 
age, sex, risk factors, left ventricular ejection fraction < 50%, 
and magnitude of increase in peak troponin I or T (adjusted 
HR, 3.57 [1.26–10.18]; p = 0.02).
Conclusion ICI-M demonstrates specific features on CMR, 
and septal LGE may be a predictor of poor prognosis.
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Transforming a pre‑existing MRI environment 
into an interventional cardiac MRI suite

Geertruida P. Bijvoet, Robert J. Holtackers, Jouke Smink, 
Tom Lloyd, Cristy L.M. van den Hombergh, Luuk J.B.M. 
Debie, Joachim Wildberger, Kevin Vernooy, Casper Mihl, 
Sevasti‑Maria Chaldoupi

Keywords Interventional CMR, CMR-guided ablation, 
CMR-guided electrophysiological procedure, iCMR

Topic Procedure

Purpose/Objectives To illustrate the practical and technical 
challenges along with the safety aspects when performing 
MRI-guided electrophysiological procedures in a pre-exist-
ing diagnostic MRI environment.
Methods and Materials A dedicated, well-trained multi-
disciplinary interventional cardiac MRI team (iCMR team), 
consisting of electrophysiologists, imaging cardiologists, 
radiologists, anaesthesiologists, MRI physicists, electrophys-
iological (EP) and MRI technicians, biomedical engineers, 
and medical instrumentation technologists is a prerequisite 
for a safe and feasible implementation of CMR-guided elec-
trophysiological procedures (iCMR) in a pre-existing MRI 
environment. A formal dry run “mock-up” to address the 
entire spectrum of technical, logistic, and safety issues was 
performed prior to obtaining final approval of the Board of 
Directors.
Results With this process we showed feasibility of our work-
flow, safety protocol, and bailout procedures during iCMR 
outside the conventional EP lab. The practical aspects of 
performing iCMR procedures in a pre-existing MRI environ-
ment were addressed and solidified. Finally, the influence 
on neighbouring MRI scanners was evaluated, showing no 
interference.
Conclusion Transforming a pre-existing diagnostic MRI 
environment into an iCMR suite is feasible and safe. How-
ever, performing iCMR procedures outside the conventional 
fluoroscopic lab, poses challenges with technical, practical, 
and safety aspects that need to be addressed by a dedicated 
multi-disciplinary iCMR team.

Image 1

Image 2

Presenter's first name and last name
Geertruida P. Bijvoet

Presenter's city and country
Maastricht, The Netherlands

Presenter's email address
miranda.bijvoet@mumc.nl



3605The International Journal of Cardiovascular Imaging (2021) 37:3603–3667 

1 3

0003

Relationship between epicardial adipose tissue 
and diastolic function on routine cardiac magnetic 
resonance

Farah Cadour, Pierre Daudé, Patricia Ancel, Lauriane PINI, 
Franck Thuny, Anne Dutour, Monique Bernard, Alexis 
Jacquier, gaborit, Stanislas Rapacchi

Keywords epicardial adipose tissue, cardiac magnetic reso-
nance, diastolic function

Topic Area of Interest

Purpose/Objectives Purpose: Diastolic dysfunction (DD) 
is an often undetected condition in its early stages, although 
DD participates in heart failure, particularly in metabolic 
syndrome patients. In these patients, epicardial adipose tis-
sue (EAT) overload has been associated to DD. Identify-
ing concurrent biomarkers from routine clinics, including 
cardiac magnetic resonance (CMR), that could characterize 
patients with DD would help tailor care and prevent further 
cardiac degradation.
Objective This study sought to analyze if subjects with DD 
on CMR are dissociable based on routine CMR and clinical 
parameters.
Methods and Materials 141 adults with CMR were 
enrolled in this retrospective single-center study. Principal 
components analysis, hierarchical clustering and correla-
tions on a vast array of demographical, biological, clinical 
variables, and CMR parameters (including DVR80 – propor-
tion of diastole required to recover 80% stroke volume, and 
EAT surface) were conducted after stratification to adjust for 
age (< 50/ ≥ 50 years old).
Results On the group < 50 years old, unsupervised cluster-
ing distinguished three clusters of equivalent size. Cluster 
3 had a “pathological phenotype” with obese (body mass 
index, BMI 40.31 ± 7.77 kg.m-2) and diabetes mellitus sub-
jects presenting altered DVR80 and EAT overload. Cluster 
2 and 1 differed only on sex predominance and diabetes mel-
litus distribution. EAT overload, BMI, and diabetes mel-
litus were significantly correlated to DVR80 (respectively 
r = 0.28, p = 0.02; r = 0.40, p < 0.001; r = 0.38, p = 0.001). 
Neither significant association with DVR80 nor distinctive 
clusters were found in the group ≥ 50 years old, suggesting 
a more complex multifactorial phenomenon.

Conclusion Diabetic and overweighted subjects under 
50  years old undergoing CMR should be screened 
with particular attention for EAT overload and DVR80 
alteration from routine cine-sequence to orient patient 
for additional investigations for DD diagnosis, even if 
asymptomatic.
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Myocardial T2 mapping and correlations 
with clinical and CMR parameters in patients 
with systemic sclerosis
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Francesco Grigioni, Gianfranco Sinagra, Sophie Mavrogeni, 
Marco Matucci‑Cerinic, Antonella Meloni

Keywords Myocardium, MR/MR-Angiography, Tissue 
characterisation

Topic Special Focus

Purpose/Objectives Chronic myocardial inflammation plays 
a crucial role in the pathogenesis of cardiac involvement in 
systemic sclerosis (SSc) patients. T2 mapping cardiovas-
cular magnetic resonance can noninvasively detect subtle 
forms of myocardial inflammation with high sensitivity and 
specificity. Our aim was to evaluate the prevalence of cardiac 
involvement by T2 mapping and its correlation with clinical 
and CMR parameters in SSc patients.
Methods and Materials Fifty-one consecutive SSc 
patients (mean age 51.8 ± 13.7 years, 42 females) and 51 
healthy subjects matched for age and gender underwent 
clinical, bio-humoral assessment, and CMR at 1.5 T (Signa 
Artist, GE Healthcare). The imaging protocol included: 
cine, T2 and T1 mapping by multi-echo fast-spin-echo and 
MOLLI sequences, respectively, late gadolinium enhance-
ment (LGE), and STIR T2-weighted sequences. Native T2 
and T1 values were assessed in all 16 myocardial segments 
and the global value was the mean.
Results Global myocardial T2 values were significantly 
higher in SSc patients than in healthy subjects (Fig. 1). In 
patients, global myocardial T2 values were significantly 
lower in males than in females (55.24 ± 4.78 vs 58.19 ± 3.63; 
P = 0.042) and not associated with age. Thirty-one(60.8%) 
patients had an elevated global myocardial T2 value (ET2), 
according to our local cut-offs. Only 5 patients(9.8%) showed 
myocardial edema by T2-weighted images (4 patients had 
also an ET2). T2 values were comparable between patients 
without and with edema by STIR. All 6 patients with diffuse 
cutaneous systemic sclerosis (dcSSc) showed an increased 
T2 value, making the frequency of this form significantly 
more frequent among patients with elevated versus normal 
T2 value (19.4% vs 0.0%; P = 0.036). Positive STIR images 
were comparable in pts with dcSSc and lcSSc. All other 
clinical/CMR parameters were comparable between patients 

with normal and elevated T2. Native T1 values were signifi-
cantly higher in patients with ET2 (Fig. 2).
Conclusion More than half of patients with SSc showed an 
increased myocardial T2 value, associated with the pres-
ence of the diffuse cutaneous form and of diffuse myo-
cardial fibrosis. CMR T2 mapping seems to be a more 
sensitive parameter for detecting edema and it should be 
considered for an early assessment of subclinical myocar-
dial inflammation.
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Impact of the COVID‑19 pandemic in the MR 
availability for iron overloaded patients

Alessia Pepe, Laura Pistoia, Massimiliano Missere, Riccardo 
Righi, Antonino Vallone, Priscilla Fina, Stefania Renne, Ada 
Riva, Angelantonio Vitucci, Francesco Massei, F. Mehtap 
Pasin, Antonella Meloni

Keywords Myocardium, MR/MR-Angiography, Tissue 
characterisation

Topic Special Focus

Purpose/Objectives The T2* magnetic resonance imag-
ing (MRI) technique for the noninvasive quantification of 
iron overload has significantly improved the survival of 
patients with hemoglobinopathies by tailoring the chela-
tion therapy. In Italy, the E-MIOT (Extension-Myocardial 
Iron Overload in Thalassemia) Network, a collaborative 
project among MRI and hematological centers, has assured 
high-quality quantification of iron in vital organs such as 
heart, liver, and pancreas. The COVID-19 pandemic has 
disrupted healthcare services around the world, also lead-
ing to postpone or delete deferable diagnostic evaluations. 
We evaluated the impact of the COVID-19 pandemic on 
MRI services for iron overload quantification in Italy.
Methods and Materials The activity of the MRI centers 
of the E-MIOT Network in the year 2020 was compared to 
the activity in the same months of 2019. A specific survey 
was filled out by the MRI operators to evaluate if the avail-
ability of MRI slots for patients with hemoglobinothies 
was reduced and the reasons.
Results In comparison with the 2019, in 2020 there was 
a significant reduction in the number of T2* MRIs per-
formed(350 vs 656; P < 0.0001). Specifically, there was a 
marked decline(86.9%) in the four-month period March-
June 2020, a reduction in the gap between the two years 
in the three-month period July–September, and a new 
decline(41.4%) in the three-month period October-Decem-
ber (Fig. 1). Figure 2 shows the %decline for each center 
(vertical axis = 0 in absence of %decline). In the trimester 
July–September only Pisa and Taranto dropped the number 
of T2* MRIs, due to the rescheduling of the MRIs deleted 
during the lockdown. In the trimester October-December 
the reduction of the T2* MRIs at Ferrara and Lamezia was 
due to general reduction in the number of MRIs/day for the 
sanitation procedures. In the other centers the availability for 
T2* MRI scans was unchanged in comparison to 2019, but 
the patients refused the MRI for fear of COVID.

Conclusion The COVID-19 pandemic is having a strong 
negative impact on the quantification of iron overload 
by MRI, which may seriously worsen the prognosis of 
patients with hemoglobinopathies. Strategies to ensure 
proved lifesaving MRI exam and to reassure patients about 
the health safety of the hospitals are recommended.
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Multiparametric Cardiac Magnetic Resonance 
assessment in sickle β‑thalassemia

Alessia Pepe, Antonella Meloni, Giacomo Agliata, Gennaro 
Restaino, Giuseppe Peritore, Luigi Barbuto, Saveria Campisi, 
Sabrina Bagnato, Letizia Tedesco, Valentina Carrai, Vincenzo 
Positano, Laura Pistoia.

Keywords Myocardium, MR/MR-Angiography, Outcomes 
analysis, Tissue characterisation.

Topic Special Focus.

Purpose/Objectives Sickle β-thalassemia (Sβ-thal) is a 
hereditary hemoglobinopathy resulting from the combined 
heterozygosity for sickle cell and β-thalassemia genes. Car-
diac involvement in Sβ-thal patients has been poorly inves-
tigated. We aimed to evaluate myocardial iron overload 
and cardiac function by cardiovascular magnetic resonance 
(CMR) in patients with Sβ-thal.
Methods and Materials 111 Sβ-thal patients consecu-
tively enrolled in the Myocardial Iron Overload in Thalas-
semia (MIOT) network were studied and compared with 
46 sickle cell disease (SCD) patients. Moreover, biatrial 
and biventricular function CMR parameters of Sβ-thal 
patients were compared with those of 111 healthy volun-
teers, matched by gender and age. Myocardial iron over-
load (MIO) was assessed by T2* technique. Cine images 
were acquired to quantify biventricular function. Macro-
scopic myocardial fibrosis was evaluated by late gadolin-
ium enhancement (LGE) technique.
Results In Sβ-thal and SCD patients morphological and 
functional MR parameters were no significantly different, 
except for left atrial area and SVI (p = 0.023 and p = 0.048, 
respectively) that were significantly higher in SCD patients 
compared to Sβ-thal. No significant differences between 
the two gropus were found in terms of myocardial iron 
overload and macroscopic myocardial fibrosis. When com-
pared to healthy subjects, Sβ-thal patients showed signifi-
cantly higher biatrial and biventricular parameters except 
for LVEF that was significantly lower (Fig. 1).
Conclusion The CMR analysis confirmed that Sβ-thal and 
SCD patients are phenotypically similar. Since Sβ-thal 
patients showed markedly different morphological and 
functional indices from healthy subjects, it would be use-
ful to identify Sβ-thal/SCD-specific biatrial and biven-
tricular reference values.

Image 1

Presenter's first name and last name
Alessia Pepe

Presenter's city and country
Pisa, Italy

Presenter's email address
alessia.pepe@ftgm.it

0007

Myocardial T2 values by a segmental approach 
with healthy ageing and gender

Alessia Pepe, Nicola Martini, Vincenzo Positano, Gennaro 
D'Angelo, Andrea Barison, Giancarlo Todiere, Chrysanthos 
Grigoratos, Petra Keilberg, Laura Pistoia, Luna Gargani, 
Andrea Ripoli, Antonella Meloni

Keywords Myocardium, MR/MR-Angiography, Tissue 
characterisation

Topic Special Focus



3609The International Journal of Cardiovascular Imaging (2021) 37:3603–3667 

1 3

Purpose/Objectives No data are available in literature 
about normal ranges for T2 in human myocardium using 
GE scanners.Our aims were to obtain myocardial regional 
and global T2 values as a reference for normality for the 
first time using a GE scanner and to assess their associa-
tion with physiological variables.
Methods and Materials A stratified approach was 
adopted for healthy volunteers recruitment, ensuring the 
presence of 10 participants for both genders in each age 
decile: 20–30, 30–40, 40–50, 50–60, 60–70 years. Basal, 
medium, and apical short-axis slices of the left ventricle 
were acquired by a multi-echo fast-spin-echo (MEFSE) 
sequence. Image analysis was performed with a commer-
cially available software package. T2 value was assessed in 
all 16 myocardial segments and global value was the mean.
Results The global T2 value averaged across all sub-
jects was 52.2 ± 2.5 ms. Inter-study, intra-observer, and 
inter-observer reproducibility was good (coefficient of 
variation < 5%). The 3.6% of segments was excluded 
because of artifacts and/or partial-volume effects. Seg-
mental T2 values differed significantly (P < 0.0001), 
with the lowest value in the basal anterolateral segment 
(50.0 ± 3.5 ms) and the highest in the apical lateral seg-
ment (54.9 ± 5.1 ms). Mean T2 was significantly lower in 
the basal slice compared to both medium (51.0 ± 2.4 vs 
51.8 ± 2.6 ms; P < 0.0001) and apical slices (51.0 ± 2.4 vs 
54.2 ± 3.7 ms; P < 0.0001), and in the medium slice than in 
the apical slice (51.8 ± 2.6 vs 54.2 ± 3.7 ms; P < 0.0001). 
Aging was associated with increased segmental and global 
T2 values. Females showed higher T2 values than males. 
Mean T2 values, standard deviation, and lower/upper lim-
its of normal for all 16 myocardial segments are shown 
in Fig. 1 for males and in Fig. 2 for females, considering 
separately each age group.
Conclusion The optimized MEFSE sequence allows for 
robust, reliable, and reproducible quantification of seg-
mental T2 values. T2 values differ among myocardial 
slices and are influenced by age and gender, making 
mandatory to define gender- and age-specific segmental 
reference values for distinguishing between healthy and 
diseased myocardium. The normal ranges defined in this 
study on a large cohort of healthy subjects could be used as 
reference by other sites using the same sequence, allowing 

them to recruit a smaller population and accelerating the 
spread of myocardial T2 mapping in the clinical arena.
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Changes in CMR parameters and prediction 
of cardiac complications in thalassemia major: 
fibrosis tells us more than iron

Alessia Pepe, Pietro Giuliano, Laura Pistoia, Michela Zerbini, 
Valentina Vinci, Emanuele Grassedonio, Nicola Giunta, Piera 
Giovangrossi, Sara Gentili, Alessandra Quota, VINCENZO 
POSITANO, Antonella Meloni

Keywords Myocardium, MR/MR-Angiography, Outcomes 
analysis, Tissue characterisation

Topic Special Focus

Purpose/Objectives Cardiovascular magnetic Resonance 
(CMR) has dramatically changed the clinical practice and 
improved the prognosis in thalassemia major (TM). This is 
the first study evaluating the predictive value of changes in 
CMR parameters (myocardial iron, function, and fibrosis) 
for cardiac complications in TM.
Methods and Materials We followed prospectively 709 
TM patients consecutively enrolled in the Myocardial Iron 
Overload in Thalassemia Network who performed a baseline 
and a 1st follow up CMR scan after 18 months. Myocardial 
iron overload (MIO) was measured by multislice multiecho 
T2* technique and atrial dimensions and biventricular func-
tion by cine images. Macroscopic myocardial fibrosis was 
detected by late gadolinium enhancement technique. Risk 
classes were defined based on the 4 patterns of MIO from 
worst to normal.
Results Mean age at baseline CMR was 29.77 ± 8.53 years 
and 374 patients were females. During a mean follow-up 
of 89.4 ± 33.3 months, cardiac events were recorded in 50 
(7.1%) patients: 24 (48%) episodes of heart failure, 24 (48%) 
arrhythmias (23 supraventricular and 1 hypokinetic), and 2 
(4.0%) pulmonary hypertension. Mean time from the 1st fol-
low up CMR to the development of a cardiac complication 
was 75.31 ± 35.35 months. In the univariate Cox regression 
analysis, cardiac iron cleareance and myocardial fibrosis 
were identified as univariate prognosticators (Table 1). In 
the multivariate analysis only myocardial fibrosis remained 
an independent predictor factor.
Conclusion The presence of myocardial fibrosis at the 
baseline CMR or developed within 18 months emerges as 
the strongest long-term predictor for cardiac complications 
in TM. Our data demonstrate the importance in using the 
contrast medium for CMR scans in thalassemia patients.
Figure 1 shows the classification for the changes detected 
between baseline and 1st control MRI scans
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Value of Cardiac Magnetic Resonance Imaging 
to Differentiate Biopsy‑Proven Myocarditis 
and Dilated Cardiomyopathy

Jan Michael Brendel, Karin Klingel, Jens Kübler, Sebastian 
Gassenmaier, Konstantin Nikolaou, Meinrad Gawaz, Simon 
Greulich, Susann‑Cathrin Olthof, Florian Hagen, Patrick 
Krumm

Keywords Myocarditis, Dilated Kardiomyopathy, Magnetic 
Resonance Imaging, Endomyocardial Biopsy, Function, Late 
Gadolinium Enhancement

Topic Area of Interest

Purpose/Objectives To identify cardiac magnetic resonance 
(CMR) characteristics to discriminate biopsy-proven: (1) 
myocarditis from dilated cardiomyopathy (DCM), and (2) 
different stages of myocarditis (acute vs. chronic vs. healed 
myocarditis).
Methods and Materials 208 patients (age 51 ± 15 years; 
24% female) with endomyocardial biopsies (EMB) and 
CMR in the years 2010–2020 were evaluated and divided 
in groups of acute, chronic, healed lymphocytic myocardi-
tis vs DCM. CMR protocol comprised functional and late 
gadolinium enhancement imaging (LGE).
Results Right ventricular EMB revealed: 1) acute myo-
carditis (n = 7, 3%), 2) chronic myocarditis (n = 117, 57%), 
3) healed myocarditis (n = 36, 17%), and 4) DCM (n = 48, 
23%). Left-ventricular ejection fraction (LV-EF) was higher, 
and LV end-diastolic volume index (LV-EDVI) was lower in 
myocarditis patients (acute: 41%, 83 ml/m2; chronic: 41%, 
101 ml/m2; healed: 44%, 95 ml/m2) compared to DCM 
patients (29%, 131 ml/m2), p < 0.0001. Myocarditis patients 
demonstrated a higher LGE prevalence (71% acute; 66% 
chronic; 72% healed) than DCM patients (40%), p = 0.006. 
Myocarditis patients defined by their histological stage 
(acute/chronic/healed) showed no significant differences in 
cine or LGE-CMR characteristics.
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Conclusion CMR can differentiate biopsy-proven lym-
phocytic myocarditis from DCM by the presence of lower 
left-ventricular volumes and both higher LV-EF and LGE 
prevalence. However, cine and LGE CMR alone seem not to 
be sufficient to discriminate non-invasively different stages 
of myocarditis (acute/chronic/healed).
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Deep learning‑based image reconstruction for CT 
angiography of the aorta

Andra Heinrich, Felix Streckenbach, Ebba Beller, 
Marc‑André Weber, Felix G. Meinel

Keywords CT/CT-Angiography, Aorta, Deep Learning

Topic Imaging Technique

Purpose/Objectives To evaluate the impact of a novel deep 
learning-based image reconstruction algorithm on the image 
quality in CT angiography of the aorta.
Methods and Materials We retrospectively analyzed 51 con-
secutive patients (median age 69 years, 19 women) who under-
went ECG-gated chest CT angiography and non-gated acqui-
sition for the abdomen on a 256-dectector-row CT. Images 
were reconstructed with adaptive statistical iterative recon-
struction (ASIR-V) and deep learning-based image recon-
struction (DLIR). Intravascular image noise, signal-to-noise 
ratio (SNR) and contrast-to-noise ratio (CNR) were quantified 
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for the ascending and descending thoracic aorta, the abdomi-
nal aorta and the iliac arteries. Two readers scored subjec-
tive image quality on a 5-point scale (5 = excellent, 4 = good, 
3 = sufficient, 2 = poor, 1 = non-diagnostic).
Results Compared to ASIR-V, DLIR reduced median image 
noise by 51–54% for the ascending (22 vs. 48 Hounsfield units 
(HU)) and the descending thoracic aorta (23 vs. 47HU, both 
p < 0.0001). Correspondingly, median CNR roughly doubled 
for the ascending aorta (15 vs. 7HU) and descending thoracic 
aorta (14 vs. 7HU, both p < 0.0001). There was a 38% reduc-
tion in image noise for the abdominal aorta (18 vs. 29HU) and 
the iliac arteries (13 vs. 21HU, both p < 0.0001), with a cor-
responding improvement in CNR (18 vs. 11 and 23 vs. 14HU 
respectively, both p < 0.0001). Median subjective image qual-
ity improved from good to excellent at all anatomical levels 
(all p < 0.0001).
Conclusion In CT angiography of the aorta, DLIR substan-
tially improved objective and subjective image quality beyond 
what can be achieved by state-of-the-art iterative reconstruc-
tion. This can pave the way for further radiation or contrast 
dose reductions.
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Global and regional test–retest reproducibility 
of native T1 and T2 mapping in cardiac magnetic 
resonance imaging
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Topic Imaging Technique

Purpose/Objectives MRI is an invaluable tool for diag-
nosis and risk stratification in many cardiac diseases [1]. 
Conventional MR imaging techniques are increasingly 
supplemented by mapping techniques which permit quan-
titative assessment of myocardial tissue with measure-
ment of absolute T1, T2 and T2* relaxation times [2]. 
The clinical use of mapping techniques requires sufficient 
reproducibility of measurement results. Mapping derived 
values will only be useful clinically if the reproducibility 
is higher (i.e., the measurement error smaller) than the 
differences between healthy subject and patients with a 
specific pathology (or between different pathologies that 
should be differentiated). There is limited data on the 
test–retest reproducibility of T1 and T2 mapping results. 
Therefore, the purpose of our study was to investigate the 
global and regional reproducibility of native T1 and T2 
mapping results and to analyseanalyze the influence of 
demographic factors, physiological parameters, slice posi-
tion and myocardial regions.
Methods and Materials In this prospective cohort-study 
we included 50 healthy volunteers (29 female, 21 male) 
with a mean age of 39.4 ± 13.7  years. Each volunteer 
underwent two cardiac MRI investigations at 1.5 T on 
the same day including T1 mapping using the modified 
look-locker inversion-recovery (MOLLI) scheme and 
steady state free precession (SSFP) based T2 mapping. 
Global T1 and T2 values were quantified for the entire 
left ventricle. Regression models were used to analyse the 
influence of demographic and physiological parameters 
on the reproducibility of global T1 or T2 measurements. 
Regional T1 and T2 values were measured for each myo-
cardial segment. Additionally, we grouped myocardial seg-
ments by slice position (basal, midventricular, apical) and 
anatomical region (septum, anterior, lateral, inferior wall). 
Test–retest reproducibility was assessed using intra-class 
correlation coefficient (ICC) and Bland–Altman statistics.
Results Reproducibility was good for global T1 values 
(ICC 0.88) and excellent for global T2 values (ICC 0.91). 
Regression models showed no significant influence of 
demographic and physiological parameters on reproduc-
ibility. Reproducibility of T1 values was excellent (ICC 
0.91) for the midventricular slice and good for the api-
cal (ICC 0.86) and basal slice (ICC 0.81). Basal slice 
T1 reproducibility was significantly lower than that of 
the midventricular slice. Reproducibility of T1 mapping 
values was highest in the septum (ICC 0.90) compared 
to the anterior (0.81), lateral (0.86) and inferior (0.86) 
wall. Anterior wall T1 reproducibility was significantly 
lower than that in the septum. For T2 mapping, repro-
ducibility was good for all slice positions (ICC 0.86 for 
midventricular, 0.83 for basal and 0.80 for apical slice). 

Rreproducibility of T2 mapping was significantly lower 
for the inferior wall (ICC 0.58) than for septum (0.89), 
anterior (0.85) and lateral (0.87) wall.
Conclusion Native T1 and T2 mapping showed good to 
excellent reproducibility with significant regional differ-
ences. Based on our data, we recommend global quantita-
tive analysis with suitable commercially available software 
tools. If these are not available, we recommend averaging 
regions of interest in the left ventricular septum over three 
short-axis slices.
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Topic Imaging Technique

Purpose/Objectives To systematically compare two modi-
fied Look-Locker inversion recovery (MOLLI) T1 mapping 
sequences and their impact on myocardial T1 values native, 
post contrast agent application (pCA) and on calculation of 
extracellular volume (ECV).
Methods and Materials 163 patients (age 55 ± 17 years; 
38%female) underwent CMR at 1.5 T for ischemic, non-
ischemic cardiomyopathy and myocarditis. Two T1 map-
ping MOLLI acquisition schemes 5(3)3; and 4(1)3(1)2 were 
sequentially acquired in mid-ventricular short-axis slice 
native and 15–20 min pCA. ECV was calculated offline with 
blood sample hematocrit. Both acquisition schemes were 
compared in vitro with an inversion recovery fast spin echo 
(IR-FSE) sequence with a sample series of MnCl2 phantom.
Results Myocardial T1 native for 5(3)3 was 1017 ± 42 ms; 
vs. 956 ± 40 ms for 4(1)3(1)2; mean intraindividual differ-
ence -61 ms; p < 0.0001. Myocardial T1 pCA for 5(3)3 was 
494 ± 48 ms, vs. 490 ± 45 ms for 4(1)3(1)2; mean difference 
-4 ms; p = 0.0006. Intraindividual decrease from native to 
pCA T1 for 5(3)3 was 523 ± 62 ms, vs. 466 ± 59 ms with 
4(1)3(1)2; mean difference -57 ms; p < 0.0001. Myocardial 
ECV for 5(3)3 was 27.6 ± 4%, vs. 27 ± 4% for 4(1)3(1)2; 
mean difference -0.6 percentage points; p < 0.0001. Ex vivo 
T1-values for MnCl2 0.05 mM: 1467 ms IR-FSE; 1439 ms 
5(3)3; 1354 ms 4(1)3(1)2. T1-values for MnCl2 0.3 mM: 
431 ms IR-FSE; 406 ms 5(3)3; 408 ms 4(1)3(1)2.
Conclusion T1 MOLLI 5(3)3 acquisition scheme pro-
vides reliable estimation of T1 for long and short T1 
values in vitro as well as in vivo. T1 MOLLI 4(1)3(1)2 
scheme underestimates systematically and relevantly 
higher native myocardial T1 values in vitro and in vivo. 
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This underestimation has only a minor but statistically sig-
nificant impact on ECV calculation.
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Topic Area of Interest

Purpose/Objectives To quantify sarcopenia with psoas 
muscles manual cross sectional segmentation in CT 
before and after EVAR and to evaluate the inter and intra-
observer agreement between two readers.
Methods and Materials Among 50 patients who under-
went CT before and after EVAR, total psoas area (TPA) 
and psoas density (PMD) were manually measured at level 
of inferior endplate of 4th lumbar vertebra (L4). Only in 
pre-procedure CT intra and inter-reader reliability of psoas 
segmentation was determined through independent out-
line of the same abdominal CT images by two radiolo-
gist residents (R1, R2) who were blinded to each other’s 
measurement. One reader repeated psoas measurements 
after two weeks (TPA-PMD 1 and 2). Data are expressed 
as median ± interquartile range. Wilcoxon test was used to 
compare measurements before and after ECVAR. Repro-
ducibility was evaluated using Bland–Altman method.
Results 42 male (84%) and 8 female patients (16%) with 
average age of 42 (range 66–78  years) were studied. 
Comorbidities were: hypertension (80%), diabetes (14%), 
CAD (28%), COPD (30%), kidney failure (12%). R1 meas-
ured at L4: TPA1 = 2535.5 mm2 (2067.2–2818 mm2) and 
PMD1 = 34.5 HU (26.6–37.8 HU); TPA2 = 2631.5 mm2 
(2050.2–2877.7 mm2) and PMD2 = 32 HU (25.1–37.5 
HU). Inter-observer reproducibility of TPA showed a bias 
of 64.0 and Cor of 359.2; reproducibility of PMD showed 
a bias of -2.43 and Cor of 6.19. Intra-observer reproduc-
ibility of TPA showed a bias of -81.1 and Cor of 394.6; 
reproducibility of PMD showed a bias of 1.41 and Cor of 



3617The International Journal of Cardiovascular Imaging (2021) 37:3603–3667 

1 3

6.36. TPA before and after EVAR changes from 1006 mm2 
(1243–1445 mm2) to 937 mm2 (1102–1331 mm2) with a 
significant difference (p < 0.001). PMD before and after 
EVAR changes from 26.5 HU (33–38.7 HU) to 26 HU 
(32–37 HU) without a significant difference (p = 0.630).
Conclusion A significant reduction of TPA after EVAR 
was found. A good intra and inter reader reproducibility 
were observed in the measurement of both TPA and PMD.
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Histological validation of dark‑blood late 
gadolinium enhancement MRI without additional 
magnetization preparation
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Frits W. Prinzen

Keywords magnetic resonance imaging, late gadolinium 
enhancement, myocardial infarction

Topic Imaging Technique

Purpose/Objectives For already two decades, late gadolin-
ium enhancement (LGE) MRI has been considered the refer-
ence standard for the non-invasive assessment of myocardial 
viability. A major drawback of conventional bright-blood 
LGE, however, is the poor contrast between scar tissue and 
the blood pool. Since both tissues may have similar high-
intensity signal, determining the scar-blood barrier is often 
challenging. In cases with subendocardial scar or papillary 
muscle scar, the apparent scar volume can be substantially 
underestimated or even remain completely undetected [1]. 
Recently, a dark-blood LGE method was developed which 
increases scar-to-blood contrast without using additional 
magnetisation preparation, making it widely and readily 
available for clinical routine use [2]. In a cohort of 300 
patients, this novel LGE method demonstrated superior sen-
sitivity for ischaemic scar tissue compared to conventional 
LGE [3]. In this study, we aim to histologically validate this 
novel dark-blood LGE method in a porcine animal model 
with induced myocardial infarction.

Methods and Materials In 13 Yorkshire pigs, myocardial 
infarction was experimentally induced by transient coro-
nary artery occlusion. At 7-weeks post-infarction, the ani-
mals underwent MRI examination under general anesthesia 
using a 1.5 T MR system (Ingenia, Philips Healthcare, NL). 
Approximately ten minutes after intravenous injection of 
0.2 mmol/kg gadobutrol (Gadovist, Bayer Pharmaceuticals, 
DE), conventional bright-blood LGE and dark-blood LGE 
images were acquired. A 1:1 randomisation scheme was used 
to decide the order of acquisition of the two LGE methods. 
Following MRI examination, the animals were sacrificed 
and histopathology was obtained. Matching LGE slices and 
histopathology samples were selected based on anatomical 
landmarks. Independent observers, while blinded to other 
data, manually delineated the endocardial, epicardial, and 
infarct borders on either LGE images or histopathology sam-
ples. Infarct size as measured by conventional bright-blood 
LGE and novel dark-blood LGE were compared with histo-
pathology as reference standard on a per-slice basis. Con-
trast-to-noise ratios were calculated for both LGE methods.
Results A combined total of 24 matched LGE and histo-
pathology slices were available for histopathological vali-
dation. Examples of in-vivo LGE MRI and corresponding 
histopathology samples are shown in Fig. 1. Infarct size by 
dark-blood LGE and conventional bright-blood LGE corre-
lated strongly with infarct size by histopathology (r = 0.998 
and r = 0.892, respectively, Fig. 2A). Although Bland–Alt-
man analyses demonstrated high levels of agreement for 
both comparisons with histopathology (Fig. 2B), conven-
tional LGE showed a significant bias of -1.57% (p = 0.03). 
In contrast, dark-blood LGE showed no significant bias 
when compared against histopathology (-0.03%, p = 0.75). 
The 95% limits of agreement were smaller for dark-blood 
LGE (-0.90%, 0.84%) compared to conventional bright-
blood LGE (-8.02%, 4.88%). Imaging examples of conven-
tional bright-blood LGE and dark-blood LGE imaging are 
shown in Fig. 3. CNR analysis demonstrated a significant 
increase of 106% in scar-to-blood contrast for dark-blood 
LGE compared to conventional bright-blood LGE (8.14 vs 
3.96, p < 0.001, Fig. 4).
Conclusion Dark-blood LGE without additional magnetiza-
tion preparation provides superior visualization and quan-
tification of ischemic scar patterns compared to the current 
in-vivo reference standard. Infarct size as assessed by dark-
blood LGE demonstrated superior correlation and agree-
ment compared to conventional bright-blood LGE, using 
histopathology as reference standard. Since this dark-blood 
LGE method does not require any additional magnetization 
preparation, it guarantees an easy and swift implementation 
in every clinical routine setting as a potential replacement 
method for conventional bright-blood LGE.



3618 The International Journal of Cardiovascular Imaging (2021) 37:3603–3667

1 3

References
Kellman P. Dark-blood late-enhancement imaging improves 
detection of myocardial infarction. JACC Cardiovasc Imag-
ing 2018;11(12):1770–2. https:// doi. org/ 10. 1016/j. jcmg. 
2017. 10. 014.
Holtackers RJ, Chiribiri A, Schneider T, Higgins DM, 
Botnar RM. Dark-blood late gadolinium enhancement 
without additional magnetization preparation. J Cardio-
vasc Magn Reson 2017;19(1):64. https:// doi. org/ 10. 1186/ 
s12968- 017- 0372-4.
Holtackers RJ, Van De Heyning CM, Nazir MS, Rashid 
I, Ntalas I, Rahman H, Botnar RM, Chiribiri A. Clinical 
value of dark-blood late gadolinium enhancement cardio-
vascular magnetic resonance without additional magnetiza-
tion preparation. J Cardiovasc Magn Reson 2019;21(1):44. 
https:// doi. org/ 10. 1186/ s12968- 019- 0556-1.

Image 1

Image 2

Image 3

https://doi.org/10.1016/j.jcmg.2017.10.014
https://doi.org/10.1016/j.jcmg.2017.10.014
https://doi.org/10.1186/s12968-017-0372-4
https://doi.org/10.1186/s12968-017-0372-4
https://doi.org/10.1186/s12968-019-0556-1.


3619The International Journal of Cardiovascular Imaging (2021) 37:3603–3667 

1 3

Image 4

Presenter's first name and last name
Robert J. Holtackers

Presenter's city and country
Maastricht, the Netherlands

Presenter's email address
rob.holtackers@mumc.nl

0018

Differentiating Left Ventricular hypertrophic 
phenotype. CMR lead the way. A single center 
experience
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Topic Special Focus

Purpose/Objectives Left ventricular hypertrophy (LVH) 
is related with various underlying pathological conditions. 
Common causes of LVH are high blood pressure (hyper-
tension), aorticvalve disease, infiltrative cardiomyopathies 
(amyloidosis, Fabry disease, sarcoidosis),hypertrohic 
cardiomyopathy(HCM) and athlete΄s heart (a condi-
tion correlated to physical workout). It is not unusual 

echocardiographic appearance and clinical characteristics of 
LV hypertrophy to resemble. CMR has high spatial resolu-
tion and ability to deliver a comprehensive knowledge about 
cardiac anatomic structures, function, and tissue characteri-
zation. The present study was undertaken, attempting to 
highlight the value of CMR contribution on investigation of 
underlying causes of LVH.
Methods and Materials 121 patients with LVH were retro-
spectively included to our research, as well as a small group 
of 22 healthy individuals as controls. All patients underwent 
a CMR examination using a 3.0 T MRI Philips (Achieva TX) 
manufactured scanner equipped with a 16-channel XL-Torso 
2 anterior and posterior receiver coils. A standard volumet-
ric study was performed followed by a native T1 mapping 
4-chamber long-axis image and 3 short-axis slices using 
a modified look-locker inversion recovery sequence after 
regional shimming. After a bolus of contrast (0.1 mmol/kg 
gadoterate meglumine, Dotarem, Guerbet S.A., France) and 
standard late gadolinium enhancement imaging, T1 map-
ping was repeated 15 min post-contrast using the same slice 
locations with the modified look-locker inversion recov-
ery sequence, to produce automated inline ECV mapping 
reconstruction T1-mapping protocols used 5 s(3 s)3 s and 
4 s(1 s)3 s(1 s)2 s sampling, pre- and post-contrast, respec-
tively. Image postprocessing was performed using com-
mercially available clinical CMR software CVI 42 (Circle 
Cardiovascular Imaging, Calgary, Canada).
Results We analyzed all CMR findings of each patient, 
as heart function, cavities dimensions, thickness of the 
myocardium, and nevertheless tissue characterization. 
Although morphological appearance (restrictive or 
dilated), and hypertrophic myocardial pattern may give 
some clue, we concluded that the most valuable features 
were late gadolinium enhancement (LGE) images and 
novel approaches (myocardial mapping). We were able to 
detect, in concordance always with patient’s clinical his-
tory, 49 cases of aortic valve stenosis (AS), 39 cases of 
Amyloidosis, 14 cases of HCM, 9 cases of Sarcoidosis, 4 
cases of Hypertensive cardiomyopathy, 2 cases of athlete’s 
heart, and 1 case of Fabry disease, as well as 3 cases that 
we could not direct diagnosis.
Conclusion As we expected, we concluded that tissue 
characterisation was the most important tool in differentia-
tion process. Although LGE images were extremely valu-
able, when we combined them with mapping techniques 
(T1 native and ECV), completely upgraded our diagnostic 
confidence. So, we would like to focus attention on inte-
gration of multiparametric mapping on diagnostic work-
flow, especially when cases with LVH are studied.
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Splenic Sarcoidosis revealed during CMR. The 
unexpected!
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Topic Special Focus

Purpose/Objectives Sarcoidosis is a multi-systematic 
inflammatory disease, affecting not only the lungs. During 
CMR studies splenic lesions can be detected incidentally. 
The aim of our study is to highlight the features of splenic 
sarcoidosis, revealed to us during Cardiac Magnetic Reso-
nance studies (CMR), providing a differentiation assistance 
for feature use.
Methods and Materials We reviewed 120 patients scanned 
in our MRI Unit during the last two year, as referrals for 
CMR scans, in the presence of known lung sarcoidosis to 
determine the possibility of cardiac involvement. We focus 
our research only in those with splenic lesions, and we were 
able to detect 6 patients with distinct splenic features. All 
patients underwent a CMR examination using a 3 T MRI 
scanner Achieva (Philips Medical Systems, Best, The 
Netherlands). Protocol included cine imaging; T2 mapping 
(T2-GraSE); T1 maps, native and late gadolinium enhanced 
(15 min post Gd), using modified Look-Locker Inversion 
recovery (MOLLI) sequence; and an ECG triggered phase 
sensitive inversion recovery (PSIR) (IR value selected after 
Look-Locker acquisition) 10 min after the gadolinium injec-
tion. Image analysis was performed using commercially 
available clinical CMR software CVI 42 (Circle Cardiovas-
cular Imaging, Calgary, Canada).
Results Described splenic involvement in sarcoidosis, usu-
ally presents as either splenomegaly or rarer as multiple 
focal splenic lesions. Patients can be asymptomatic, or they 
can present with systemic symptoms. The distinctive pattern 
that we acknowledge, was the presence of multiple nodular 

lesions with low signal intensity in T2W and STIR images. 
Hyperenhancement was noticed in post contrast delayed 
enhancement images (PSIR), either with ring-like, or with 
complete enhancement of the nodule. Time were higher on 
nodules compering to the rest splenic parenchyma on T1 
native map. ECV map highlighted normal values on splenic 
parenchyma, with increased values only on nodules. Their 
size ranged from few mm to 2 cm. There was no correlation 
between dimensions of spleen and the presence of nodules. 
In one case we were also able to track down, the scan after 
one year of treatment, which highlighted the decreased size 
of nodules as well as their reduced number.
Conclusion We would like to present the poorly described, 
until now, characteristics on splenic sarcoidosis. This can 
be used as a differentiation tool, in future studies acquired 
during assessment of multiple focal lesions in splenic 
parenchyma.
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Findings
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Topic Imaging Technique

Purpose/Objectives Aortic injury represents a rare but 
potentially fatal complication of invasive coronary angi-
ography. This monocentric, retrospective, observational 
study evaluated early and follow-up CT imaging findings 
of patients with aortic root injury caused by interventional 
coronary procedures.
Methods and Materials We included patients who under-
went early and follow-up CT after aortic injury from 
invasive coronary intervention between January 2019 
and January 2021. All patients received non-contrast and 
contrast-enhanced electrocardiography-gated CT within 
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2 h of the intervention; follow-up CT was performed after 
2–8 days.
Results Five patients were included (median age 70 years, 
3 female). The most common injury after intervention was 
intramural hematoma (IMH) (4/5, 80%), followed by clas-
sic aortic dissection (1/5, 20%). In all patients with IMH, 
there was accumulation of hyperdense, undiluted contrast 
media in the wall of the aortic root from invasive angiogra-
phy. In the patient with classic aortic dissection layering of 
undiluted contrast media from invasive angiography in the 
false lumen was present. Aortic root injury was classified 
as Dunning type I in 20%, type II in 20%, type III in 60%, 
and Sueyoshi category III in 20% of patients. Follow-up 
CT showed complete resolution of contrast media accumu-
lation in all four patients under conservative management. 
The patient with aortic dissection underwent emergency 
replacement of the ascending aorta.
Conclusion CT of iatrogenic aortic root injury from 
invasive coronary intervention showed in the majority of 
patients a variant IMH with accumulation of undiluted, 
hyperdense contrast media in the wall of the aortic root, 
showing favorable short-term outcome.
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Purpose/Objectives Transthoracic echocardiography 
(TTE) has become the diagnostic standard for evaluat-
ing aortic stenosis (AS) severity, mainly because of its 
advantages in comparison to the gold standard of cardiac 
catheterization. However, its inaccuracies in determining 
stroke volume (SV) and consequentially computing aortic 
valve area (AVA) call for a more precise and dependable 
method. Phase contrast cardiovascular magnetic reso-
nance imaging (PC-CMR) is an aspiring tool to push these 
boundaries. The aim of this study was to validate a novel 
and simple approach based on PC-CMR against the inva-
sive and echocardiographic determination of SV and AVA 
in patients with moderate and severe AS.
Methods and Materials A total of 50 patients with mod-
erate or severe AS underwent TTE, cardiac catheterization 
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and CMR; AVA by PC-CMR was determined via plotting 
momentary flow across the valve against momentary flow 
velocity. SV via CMR was measured directly via PC-CMR 
and volumetrically using cine images. Invasive SV and 
AVA were determined via Fick principle and Gorlin for-
mula, respectively. TTE yielded SV and AVA using the 
continuity equation. Finally, gradients were calculated via 
the modified Bernoulli equation.
Results SV by PC-CMR showed a strong correlation with 
cine-CMR with no significant bias (r: 0.730, p < 0.001; SV 
by PC-CMR: 85 ± 31 ml; SV by cine-CMR: 85 ± 19 ml, 
p = 0.829). Peak gradients determined by PC-CMR were 
65 ± 29  mmHg and correlated inversely with AVA by 
PC-CMR (r: -0.371; p = 0.008). Mean AVA during the 
whole systolic phase showed a moderate correlation 
(r: 0.544, p < 0.001) to invasive AVA with a small bias 
(AVA by CMR: 0.78 ± 0.25cm2 versus invasive AVA: 
0.70 ± 0.23cm2, bias: 0.08cm2, p = 0.017). Inter-methodi-
cal correlation and bias of AVA as measured by TTE and 
invasive AVA (AVA by TTE: 0.81 ± 0.23cm2, r: 0.580, 
p < 0.001, bias 0.11cm2, p < 0.001) were similar to AVA 
by PC-CMR and invasive AVA. Intra- and interobserver 
reproducibility were excellent for AVA (intraclass-corre-
lation-coefficients of 0.939 and 0.827, respectively).
Conclusion PC-CMR provides a great option to yield reli-
able and solid SV values in patients with moderate and 
severe AS. Furthermore, continuous determination of flow 
volumes and flow velocities is able to determine AVA in 
these patients in an easy and reproducible manner. Our novel 
approach shines a light on the diagnostic potential of PC-
CMR for non-invasive AS grading, especially in cases where 
echocardiography reaches its limits and where clinical find-
ings appear inconclusive.
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Purpose/Objectives In patients with first ST-elevation 
myocardial infarction (STEMI), the evolution of myocar-
dial tissue injury parameters over a decade as assessed 

by cardiac magnetic resonance (CMR) has not yet been 
described. This study examined long-term myocardial tis-
sue injury dynamics in STEMI patients treated with pri-
mary percutaneous coronary intervention (PCI), as well as 
its association with patient characteristics.
Methods and Materials Sequential CMR studies (after 
3 days [interquartile ranges (IQR) 2–4], 4 months (m) 
[IQR 4–5] and 9 years (y) [IQR 8–10]) were conducted 
in a total of 104 STEMI patients to assess left ventricular 
(LV) dimensions and function, infarct size and microvas-
cular obstruction (MVO). T2* mapping was added at 9y 
scan to assess the presence of iron within the infarct core.
Results Infarct size decreased progressively from 13.3% 
of LV myocardial mass [IQR 6.5–20.5] to 10.2% [IQR 
5.2–16.1] to 7.7% [IQR 2.4–12.2] (all p < 0.001), with an 
average reduction rate of 6.3% per year [IQR 3.7–9] and 
a relative reduction of 43% [IQR 18–66] over a decade. 
MVO was present in 60% (60/104) of patients at baseline, 
but in none of the follow-up examinations. Sixteen patients 
(16/76, 21%) had persistent iron within the infarct core 
at 9y CMR. Persistent iron was associated to a younger 
patient age (p = 0.022), greater infarct size on any occa-
sion (all p < 0.01) as well as presence of MVO (p < 0.002). 
Patients with persistent iron showed a lower relative 
regression of infarct size (34% [IQR 24–49] versus 53% 
[IQR 22–70], p = 0.037) over a decade and greater end-
systolic volumes on any occasion (all p < 0.035).
Conclusion The involution of infarct size is a dynamic 
process that extends well beyond the first few months after 
STEMI. While MVO vanishes in the first few weeks, per-
sistence of infarct iron occurs up to a decade after reper-
fused STEMI and is associated with initial infarct severity 
and worse infarct healing.
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Purpose/Objectives Pulmonary transit time (pTT) may 
serve as surrogate parameter for cardiopulmonary haemo-
dynamics and has been linked to heart failure. However, 
cardiac magnetic resonance (CMR) data on pTT and its 
associates with clinical outcome after ST-elevation myo-
cardial infarction (STEMI) are lacking so far. We aimed 
to investigate the prognostic value of pTT determined by 
CMR in patients suffering from acute STEMI.
Methods and Materials Comprehensive CMR examina-
tions were performed in 207 patients 3 (interquartile range 
(IQR) 2–4) days and 4 (IQR 4–5) months after reperfused 
STEMI for determination of functional parameters and 
infarct characteristics. PTT was measured as time between 
the peaks of time-intensity curves of gadolinium contrast 
to pass from the right ventricle (RV) to the left ventricle 
(LV) in first pass perfusion imaging. Primary endpoint was 

the occurrence of major adverse cardiac events (MACE) 
defined as composite of death, re-infarction and conges-
tive heart failure.
Results PTT decreased significantly between baseline and 
4-month CMR scan (8.6 (IQR 7.5–9.6) seconds (sec) to 7.8 
(IQR 7–8.7) sec, p < 0.001). According to Cox-regression 
(“functional model”), baseline pTT (hazard ratio [HR] 1.58, 
95% confidence interval [CI] 1.12–2.22; p = 0.009) remained 
significantly associated to the occurrence of MACE after 
adjustment for LV ejection fraction (LVEF) and cardiac 
index. According to Cox-regression (“tissue model”), base-
line pTT (HR 1.46, 95% CI 1.02–2.10, p = 0.039) as well 
as extent of microvascular obstruction (HR 1.20, 95% CI 
1.09–1.32, p = 0.001) remained significantly associated to 
MACE after adjustment for infarct size. In Kaplan–Meier 
analysis, pTT ≥ 9.6 s (best cut-off) was associated with 
MACE (p < 0.001). Addition of pTT to LVEF resulted in a 
categorical net reclassification improvement of 0.73 (95% 
CI 0.27–1.20, p = 0.002) and integrated discrimination 
improvement of 0.07 (95% CI 0.02–0.13, p = 0.007).
Conclusion Following reperfused STEMI, CMR derived 
pTT predicts hard clinical events independent of infarct 
size and LV systolic function. Moreover, pTT provides 
additional prognostic value over LVEF alone.
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Purpose/Objectives The aims of our pilot study were to 
evaluate the application of atrial, ventricular myocardial 
strain and tissue mapping in characterizing Takotsubo syn-
drome (TS).
Methods and Materials Two groups were retrospectively 
enrolled: patients with Takotsubo syndrome (n = 19) and 
healthy controls (n = 11). We assessed global and regional 
left ventricular function, including longitudinal (LS), cir-
cumferential (CS), and radial strain (RS) analysis. Reservoir, 
conduit, and booster bi-atrial functions were analyzed by 
CMR-FT. Tissue characterization by T1, T2 mapping, and 
LGE was performed as well to detect the possible presence 
of myocardial injuries.
Results LS was reduced in patients with TS compared to 
healthy controls. LS dysfunction was detected mainly at 
mid- and apical cavity (p = 0.001 for both). Again, basal RS 
was higher in TS patients compared to the control group. 
Regarding atrial strain, LA Reservoir strain (εs), LA Res-
ervoir strain rate (SRs), LA and RA Conduit strain(εe), LA 
and RA conduit strain rate (SRe) were impaired in com-
parison with controls (P < 0.001 for all of them). No other 
statistically significant differences in myocardial strain were 
detected. TS patients had higher global parametric map-
ping values, with greater involvement of apical segments 
(p = 0,001).
Conclusion Our study suggests that left ventricular, bi-atrial 
myocardial strain impairment and parametric mappings 
could help in refining the evaluation of TS patients.
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Purpose/Objectives The aims of our pilot study were to 
evaluate the application of atrial, ventricular myocardial 
strain and tissue mapping in characterizing acute myocar-
ditis (AM).
Methods and Materials Two groups were retrospectively 
enrolled: patients with acute myocarditis (n = 13) and 
healthy controls (n = 10). We assessed global and regional 
left ventricular function, including longitudinal (LS), cir-
cumferential (CS), and radial strain (RS) analysis. Regarding 
atrial function, reservoir, conduit, and booster bi-atrial func-
tions were analyzed by CMR-FT. Tissue characterization by 
T1, T2 mapping, and LGE was performed as well to detect 
the possible presence of myocardial injuries.
Results All global ventricular strain parameters were 
reduced in patients with AM compared to healthy subjects. 
LS dysfunction was detected from basal to apical cavity 
(p = 0,0001, p = 0,0001 and p = 0,03, respectively). Again, 
apical RS and CS was lower in AM patients compared to 
the control group (p = 0,018 and p = 0,005, respectively). No 
other statistically significant differences in myocardial strain 
were detected. Moreover, AM patients showed an impaired 
LA Reservoir strain (εs), and RA Reservoir strain (εs), in 
comparison with controls (p = 0,04 and p = 0,02), while no 
differences were found as to others bi-atrial strain param-
eters. AM patients had higher global T2 values (p = 0,03), 
with higher regional values involving all left ventricle 
(p = 0,01, p = 0,04 and p = 0,03 from basal to apical seg-
ments). Global LS and apical CS proved to have an excellent 
performance in differentiating AM patients from controls 
(AUCs of 0.96 and 0.82, respectively).
Conclusion Our study suggests that left ventricular, bi-atrial 
myocardial strain impairment and parametric mappings 
could help in refining the evaluation of AM patients.
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Purpose/Objectives The exact pathophysiology of Takot-
subo syndrome (TS) is not completely known, and the dias-
tolic function is still an open issue. Pulmonary transit time 
(PTT) has been proposed as a useful marker for the evalu-
ation of diastolic impairment. The aims of our pilot study 
were to evaluate the pulmonary transit time (PTT) by cardiac 
magnetic resonance (CRM) as a marker of diastolic dysfunc-
tion in Takotsubo syndrome (TS).
Methods and Materials Two groups were retrospectively 
enrolled: patients with TS (n = 22, age 68,95 ± 9,2, females 
90%) and healthy controls (n = 12, age 47,33 ± 20,2, females 
70%). We assessed PTT by cardiac magnetic resonance 
(CMR). PTT has been calculated as the number of cardiac 
cycles, required for a bolus of contrast agents to move from 
right ventricle (RV) to left ventricle (LV).
Results In comparison with healthy subjects, TS patients 
showed significantly higher PPT (8,7 s ± 2,2 vs 5,25 s ± 1,8, 
p = 0,001).In a multivariate analysis, there was a statistically 
significant difference between TS and controls regarding 
PPT after controlling for gender and age. PPT proved to 
have an excellent performance in differentiating TS patients 
from controls (AUCs of 0.90).
Conclusion PPT assessed by first-pass CMR is a potential 
marker for assessment left ventricle diastolic dysfunction in 
patients with TS.
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Purpose/Objectives The aim of the study was to assess the 
usefulness of measuring epicardial adipose tissue thickness 
as a predictor of the severity of coronary artery disease 
(CAD).
Methods and Materials The study included 71 patients 
from cardiovascular outpatient clinics, who were referred 
based on the cardiovascular risk assessment and the diag-
nostics performed so far for a 128-row computed tomog-
raphy angiography of the coronary arteries (coroCT) (age: 
54.19 ± 9.74 years). The epicardial adipose tissue thickness 
(EATT) and the coronary artery disease severity were deter-
mined based on the coroCT images in all the patients. EATT 
was measured based on a multiplanar reconstruction, in the 
short axis of the left ventricle, at the level of the mid-ven-
tricular layers, in the middle of the free wall of the right ven-
tricle. The coronary artery disease severity was determined 
based on the CAD-RADS, where 0—documented absence 
of CAD, and 5—occlusion of at least one coronary branch.
Results Mmean EATT value measured was 8.84 ± 3.02 mm. 
Based on CAD-RADS, 45.1% of the study group had doc-
umented absence of CAD (CAD-RADS 0, no stenosis), 
25.3%- minimal CAD (CAD-RADS 1, 1–24% stenosis), 
15.5%- mild CAD (CAD-RADS 2, 25–49% stenosis), 
7.0%-moderate CAD (CAD-RADS 3, 50–69% stenosis), 
5.6%- severe CAD (CAD-RADS 4, stenosis 70–99%), and 
1.4%- coronary artery occlusion (CAD-RADS 5, 100% ste-
nosis). Subgroup with documented absence of CAD (CAD-
RADS 0) had statistically significantly lower EATT than 
subgroup with coronary lesions (CAD-RADS 1–5). Correla-
tion analysis showed the statistically significant positive cor-
relation between EATT and CAD-RADS (r = 0.25). Based 
on the ROC curve, the EATT value was determined, which 
is the optimal cut-off point for the prediction of documented 
absence of CAD in the study group of patients (CAD-RADS 
0), amounting to 9.6 mm. The sensitivity, specificity, and 
accuracy of EATT < 9.6 mm as a CAD-RADS 0 predictor 
were 0.514, 0.800, and 0.642, respectively.
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Conclusion A coroCT epicardial adipose tissue thickness 
of less than 9.6 mm may be a good predictor of documented 
absence of coronary artery disease.
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Purpose/Objectives Coronary pseudoaneurysm (CA) is 
an uncommon but potentially life-threatening complication 
with an incidence of 0.2%-2.3% after drug-eluting stent 
(DES) implantation. More recently, with the increasing use 
of drug-eluting stents (DESs), there are growing reports 
signifying stents causing coronary aneurysms, months or 
even years after the intervention. Dilatation may be either 
focal or diffuse, and aneurysms are classified as either fusi-
form (longitudinal dimension > transverse dimension) or 
saccular (transverse dimension > longitudinal dimension) 
in morphology.
Methods and Materials The pathophysiology of CA still 
remains unclear but is perceived to be identical to that for 
aneurysms of larger vessels, destruction of arterial media, 
thinning of the arterial wall, increased wall stress, and pro-
gressive dilatation of the coronary artery segment. Several 
features unique to DES have been proposed to contribute 
to the formation of CA after implantation. Type I DES-CA 
occur immediately (within one month) of stent placement. 
Pathophysiology is similar to that seen in early reports 
involving BMS with arterial injury from mechanical factors 
such as stretching, stent fracture, dissection, haematoma. 
Type II DES-CA occurs sub-acutely (6–9 months) and is 

secondary to arterial wall response to the DES. Type III 
DESCA refers to infectious mycotic-aneurysms. Both siroli-
mus and paclitaxel are potent anti-mitotic agents which 
inhibit cell-cycle progression and thereby inhibit neointimal 
hyperplasia. However, it is this same antiproliferative effect 
which has been proposed as increasing the risk of CA.
Results Coronary angiography remains the gold standard 
tool as it provides information about the shape, size, loca-
tion, and coexisting anomalies such as CAD, and is also use-
ful for setting up the strategy of surgical resection. Among 
noninvasive modalities, coronary CT is an alternative to 
invasive coronary angiography that can be suggested as a 
technique of choice due to the high anatomical definition, 
plays an important role in the follow-up of patients with CA 
because of improvements in terms of radiation dose with the 
current protocols.
Conclusion Discrimination between true aneurysm and 
pseudoaneurysm and the detection of the aneurysm entry 
site are important for optimal management and coronary 
CT proved to be an accurate non-invasive tool. There is no 
standard therapy for coronary aneurysms but coronary CT 
improves the treatment planning.
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Purpose/Objectives To design a contrast media (CM) injec-
tion protocol for high-pitch CT angiography of the thora-
coabdominal aorta on a peristaltic injector system using 
weight-based CM dilution and a double-level test bolus 
for calculation of CM volume and scan delay. To analyze 
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the overall and intraindividual image quality of the new 
protocol.
Methods and Materials 50 patients underwent an 80-kV 
ECG-gated high-pitch CT angiography of the thoracoab-
dominal aorta (70 ± 11 years). CM volume, injection dura-
tion and scan delay were tailored on a peristaltic injector 
system according to the results of a double-level test bolus. 
Iohexol 350 mgI/ml was diluted for groups M (175 mgI/
ml, 50–75 kg, n = 19), L (233 mgI/ml, 76–100 kg, n = 24) 
and XL (350 mgI/ml, > 100 kg, n = 7). Weight, height and 
dose-length product (DLP) were recorded for each patient. 
Attenuation, coefficients of variation (CV) and signal-to-
noise ratio (SNR) were obtained in the superior vena cava 
(SVC), main pulmonary artery (MPA), five aortic locations 
and femoral arteries. ANOVA and t-tests were used to check 
to compare attenuation among vessels and to analyze homo-
geneity of attenuation and SNR across aortic locations and 
among weight groups. Automatically-rendered volumetric 
images were reviewed and incomplete aortic visualization 
due to interposition of enhanced vessels was scored on a 
semiquantitative scale.
Results Mean weight and DLP were 83 ± 18  kg and 
175 ± 18  mGy*cm, respectively. Mean peak circula-
tion time, iodine delivery rate, CM volume and Iodine 
amount were 11 ± 5 s, 11 ± 1.1 mg I/kg/s, 47 ± 15 ml and 
16.4 ± 5.2 g, respectively. Overall, mean aortic attenu-
ation was 396 ± 88 HU (> 250 HU in 98% of patients), 
higher than in the SVC and MPA (184 ± 98 and 144 ± 125 
HU, respectively; p < 0.001). Intrapatient aortic attenua-
tion showed a non-significant 8% CV (p = 0.07). Group 
L showed higher attenuation than group M (426 ± 95 HU 
versus 345 ± 55 HU, respectively; p = 0.001) but similar 
SNR (26.1 ± 6.2 versus 24.4 ± 5.4, respectively; p = 0.35). 
Complete aortic visualization in volume-rendered images 
was achieved in 92% of patients.
Conclusion A mean aortic attenuation of 396 ± 88 HU 
with no significant intrapatient variation across aortic 
locations was achieved at 80-kV ECG-gated high-pitch 
aortic CT angiography in a standard European popula-
tion after an individually tailored CM injection using a 
peristaltic injector system. Complete aortic visualiza-
tion without obstructing vessels or organs was achieved 
in automatically-rendered volumetric images of 92% of 
patients. Mean CM volume and DLP were consistently low 
(47 ± 15 ml and 175 ± 18 mGy*cm, respectively).
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Purpose/Objectives Computed tomography coronary 
angiography (CCTA) is central to many diagnostic strate-
gies for suspected coronary artery disease (1). However, 
radiation exposure remains an important concern in car-
diovascular imaging due to the potential lifetime risks of 
cancer (2). In Scottish Computed Tomography of the Heart 
(SCOT-HEART) trial, patients with suspected angina due 
to coronary artery disease were randomised to undergo 
either standard care or standard care plus CT. We showed 
that management based on CCTA altered the use of subse-
quent investigations and preventative medications, and led to 
improved patient outcomes (3, 4). After five years, the use of 
invasive coronary angiography (ICA) and revascularisation 
was similar between CT and standard care groups (4). How-
ever, the long-term cumulative radiation exposure in this 
population has not been assessed. This study aims to assess 
the five-year cumulative radiation dose from cardiac imaging 
for patients randomised to CT or standard care groups of the 
SCOT-HEART trial.
Methods and Materials We included 2894 patients from the 
SCOT-HEART trial (1466 standard care, 1428 CT group) 
from 6 recruiting centres where information on radiation 
doses was available. Radiation doses were assessed from CT 
(dose length product, DLP), single photon emission tomog-
raphy (SPECT; megabecquerel, MBq, of injected activity) 
and invasive coronary angiography (ICA; dose area product, 
DAP). Effective radiation dose for CT was calculated from 
DLP using the currently recommended conversion factor 
(0.014 mSv/mGy.cm) and a conversion factor for cardiac 

CT (0.026 mSv/mGy.cm) (5). This included follow-up imag-
ing to assess incidental lung nodules picked up on scans, 
recommended for 7.6% of trial patients (6). SPECT effective 
radiation dose was calculated by multiplying by a conver-
sion factor (0.0073 mSv/MBq for rest SPECT, 0.0065 mSv/
MBq for stress SPECT) and invasive coronary angiography 
from DAP using the 0.0024 mSv/cGy.cm2 conversion factor.
Results Mean age was 57 ± 10 years and 57% were male. 
Median DLP for calcium score was 116 [IQR 99, 126] 
mGycm and CCTA was 158 [100, 234] mGycm. Median 
injected activity was 699 [639, 765] MBq for rest and 
627 [346, 712] MBq for stress SPECT. Median DAP was 
1869 [1291, 2801] cCycm2 for diagnostic ICA and 4242 
[2940, 6297] cCycm2 for intervention. After 5 years, cumu-
lative dose was lower in the standard care (0.0 [0.0, 6.6] 
mSv) compared to the CT group (4.5 [3.0, 8.3] mSv using 
0.014 mSv/mGy.cm; 8.0 [5.5, 12.7] mSv using 0.026 mSv/
mGy.cm; p < 0.001). No imaging was performed in 9% in the 
CT group and 63% in the standard care group. For patients 
undergoing imaging, cumulative dose was higher in the 
standard care (8.6 [5.1, 11.6] mSv) than the CT group (4.8 
[3.3 to 9.1] mSv using 0.014 mSv/mGy.cm; 8.5 [6.1, 13.4] 
mSv using 0.026 mSv/mGy.cm; p < 0.001).
Conclusion In this study we assessed cumulative radiation 
dose triggered by clinic attendance for suspected angina due 
to coronary heart disease. This included cardiac CT, nuclear 
perfusion, invasive coronary angiography, and CT for lung 
nodule follow-up. Overall, the 5-year cumulative radiation 
dose was low in both groups. When assessing all patients, 
total radiation dose was higher in the CT group compared 
to the standard care group, with this difference primarily 
due to the radiation dose of cardiac CT. However, when 
considering those who underwent imaging (91% in the CT 
group, 37% in the standard care group), radiation dose was 
lower in the CT group compared to the standard care group. 
Nevertheless, it must be remembered that the CT group had 
significantly improved outcomes, with a 50% reduction in 
fatal or non-fatal myocardial infarction. Therefore, a diag-
nostic strategy based on CT is a valuable option for patients 
presenting with stable chest pain.
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Topic Imaging Technique

Purpose/Objectives TAVI Planning requires important 
information and CT is used to help determine aortic annu-
lus size, to guide selection of appropriate valve, provide 
dimensions of the entire aorta and give guidance for valve 
deployment. This requires accurate and time-consuming 
manual measurements performed by experienced opera-
tors. Semi-automatic software can aid the CT reconstruc-
tions reducing the time needed for multiple measurements 
assessment and improving measurements reproducibility. 
Aim of this study is to compare manual and semi-auto-
matic measurements for aortic annulus assessment in 
terms of accuracy, agreement and time among different 
operators with different experience in cardiovascular CT 
reconstruction.
Methods and Materials 80 patients that underwent suc-
cessful TAVI with pre procedural CT were retrospectively 
evaluated from our internal database. These patients 
related measurements previously manually performed by 
an experienced reader (> 12 years of experience in car-
diovascular CT) for aortic annulus dimensions (minimum 
and maximum diameters, perimeter, area), distance from 
the annulus to the coronary ostia and the time needed for 
the whole evaluation, were collected and considered as 
standard reference because confirmed by the final proce-
dure. The same operator (observer 1) assessed the same 
measurements in the same patients using a semi-automatic 
software. The same measurements were performed by 
two less experienced readers (observer 2 and observer 
3, with > 5 years and 1 year of experience respectively) 
blinded to each other’s results. Differences between man-
ual and semi-automatic measurements and the reading 
time were compared. The suggested valves size derived by 
CT area were compared with the implanted prosthesis size.
Results Very good correlations were found between man-
ual and software aided measurements for aortic annulus 
area and perimeter for the 3 readers (k = 0.98, 0.9 and 0.84 
respectively). Good correlations were also found for the 
distance with coronary ostia. Good correlation for Intra 
observer annulus measurements were found (k range 
0.68–0.0.92). The same area-derived prosthesis size for 
manual and semi-automatic measurements was selected 
in 96% of cases for observer 1. Very good correlations 
were found in area-derived prosthesis also for observer 2 
and 3. The mean time needed for CT images reconstruc-
tion using manual measurements was recorded as 3.1 min. 
Using semi-automatic measurements time recorded was 
significantly lower for observer 1 and 2 (1.5 and 1.7 min 
respectively) and slightly lower for observer 3 (2.9 min).
Conclusion Pre-TAVI CT using semi-automatic software 
allows accurate and reproducible measurements, reduc-
ing the time needed for reconstructions up to 50% in 

comparison with the standard reformat-tool. Furthermore, 
semi-automatic software is feasible even for operators with 
varying degrees of experience.
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stratification

Topic Procedure

Purpose/Objectives To develop Deep Neural Networks 
(DNN) for detecting cardiomegaly in chest x-ray images 
of patients prior and post cardiac surgery for faster clinical 
decisions in the setting of intensive care units. DNNs might 
help to support the diagnosis of heart failure by an integrated 
analysis of chest X-ray images and other clinical features 
(e.g. age, echocardiography results).
Methods and Materials This single center retrospective 
analysis consecutively included 129 patients (29 female and 
100 male; mean age 65.5 ± 11.9 years, range 27–87 years), 
who had chest radiography examinations prior and after car-
diac surgery. Two radiologists verified and relabeled a total 
of 52 "normal" and 77 "cardiomegaly" images. Among the 
“cardiomegaly" images were 57 male (44.1%) and 20 female 
(15.5%) patients labeled. For “normal” 43 male (33.3%) and 
9 female (7.1%) patients were labeled. “Cardiomegaly” was 
defined by a cardiothoracic ratio > 0.55. As gold standard 
every patient received echocardiography and all patients 
underwent chest-x ray for follow-up.
Results For analysis two different DNN architectures 
(VGG16 and VGG19) with three different approaches were 
used. The best performing model (VGGXX Chest Xray 

Model Cardiomegaly Data Augmentation) incorporated 
additional data (cardiomegaly y/n).
Sensitivity/ Specificity/ were 92.4 and 71.1% (VGG16). 
Focussed data augmentation (cardiomegaly yes/no) was 
superior to mere data augmentation or training restricted to 
mere own data. F1-score, prediction and recall were signifi-
cantly improved compared to unfocussed data augmentation 
or standard data.
Conclusion Deep learning shows a high promise to 
improved diagnosis of heart failure on the basis of chest 
X-ray images in the setting of ICU imaging. Data aug-
mentation seems to be promising approaches. Inclusion of 
additional data (echocardiography) might further improve 
detection rates.
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Topic Imaging Technique

Purpose/Objectives Recent studies have shown that the 
coronary artery calcium (CAC) score can be improved by 
addition of CAC distribution, which is especially relevant 
in Agatston score 1–300.(1–3) Scoring of CAC is a highly 
repetitive and labour intensive task for radiologists. Work-
load is expected to increase drastically in case of popula-
tion based screening. However, determining the number 
of affected vessels can be automated with the help of a 
deep learning based algorithm. Nevertheless, so far CAC 

distribution has not been taken into account in population 
based cardiovascular screening. The aim of this study was to 
compare automatic CAC distribution with manual assessed 
distribution and risk categorization in the Dutch population-
based cardiovascular screening trial (ROBINSCA).
Methods and Materials In total, 997 Robinsca participants 
(asymptomatic men (45–74 years), women (55–74 years) 
with an expected high risk for developing CHD) were 
included who were prospectively screened with ECG-
triggered non-contrast dual-source CT (Somatom Flash, 
Siemens Healthineers, Germany) between December 2015 
and June 2016, and informed consent was obtained from all 
participants.(4–6) The Agatston score and CAC distribu-
tion by means of the number of affected coronary arteries 
were determined with semi-automatic software manually 
(Syngo.via CaSc version VB10A, Siemens, Germany) and 
fully automatic by deep learning based AI software (AVIEW 
CAC, v1.0, Coreline Soft, Seoul, Korea). Agatston score 
based risk categorization(0, 1–100, 101–399, ≥ 400) was 
performed, and AI CAC distribution was analyzed per risk 
category. Spearman’s correlation coefficients were calcu-
lated to determine relation between number of affected arter-
ies (based on AI) and age, (manual) calcium score, (manual) 
risk categories. Distribution was compared between AI and 
manual based assessment using Wilcoxon signed rank test.
Results In total 59.6% (594) of the 997 participants (mean 
age 61.0 (SD 7.4), 54.4% male) had a positive Agatston 
score. A slightly higher number of vessels were affected 
based on deep learning assessment (median: 1, mean: 1.57) 
compared to manual assessment (median:1 mean:1.30) 
(p < 0.001). The number of affected arteries (based on AI) 
increased significantly for increasing age (rho = 0.255), 
increasing calcium score (ρ = 0.878) and higher risk cat-
egories (rho = 0.853) (p < 0.001). The probability of having 
a calcium score of ≥ 100 for participants with 0,1,2,3 or 4 
vessels affected (based on AI) was 0%, 4%, 17.8%, 49.7% 
and 83.0% respectively. Whereas the probability of having 
a 0-score for participants with 0,1,2 3 or 4, vessels affected 
(based on AI) was 94.9%, 37.8%, 6.5% 0% and 0% respec-
tively. Most heterogeneity in CAC risk group and CAC dis-
tribution, was seen for CAC score of 1–400.
Conclusion The number of affected vessels based on AI 
shows a high correlation with manually assessed calcium 
score and risk categorization. A considerable percentage of 
participants with 1 or 2 affected vessels are at high CVD risk 
category, but also a considerable percentage had a 0-score. 
Therefore, CAC distribution may be used in addition to 
CAC calcium score in a cardiovascular screening setting. 
This CAC distribution will be most relevant in participants 
with CAC score between 1–400 to further improve risk 
stratification.
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Topic Imaging Technique

Purpose/Objectives Diagnostic tests for patients with 
suspected or known coronary artery disease include both 
invasive and non-invasive methods. These have been investi-
gated extensively for diagnostic accuracy and clinical utility, 
but little is known about patient experience or preference. 
Understanding patient experience is crucial for improved 

patient counselling, patient satisfaction, investigation 
uptake and widespread acceptance of imaging techniques 
in clinical practice. A small number of previous studies 
have assessed patient preference in cardiac imagining. In 
anatomical imaging, computed tomography (CT) coronary 
angiography (CCTA) was preferred to magnetic resonance 
(MRI) angiography [1]. In a small study of perfusion imag-
ing, CT perfusion (CTP) was preferred to MRI perfusion, 
single photon emission tomography (SPECT), and invasive 
coronary angiography (ICA) [2]. No studies have assessed 
patient experience of cardiac positron emission tomography 
(PET). Therefore, this study aims to assess patient experi-
ence of stress perfusion CT, MRI, oxygen-15 water PET, and 
ICA with fractional flow reserve (FFR).
Methods and Materials Patients with suspected or known 
coronary artery disease who were awaiting ICA were 
recruited. All patients underwent a comprehensive cardiac 
CT protocol including calcium score, CCTA, adenosine 
stress CTP and viability. A subset of patients underwent 
adenosine stress cardiac MRI perfusion and adenosine stress 
oxygen-15 water PET. ICA was performed with FFR assess-
ment for major epicardial vessels with stenosis > 50%, where 
technically possible [3]. After each imaging test, patients 
were asked to complete a self-administered questionnaire. 
The questionnaire asked patients to rate their concern, com-
fort, helplessness, and overall test satisfaction on a 5-point 
Likert scale. Patients reported pain during and after investi-
gations was on a visual analogue scale. Overall preference 
was documented as well as free text information on their 
experience. Statistical analysis was performed on IBM SPSS 
V26. Two-tailed P values of < 0.05 were considered signifi-
cant and displayed as *p < 0.05, **p < 0.01, ***p < 0.001 
on the Figures.
Results 48 patients (mean age 63 ± 8, 81% male) underwent 
CT and of these 44 had ICA, 30 MRI and 22 PET. Patients 
reported less concern prior to CT compared to ICA, MRI or 
PET (p < 0.01, Fig. 1) and less helpless during CT and PET 
compared to ICA and MRI (p < 0.05, Fig. 2). Pain experi-
enced during procedure was similar for all investigations 
(p > 0.05, Fig. 3). However, post-procedure pain was greater 
with ICA than CT or MRI (p < 0.001, Fig. 3). Patients with 
coronary artery disease on CT experienced more pain dur-
ing all imagining modalities compared to patients without 
(p < 0.05 for all). Comfort, overall satisfaction, and willing-
ness to undergo each investigation again in the future were 
highly rated for all imaging modalities. Of patients indicat-
ing a preference, 58% preferred CT followed by 29% ICA 
and 10% MRI (Fig. 4). Reasons highlighted for this included 
the non-invasive, non-claustrophobic, fast and comfortable 
nature of CT.
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Conclusion In this study we found that during investi-
gation for coronary artery disease, patients report a high 
degree of satisfaction, comfort and willingness to undergo 
each test again in the future for all imaging modalities. 
Patients experience less concern and helplessness during 
non-invasive imaging and more concern and pain post-
procedure with ICA. The preferred imaging modality was 
CT, followed by ICA and then MRI. This information will 
be helpful for discussions between patients and physicians 
regarding choice of imaging tests for coronary artery dis-
ease and enable improvements in patient satisfaction, 
autonomy and investigation uptake.
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Topic Special Focus

Purpose/Objectives Cardiac sarcoidosis is associated with 
high mortality. Therefore, early diagnosis and treatment can 
improve the prognosis of the disease. The goal of this study 
was to assess the diagnostic value of cardiac magnetic reso-
nance (CMR)-derived parameters in patients with suspected 
cardiac sarcoidosis, and to compare the results to the stand-
ard values obtained from healthy probands.

Methods and Materials CMR examinations of 37 patients 
with biopsy-proven sarcoidosis were retrospectively evalu-
ated and the results were compared to the normal values 
obtained from 24 healthy controls. Presence or absence of 
late gadolinium enhancement (LGE), left ventricular (LV) 
and right ventricular (RV) function were evaluated. Further-
more, strain analysis was performed by feature tracking.
Results RV ejection fraction (EF) was decreased within 
the normal range in patients with sarcoidosis (53 ± 8.5% 
vs 59 ± 4.6%, P = 0.0027), while tricuspid annular plane 
systolic excursion (TAPSE) was normal (21 ± 4.5 mm vs 
20 ± 3.3 mm, P = 0.25). Body surface area (BSA)-indexed 
RV end-diastolic volume and end-systolic volume (EDV 
and ESV) were significantly increased (85 ± 20 ml/m2 vs 
68 ± 13 ml/m2, P = 0.0006 and 40 ± 14 ml/m2 vs 28 ± 7 ml/
m2, P = 0.0002). Both BSA-indexed LV and RV stoke vol-
ume (SV) were increased, too (49 ± 9 ml/m2 vs 43 ± 7.6 ml/
m2, P = 0.008 and 44.7 ± 11 ml/m2 vs 39.5 ± 7.5 ml/m2, 
P = 0.049). 2D RV global circumferential strain (GCS) 
was decreased in patients with sarcoidosis (-7.96 ± 3.6 vs 
-9.7 ± 3, P = 0.049), while the other RV strain parameters 
(global radial und longitudinal strain) and all three LV 
strain parameters were comparable to healthy controls. 
Only in 7 patients (19%) LGE was detected.
Conclusion Out of the investigated parameters, RV 
function and 2D RV GCS were significantly decreased 
in patients with sarcoidosis. LV function and LV strain 
parameters were normal. RV function is an important 
parameter and strain analysis may have additional diag-
nostic value in detection of cardiac sarcoidosis.
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Topic Area of Interest

Purpose/Objectives To assess the radiodensity of epicar-
dial (EAT), subcutaneous (SAT) and visceral adipose tissue 
(VAT) before and after treatment with anthracyclines in a 
population of breast cancer (BC) patients, and in controls not 
treated with anthracyclines, to detect a potential role of EAT 
density as a biomarker of changes related to chemotherapy 
cardiotoxicity.
Methods and Materials We reviewed BC patients treated 
with anthracyclines who underwent CT before (CT-0) and 
after (CT-1) chemotherapy, and age- and sex-matched 

controls without BC who did not undergo any cardiotoxic 
treatment and underwent two CT examinations at compara-
ble intervals. On non-contrast scans, EAT was segmented 
contouring the pericardium and thresholding between -190 
and -30 Hounsfield Units (HU), and SAT and VAT with 
two regions of interest with a 15-mm diameter thresholded 
between -195 and -45 HU.
Results 32 female patients along with 32 matched controls 
were included. There were no differences in age (55 years, 
interquartile range [IQR] 48 − 68 years vs 55 years, IQR 
48 − 67 years, p = 0.439) and follow-up duration (31 months, 
IQR 20 − 53 months vs 27 months, IQR 13 − 43 months, 
p = 0.162) between patients and controls. Between CT-0 and 
CT-1, EAT density decreased in BC patients (from -66 HU, 
IQR -71 − -63 HU to -71 HU, IQR -75 − -66 HU, p = 0.003), 
while it did not vary in controls (from -64 HU, IQR -74 − -60 
HU to -67 HU, IQR -71 − -62 HU, p = 0.955). SAT den-
sity increased from CT-0 to CT-1 in BC patients (from -107 
HU, IQR -111 − -105 HU to -105 HU, IQR -110 − -100 HU, 
p = 0.014), whereas it did not change in controls (from -104 
HU, IQR -109 − -101 HU to -106 HU, IQR -109 − -102 HU, 
p = 0.477). VAT density did not vary in either BC patients 
or controls.
Conclusion EAT density appears to be influenced by anthra-
cycline treatment for BC, well-known for its cardiotoxic-
ity, shifting towards lower values indicative of a less active 
metabolism.
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Topic Area of Interest

Purpose/Objectives Multisystem inflammatory syndrome 
in adults (MIS-A) is a very rare but severe complication in 
adults infected with SARS-CoV-2. It’s pathophysiology is 
similar to a parallel multisystem inflammatory syndrome 
in children—MIS-C which is widely recognized because 
of dramatic illness in a previously healthy child that can 
affect the heart, gastrointestinal tract, skin, or brain—very 
similar to Kawasaki disease (1,2). Although it is difficult to 
differentiate a severe SARS-CoV-2 case from MIS-A, stud-
ies report of a dozen patients who were not on a continuum 
of severe COVID-19 but developed severe non-pulmonary 
manifestations without typical viral pneumonia, such as 
myocarditis (3). Since MIS-A is a rare but potentially life-
threatening complication of previous SARS-CoV-2 infec-
tion with scarce available clinical reports, we present our 
experience with cardiac MRI in two adult patients.
Methods and Materials Out of a few dozen COVID-19 
patients who underwent cardiac MRI at our institution, two 
male patients (Patient 1 26-year-old, Patient 2 40-years-
old) showed matching signs and symptoms and were iden-
tified as potential MIS-A patients. The examination was 
performed on a 1.5 T MRI scanner using our institution’s 
standard protocol for myocarditis that includes steady-state 
free precession (SSFP) cine imaging, T2-weighted short 
tau inversion recovery (STIR) imaging, pre-contrast T1 
and T2 mapping, post-contrast late gadolinium enhance-
ment (LGE) images after intravenous administration of 
gadobutrol (0,15 mmol/kg) and post-contrast T1 mapping 
in short- and long-axis views. We compared our results 
with limited results from available published case reports 
of this rare and new syndrome. To the best of our knowl-
edge, this is the first report of cardiac MRI in MIS-A 
patients.
Results Both patients were diagnosed with mild COVID-
19 few weeks before admission to the hospital with symp-
toms of fever, chest pain, fatigue, dyspnea and diarrhea. 
Laboratory findings revealed elevated inflammatory bio-
markers, high-sensitivity troponin I and NT-proBNP. 
Echocardiography showed dilated left ventricle (LV) with 
severe reduction of LV ejection fraction (EF). Cardiac 

MRI in the Patient 1 was performed a week after pulse 
steroid therapy, intravenous immunoglobulin and heart 
failure therapy had been started, and showed complete 
recovery of the LVEF, with slightly increased T1 and T2 
relaxation times, and no LGE (Image 1). In the Patient 2 
cardiac MRI was performed 2 days after admission to the 
intensive care unit, and showed dilated LV with LVEF of 
41%, severely prolonged T1 and T2 relaxation times and 
slight subepicardial LGE. Follow-up MRI performed after 
2 weeks of therapy showed normal LV size, function and 
T1/T2 relaxation times without any LGE (Image 2).
Conclusion One of life threatening MIS-A manifestations 
can be post-COVID-19 myocarditis, with rapid improve-
ment of cardiac function after prompt therapy. MRI char-
acteristic findings include prolonged myocardial T1 and 
T2 relaxation times, myocardial edema, while LGE can be, 
but is not neccessarily present. Clinicians and radiologists 
should be familiar with this rare syndrome and MRI is an 
efficient imaging choice to obtain important information 
for clinical decision-making.
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Topic Area of Interest

Purpose/Objectives To assess the myocardial status of 
pediatric patients who had COVID-19-related Multisystem 
Inflammatory Syndrome (MISC) at cardiac magnetic reso-
nance (CMR).
Methods and Materials We retrospectively reviewed 
pediatric patients with MISC who underwent echocardiog-
raphy at hospital admission and CMR at follow-up. A left 
ventricular (LV) ejection fraction (EF) < 45% at echocardi-
ography was considered reduced. LV indexed end-diastolic 

(EDVi), end-systolic (ESVi) volumes, stroke volume (SV) 
and EF were calculated from CMR. Moreover, we meas-
ured LV native and post-contrast T1 in a short axis (SA) 
view and in a 4-chamber (4CH) view, and we assessed LV 
global circumferential strain (GCS), global radial strain 
(GRS), and global longitudinal strain (GLS).
Results 25 patients were included, 6 (24%) of whom 
females, with a median age of 11 years (10 − 13 years). 
Nine (36%) patients had reduced EF at echocardiogra-
phy. The median interval between echocardiography and 
CMR was 38 days (26 − 52 days). At CMR LV EDVi was 
69 ml/m2 (65 − 74 ml/m2); LV ESVi 22 ml/m2(21 − 25 ml/
m2); LV SV 62 ml/m2 (54 − 74 ml/m2); LV EF 65 ml/
m2 (62 − 69 ml/m2). No patients had reduced LV EF at 
CMR. Median GCS was -19.21 (-20.53 − -17.05); median 
GRS was 32.78 (30.84 − 35.99); median GLS was -11.83 
(-12.69 − -10.97). Native T1 times were 997.38  ms 
(973.78 − 1040.17  ms) for the SA and 1016.35  ms 
(974.11 − 1068.04 ms) for 4CH, whereas post-contrast 
T1 times were 514.28  ms (495.42 − 544.44  ms) and 
509.26 ms (483.96 − 535.49 ms) in SA and 4CH meas-
urements respectively. Patients with reduced EF had 
increased LV EDVi (73 ml/m2 [71 − 78 ml/m2] vs 68.5 ml/
m2 [61 − 73.25  ml/m2], p = 0.015) and post-contrast 
T1 times (539.82 ms [499.01 − 564.48 ms] vs 499.705 
[480.11 − 533.94 ms] for SA, p = 0.025; and 535.49 ms 
[496.28 − 560.68 ms] vs 495.75 ms [482.99 − 526.7 ms] 
for 4CH measurements, p = 0.042).
Conclusion Over 35% of patients with MISC showed a 
transient reduced EF, that reverted to normal at follow-up. 
Increased EDVi and post-contrast T1 times at follow-up 
CMR in such patients may be early signs of myocardial 
remodeling.
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Purpose/Objectives Measurement of coronary artery cal-
cium (CAC) using Agatston score (AS) is widely used to 
predict the risk of acute coronary syndrome (ACS). How-
ever, many ACS victims have AS < 100, while many asymp-
tomatic subjects have AS > 400. We hypothesize that CT 
radiomics can distinguish the vulnerability of CAC in sub-
jects with similar AS.
Methods and Materials We retrospectively identified 85 
patients with ACS who had a CAC scan prior to revascu-
larization. We used 1:2 propensity score matching with tra-
ditional risk factors (age, sex, BMI, hypertension, diabetes, 
dyslipidemia, smoking, family history) and AS ranks to 
enroll 170 asymptomatic subjects. Radiomics texture fea-
tures were extracted using the LIFEx package. Generalized 
linear model and forward conditional logistic regression was 
used for analysis.
Results For per plaque analysis, lower coefficient of vari-
ance, lower median of HU, ?? skewness, and higher kurtosis 
of Hounsfield (HU) were all favored of ACS (p < 0.05 for 
all). Multivariable analysis showed that higher HU kurto-
sis (OR = 18.7, p < 0.001) and lower median HU per plaque 
(OR = 0.97, p < 0.001) are associated with ACS. In subgroup 
analysis, increased HU kurtosis (OR = 12.6, p < 0.001) and 
lower median HU (OR = 0.97, p = 0.004) remain associated 
with ACS among patients with AS > 100. Alternatively, 
among patients with AS <  = 100, higher HU kurtosis 
(OR = 271, p = 0.001) and lower AS per plaque (OR = 0.86, 
p = 0.023) are associated with increased risk of ACS.
Conclusion Radiomics of CAC plaque suggest that higher 
HU kurtosis and lower AS or median HU may distinguish 
the vulnerability of CAC plaques in subjects with the equiva-
lent risk of CAC burden and TRF.
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Purpose/Objectives Caseous calcification of mitral annu-
lus (CCMA) is a rare variant of calcification of the mitral 
valve annulus. Most patients are referred for cardiac CT/
MRI after echocardiography with a preliminary diagnosis 
of a cardiac tumor. In our clinic, we use MDCT to confirm 
the diagnosis of caseous calcification of the mitral annulus. 
The aim of the study was to describe the typical radiologi-
cal features in patients with caseous calcification of mitral 
annulus (CCMA).
Methods and Materials Calcification of the mitral valve 
annulus is a chronic degenerative process that occurs in 
the elderly, especially in women. Caseous calcification is 
a less well-known and rarely described pathology that is a 
relatively uncommon variant of mitral annulus calcifica-
tion. The prevalence of CCMA in the general population 
is about 0.068% and up to 1% in patients with calcification 
of the mitral annulus. As a rule, CCMA looks like an ovoid 
mass consisting of a mixture of calcium, fatty acids, cho-
lesterol located mainly in the posterior parts of the mitral 
annulus. The pathogenetic mechanism of CCMA has not 
yet been determined. CCMA is basically a benign process 
and is diagnosed as a incidental finding. Radiologists who 
are not familiar with this pathology can interpret it as a 
cardiac tumor, vegetation, or calcified thrombus – there-
fore the radiologist needs to be familiar with features of 
CCMA and careful differential diagnosis is required.
Results CCMA echocardiographically characterized 
as a large, rounded, mass-like calcification involving 
the mitral valve annulus, with well-defined margins, an 
echo-dense periphery, with a central echo-lucent region. 
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In most patients, caseous calcification is localized in the 
posterior parts of the mitral valve annulus, in about 25% 
of patients—in other segments of the mitral annulus—in 
the lateral part or all parts. On MDCT caseous calcifica-
tion appears as a rounded mass with clear margins with a 
hypo- or hyperdense center and a calcified peripheral rim. 
Characteristic features are clear margins, denser calcifica-
tion at the periphery, and lack of enhancement after con-
trast administration. Cardiac MRI can be used for differ-
ential diagnosis with other pathologies. On MRI, CCMA 
looks typical and has a hypointense signal on T1, T2, GE 
sequences. After intravenous administration of gadolin-
ium, most often, no contrast enhancement is observed. 
Occasionally, peripheral enhancement may appear during 
delayed post-contrast series.
Conclusion Caseous calcification of the mitral annulus is 
quite rare in clinical practice, therefore, knowledge of the 
typical radiological features is very important for the radiolo-
gist to be able to differentiate CCMA from a potentially dan-
gerous pathology (for example tumor, vegetation, abscess, 
thrombus etc.). Echocardiography is the primary imaging 
technique for CCMA. Multimodal imaging (transesophageal 
echo, cardiac CT, cardiac MRI) is very useful to confirm the 
diagnosis of caseous calcification of the mitral annulus and 
can help avoiding unnecessary manipulation.
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Purpose/Objectives The purpose of this study was to 
evaluate MRI studies conditionally safe for magnetic res-
onance imaging (MRI) active implanted pacemakers and 
cardio-version defibrillator (ICD).
Methods and Materials Patients with implanted cardiac 
devices were examined on the basis of the X-ray diagnos-
tic department,. Three patients with pacemakers and two 
patients with an implanted cardioverter-defibrillator (elec-
trostimulation systems were of different manufacturers). 
Four patients had MR-compatible electrodes and one with-
out an ICD electrode. At the time of MRI, all patients were 
at the stage of dynamic observation and the decision on the 
state of the myocardium. Before conducting MRI exami-
nations of the heart, all implanted devices were switched 
by arrhythmologists to MR-compatible mode. MRI of the 
heart was performed on a 1.5 T magnetic resonance imager 
in the supine position of the patient, using a multichannel 
surface coil for the body and ECG synchronization.
Results The patients were placed under ECG control. In 
one patient, when placed in a magnetic field, a decrease in 
heart rate was revealed without signs of artificial "impo-
sition" of a rhythm during the first two minutes—until 
the period of adaptation of the implanted pacemaker. 
The study was completed in two patients with implanted 
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pacemakers. During the studies, artifacts in the cavities 
of the right atrium(RA) and right ventricle(RV) from the 
implanted electrodes were determined, which did not com-
plicate the assessment of images and made it possible to 
assess the structure of the myocardium and the functional 
state of the heart. In the study of two other patients with 
CDI, metal artifacts from the first series (scan plans) were 
identified, making it difficult to evaluate the images. Arti-
fact reducing sequences were used to reduce artifacts from 
implanted devices, however, this did not improve image 
quality and studies were stopped.
Conclusion Today it has become possible to perform 
MRI examinations of the heart in patients with implanted 
stimulation systems. However, the device itself can affect 
the quality of the study, making it impossible to assess 
the structure of the myocardium. Our examples clearly 
show the possibility of performing studies subject to the 
prescribed working conditions, but sometimes, the active 
implanted device itself, which allows working in a mag-
netic field, does not allow visualizing the area of interest.
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Purpose/Objectives Left ventricular (LV) remodelling 
after ST-elevation myocardial infarction is a complex 
process, beginning within the first week after STEMI. 
LV remodelling has been classified as adverse or reverse 
on the basis of changes in end-diastolic and end-systolic 
volume at follow-up. Different clinical and Cariac Mag-
netic Resonance (CMR) parameters had been advocated 

to predict LV adverse remodeling. Area-at-risk (AAR) 
measured on T2-weighted images, infarct size quantified 
as late gadolinium enhanced area, microvascular obstruc-
tion and strain analysis are known CMR parameters with 
prognostic significance, in terms of LV remodeling and 
major cardiac events. On the other hands, cardioprotective 
therapies have proved to prevent LV adverse remodeling. 
Thus, we aimed to evaluate the effect of ASA loading dose 
on LV remodeling and strain parameters and to identify 
predictors of adverse remodeling at short term follow up.
Methods and Materials Seventy-eight STEMI patients, 
treated by primary percutaneous coronary intervention 
(PCI) within 12 h after symptoms onset between 2011 
and 2015, undergoing CMR in the early post-infarction 
phase (within 5–8 days from symptoms onset) and after 
4–6 months, were enrolled retrospectively reviewing our 
institution’s registry. Only patients with paired CMR 
data on LV volumes at baseline and at 6-month follow-
up were included in this study. For LV remodeling, on 
the basis of Bulluck’s definition, we divided population 
into three groups: “adverse” remodeling defined as an 
increase of end-diastolic LV volume or end-systolic LV 
volume greater than 12%, “reverse” as a decrease of 12% 
of LVESV, and “null” remodeling as other volume percent-
age increase or decrease less than 12%, between baseline 
and 4–6 months CMR scans. AAR, infarct size, MVO and 
strain parameters at baseline have been considered and 
compared by using ANOVA test.
Results Among 78 STEMI acutely reperfused patients, 38 
(48,7%) showed adverse remodeling, 22 (28,2%) reverse 
remodeling and 18 (23%) no remodeling. At baseline 
CMR exam, patients with adverse remodeling showed 
larger AAR, LGE area and MVO extent if compared to 
other two groups. Regarding CMR strain analysis, only 
GCS values were worse in adverse remodeling group com-
pared to other two ones. At ROC curve analysis, troponin 
I, LGE extent baseline, GCS and GLS showed significant 
sensibility and specificity to detect adverse remodeling at 
4–6 months. Then, among 45 STEMI patients, 22 under-
went to ASA loading dose (higher than 250 mg orally or 
i.v.) and 23 to 250 mg. Patients receiving higher ASA dose 
before PCI developed less frequently adverse remodeling, 
had lower MVO, LGE baseline and LGE at 6 months and 
better strain parameters if compared to those treated with 
250 mg ASA.
Conclusion STEMI patients presenting adverse remod-
eling reported greater infarct size and worse strain parame-
ters at first CMR exam in the early post-infarction phase if 
compared to those with reverse or null remodeling. STEMI 
patients treated with ASA loading dose before PCI showed 
less adverse remodeling at short term follow up and seems 
to be protective for LV adverse remodeling independently 
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from nitrates administration, infarct size extent and myo-
cardial damage.
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Purpose/Objectives To investigate whether myocardial 
native T1 (nT1) and T2 values may help in the differential 
diagnosis of the three main different etiologies of acute cor-
onary syndrome: myocarditis (AM), myocardial infarction 
(AMI) and Tako-Tsubo syndrome (TTS).
Methods and Materials We retrospectively selected 134 
patients admitted for acute coronary syndrome who under-
went cardiac magnetic resonance (CMR) between 2015 
and 2021. All those patients performed a complete CMR 
protocol: 63/134(47%) were AM, 54/134(40%) AMI and 
17/134(13%) TTS, according to the conventional diagnos-
tic patterns using T2-weighted and late enhanced images. 
30 healthy subject were also recruited as control group. 
CMR protocol included non-contrast MOLLI 5(3)3 and 
T2-3pt-GRE, for nT1 and T2 mapping respectively. Left 
ventricular myocardial nT1 and T2 values have been meas-
ured on a 16-segments-based approach. Thresholds of nor-
mal nT1 and T2 myocardial values have been established 
using the 95 upper percentile of control group. In each 
patient, the highest segmental values (Max-) and the aver-
age values among all those segments with increased nT1/
T2 (Ave-) have been assessed in both nT1 and T2 maps. 
Statistical analysis was performed using ANOVA, student 
t-test and ROC curve analysis.
Results  Max-T1, Ave-T1, Max-T2 and Ave-T2 
have been assessed in all AM (1144.6 ± 76.7  ms, 
1096.3 ± 42.1 ms, 58.1 ± 6.18 ms and 53.7 ± 2.75 ms), 
AMI (1248.3 ± 94.7 ms, 1129.9 ± 44.9 ms, 63 ± 7.5 ms 
and 55.9 ± 3.2  ms) and TTS (1242.3 ± 48.4  ms, 
1127.9 ± 21.6  ms, 63.9 ± 5.1  ms and 56.8 ± 2.94  ms) 
patients. All values were significantly higher in patients 
with AMI/TTS as compared to AM and controls [p < 0.001 
for all comparisons]. No significant differences have been 
found in the comparison between AMI and TTS values. 
ROC analysis showed good performance in distinguishing 
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AMI/TTS Vs AM/controls (AUC:0.77–0.87), whereas 
in the comparison between AM and controls was excel-
lent for T1 values (AUC:0.966–0.981), good for Max-T2 
(AUC:0.832) and sufficient for Ave-T2 (AUC:0.669).
Conclusion Max- and Ave- T1/T2 values vary between 
different forms of acute myocardial injury and improving 
CMR diagnostic performance in the acute scenarios, and 
appear promising to obtain robust and accurate diagnosis 
also without the use of contrast agent.
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Purpose/Objectives To propose a sustainable model of 
coronary computed tomography angiography (CCTA) 
use in acute coronary syndrome (ACS) in an emergency 
department (ED) facility using a partially based teleradi-
ology reporting model. We also analyzed impact of the 
protocol on patient’s outcome over a 5-year follow-up by 
focusing on the occurrence of major adverse cardiovascu-
lar events (MACEs).
Methods and Materials From an initial cohort of 637 sub-
jects admitted to the ED with chest pain during a 12-month 
period, 104 consecutive patients with low to intermediate 
risk of ACS according to the HEART score system were 
selected. All patients underwent CCTA within 6.2 ± 3.2 h 
from admission. Medical reporting was based on a model 
combining on-site physician and a remote radiologist sup-
ported by a web client-based teleradiology system, cover-
ing a 24/7 service with rotation of 5 dedicated cardiac-CT 
specialists. CCTA findings were correlated with the inci-
dence of MACEs over a 5-year follow-up.

Results CCTA ruled-out significant CAD (CAD-RADS: 
0–2) in 76 patients (73.1%), 65 showing absent or min-
imal luminal stenosis and 11 with mild degree lesions. 
While 28 subjects (CAD-RADS: 3–5) showed respec-
tively moderate (7.7%) to severe (19.2%) coronary artery 
disease and were directly referred to functional tests or 
invasive angiographic examination. The mean discharge 
time in patients who performed CCTA was 10.8 ± 5.9 h, 
while patients addressed to standard evaluation at ED had 
a mean discharge time of 24.8 ± 12.6 h (p < 0.05). Regard-
ing the reporting model, 76/104 cases (73%) were reported 
using a teleradiology platform, with slightly shorter 
reporting times, without significant impact on patient’s 
discharge (10.4 ± 5.3 vs 12.2 ± 6.7 h, p: 0.34). MACEs 
have been higher at 5-year follow-up for the group with 
CAD-RADS > or = 3 compared to the group with CAD-
RADS < 3 (n: 6/66 Vs. 8/28, respectively, p < 0.05).
Conclusion CCTA assessment of patients with ACP ena-
bles to quickly rule-out ACS, avoiding inappropriate hos-
pitalization and waste of resources, and to identify among 
symptomatic patients those with higher risk of MACEs 
at 5-year follow-up. A partial teleradiology based 24/7 
CCTA service allowed a rapid discharge of patients with 
suspected ACS from ED.
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Purpose/Objectives Non-invasive imaging techniques play 
a central role in identification, stratification, and follow-up 
of infectious and inflammatory vascular disease and could 
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be of major importance for preventing and delaying vascular 
damage and its complications in high-risk patients. Manual 
or semi-automatic quantification of these diseases is time-
consuming. Besides that, most fully automatic analysis soft-
ware fails to integrate both the anatomical and the functional 
information obtained from hybrid nuclear medicine images 
like positron emission tomography (PET) with computed 
tomography (CT). The aim of this study is to develop an 
accurate, fast, and fully automatic algorithm to segment the 
aorta on low-dose CT (LDCT) images as a navigator for 
PET-assessed vascular disease.
Methods and Materials Eighteen non-contrast LDCT scans 
from [18fluor]fluordeoxyglucose ([18F]FDG) PET/CT scans 
were used. For all LDCT scans, the aorta from aortic valve 
to iliac bifurcation was manually delineated and used as 
‘ground truth’. Split, rotation, and noise addition augmen-
tation techniques were used on fifteen scans to create 100 
3D patches, which were split into a training (n = 80) and 
validation (n = 20) set. Three scans without augmentation 
were used as test set. Cropping, normalization, and zero-
centering were used for image preprocessing to speed up 
and improve accuracy of the training. No down sampling 
was used. A U-Net architecture was modified to process 3D 
inputs and outputs. The Dice Similarity Metric (DSM) was 
used to assess algorithm performance.
Results The test set yielded a mean DSM of 0.846 ± 0.020 
for the entire aorta. The run time for both test sets with the 
trained 3D U-Net was on average 2 s per patient, whereas the 
manual delineation was in the order of 30 min per patient.
Conclusion A modified 3D U-Net was trained for segmenta-
tion of the aorta on non-contrast LDCT obtained from PET/
CT scans. Comparisons of ground truth and segmented aorta 
from automatic segmentations using the trained 3D U-Net 
demonstrated excellent concordance. This method can be 
used for faster and more in-depth analyses of PET tracer 
uptake in the vascular wall and potentially applied for fast 
and accurate quantification of vascular inflammatory and 
infectious diseases.
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Purpose/Objectives Tetralogy of Fallot is the most com-
mon cyanotic congenital heart disease. Surgical repair at 
early age significantly improves long term- survival of 
these patients. 4D Flow sequence is a new tool for visuali-
zation and quantification of blood flow in heart and large 
vessels. It can also provide information about physiologi-
cal parameters such as wall shear stress (WSS) and loss of 
kinetic energy and how are they altered in patients after 
surgical correction of their congenial heart disease. Since 
use of this imaging technique and studies including evalu-
ation of aorta parameters in pediatric patients are limited 
to date, the aim of this study is to analyze maximum wall 
shear stress (WSS) in ascending and descending aorta in 
a group of patients who underwent surgical correction of 
Tetralogy of Fallot.
Methods and Materials We retrospectively analyzed 14 
patients (7 months- 16 years old) with history of surgical 
treatment of Tetralogy of Fallot, who underwent regular 
4D flow imaging. All imaging was performed on 1,5 T 
Artist GE MRI scanner (GE Healthcare, Milwaukee, WI). 
Post-processing was executed with CVI 42 (Circle Car-
diovascular Imaging). We used segmentation tool of soft-
ware to track centerline of the vessel (aorta), after which 
we manually determined the points of maximum wall 
shear stress (WSS) measurement on both ascending and 
descending aorta in each patient. 6 patients (8–17 years 
old) with no congenital heart disease and normal heart 
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function with 4D flow examination from our database 
served as control group.
Results There was no significant difference in maximum 
WSS [Pa] in ascending aorta between study and control 
group. In study group mean maximum WSS in ascending 
aorta was 0,378 Pa [0,183–0,574 Pa], whereas in control 
group 0,341 Pa [0,212–0,47 Pa]. We observed slightly ele-
vated maximum WSS [Pa] in descending aorta in our study 
group, compared to control. In study group mean maximum 
WSS in descending aorta was 1,257 Pa[ 0,651- 2,058 Pa] 
and in control group 0,670 Pa[ 0,381–0,941 Pa].
Conclusion Patients after surgical treatment of Tetralogy 
of Fallot may be prone to elevated wall shear stress in 
descending aorta, which could potentially lead to weak-
ening of vessel wall, therefore close monitoring towards 
complications such as aortic aneurysm in years following 
surgery should be applied.
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Purpose/Objectives Phase-contrast cardiovascular magnetic 
resonance imaging (PC-CMR) has become an emerging tool 
in characterizing aortic stenosis (AS). While it is increas-
ingly used in quantifying stenosis degree, it still remains 
unclear at what distance from valve level (VL) this method 
yields the most reliable results. The aim of this study was to 
determine the PC-CMR imaging level above the stenotic aor-
tic valve, which generates the most valid measures of flow 
velocity and volume compared to cardiac catheterization.

Methods and Materials 51 patients with moderate to severe 
AS underwent cardiac catheterization and CMR including 
cine-imaging and PC-CMR. A total of 243 imaging planes 
parallel to the aortic valve were measured via PC-CMR, 
ranging from 22 mm below to 24 mm above VL at end-
diastole. Aortic valve area (AVA) via PC-CMR was calcu-
lated as mean flow volume divided by peak velocity over the 
whole systole. In all layers, stroke volume (SV) and AVA 
were determined and compared to volumetric SV and inva-
sive AVA via the Gorlin-formula, respectively.
Results Above VL, SV by PC-CMR compared to cine-
volumetry showed no significant differences depending 
on image plane position and correlated strongly with 
volumetric measurements (r: 0.647, p < 0.001, bias: 1 ml, 
p = 0.540). AVA assessment in layers from 0-10 mm above 
VL differed significantly between PC-CMR and invasive 
measurement (bias: 0.13cm2, p < 0.001). In contrast, AVA 
values by PC-CMR measured 10-20 mm above VL showed 
moderate agreement with invasive determination (r: 
0.444, p = 0.005) without any significant bias (0.001cm2, 
p = 0.974). Within these measurements, the layer at 15 mm 
above VL displayed the lowest bias (-0.05cm2, p = 0.516).
Conclusion PC-CMR measurements at 0-10 mm above the 
stenotic aortic valve should be avoided due to significant 
AVA overestimation compared to invasive determination. 
AVA assessment by PC-CMR between 10 and 20 mm 
above VL does not differ from invasive measurements, 
with the lowest intermethodical bias measured 15 mm 
above the valve.
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Purpose/Objectives To compare atrial strain parameter 
derived from highly accelerated compressed sensing (CS)-
based cine sequences in comparison to conventional (Conv) 
cine imaging.
Methods and Materials CS and Conv cine sequences were 
acquired in 46 subjects [30 healthy volunteers (HV) and 16 
patients with heart failure with reduced ejection fraction 
(HFrEF)] using a 3 T MR scanner in this single-center study. 
Deformation analysis of the left (LA) atrium was performed 
in both sequences to evaluate long axis and AV junction 
strain. Inter-sequence agreement was analyzed using cor-
relation, intraclass-correlation (ICC) and Bland–Altman 
analysis.
Results CS-based cine imaging lead to a 69% reduction of 
acquisition time. There was significant difference in atrial 
strain parameters between CS and Conv cine, e.g. LA Long 
axis strain [Conv 30.3% ± 15.5, CS 27.4% ± 13.1, P = 0.003] 
or AV junction strain [Conv 26.6% ± 13.4, CS 24.6% ± 11.9, 
P = 0.016]. However, there was high correlation between 
the techniques, yielding excellent ICC (> 0.93) and corre-
lation (r > 0.95) (Fig. 1 & 2). CS-based parameters [Long 
axis strain AUC = 0.956, AV junction strain AUC = 0.948] 
showed equivalent diagnostic ability compared to Conv cine 
imaging [Long axis strain AUC = 0.969, AV junction strain 
AUC = 0.0.948] to differentiate between HV and HFrEF 
(Fig. 3).
Conclusion Atrial deformation analysis using CS cine imag-
ing is feasible with relevant reduction of acquisition time, 
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therefore strengthening the role of CS in clinical CMR for 
atrial imaging.
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Purpose/Objectives During the peak of the coronavirus 
disease 2019 (COVID-19) pandemic, venous thromboem-
bolism became well-recognised as a common complication 
of severe COVID-19 disease. Arterial thrombosis has been 
less well recognised, although it is increasingly reported, 
mainly in the context of lower limb ishchemia and cerebro-
vascular stroke.Even though arterial clots are a rare entity, 
the procoagulant nature of COVID-19 is associated with 
thrombosis at atypical sites and should be considered in 
patients with severe coagulation abnormalities. The goal 
of this study was to demonstrate and evaluate the main 
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features of arterial thrombosis of COVID-19-positive 
patients on computed tomography angiography (CTA).
Methods and Materials We studied 7 cases of severe arte-
rial thrombotic events in patients with confirmed COVID-
19 infection, admitted at Amosov National Institute of 
Cardiovascular Surgery from October 2020 to February 
2021. COVID-19 diagnosis was made by polymerase 
chain reaction assay and chest computed tomography (CT) 
associated to respiratory symptoms in all cases. Arterial 
thrombosis was diagnosed clinically and confirmed by a 
color Doppler duplex ultrasonography and CTA. All stud-
ies were performed on 640-slices CT scanner (Toshiba 
Aquilion One, Japan).
Results In most cases, the degree of pulmonary involve-
ment reflects the severity of the course of COVID-19 
infection. However, vascular thrombosis can have a signifi-
cant impact on the outcome of the disease. All the exam-
ined patients in addition to severe COVID-19 infection 
had a history of cardiovascular disease. The first case of a 
patient with an obstructive thrombosis of the abdominal 
aorta (Fig. 1A) and bilateral common iliac artery thrombo-
sis. Also the CT study showed filling defects in the supe-
rior vena cava and right atrium (Fig. 1B). It the second 
and third cases there was thrombosis of the right femoral 
artery ( Fig. 2). In the fourth case patient had left popliteal 
artery thrombosis. The fifth patient had occlusion of a dis-
tal segment of the superior mesenteric artery (Fig. 3). The 
sixth case is of a patient who had renal and spleen infarcts. 
In the seventh case patient had left middle cerebral artery 
stroke (Fig. 4).
Conclusion COVID-19 could predispose to both venous 
and arterial thromboembolism, in an exaggerated immune 
response to the virus, especially in severe patients. It has 
also been proposed that coagulopathy is characterized by 
more dire prognosis in COVID-19 patients. Knowledge 
of the possibility of thromboembolic complications can 
increase their early detection in this group of patients. CT 
is crucial for assessment not only of COVID-19 pneumo-
nia, CTA has a key role concerning diagnosis and man-
agement in patients affected by COVID-19 – associated 
arterial thrombosis, such as aortic thrombosis, myocardial 
infarction, mesenteric ischemia, cerebrovascular stroke 
and limb ischemia.
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Congenital coronary artery fistulas in adults 
detected by coronary computed tomography 
angiography
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puted tomography
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Purpose/Objectives To assess the prevalence and anatomic 
characteristics of congenital coronary artery fistulas (CAFs) 
diagnosed with coronary computed tomography angiogra-
phy (CTA) in adult population.
Methods and Materials Between February 2008 and 
November 2021 there were 45,817 coronary CTA examina-
tions performed in 39,066 subjects in a single high volume 
hospital in Poland. The electronic database of all coronary 
CTA reports was manually screened with use of specific key 
words to identify consecutive patients with CAF. Following 
anatomical features were evaluated for all CAFs: size, site of 
origin and termination, CAF tortuosity and complexity, and 
presence of atherosclerosis within coronary tree.
Results Forty-two patients with 56 CAFs were identi-
fied, 47.6% were men. The prevalence of CAFs was 0.1% 
(42/39,066). There were 10 large CAFs (defined as maximal 
lumen diameter > 10 mm). The majority of CAFs arose from 
the right coronary artery (27/56). The most common site of 
CAF termination was pulmonary artery (PA) (33/56). The 
site of origin did not have any impact on the size and mor-
phology of CAFs. CAFs terminating in PA and pulmonary 
arteries were often multiple, bilateral, complex and tortu-
ous (p = 0.001, p < 0.001, p < 0.001, p = 0.01, respectively). 
CAFs draining into the right structures of the heart were 
significantly larger at the site of origin and termination com-
pared with CAFs draining into PA and pulmonary arteries 
as well as into the left structures of the heart (p = 0.024, 
p = 0.035, respectively). In 22 patients (52,4%) atheroscle-
rosis in coronary arteries was found. Patients with steno-
sis ≥ 50% within coronary tree (12/22) had significantly 
smaller CAFs (p = 0.021).
Conclusion The most common site of origin and termina-
tion of CAFs are RCA and PA, respectively. CAFs drain-
ing into PA are more often multiple, complex and tortuous. 
Significant atherosclerotic changes are often seen in patients 
with smaller CAFs.
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Purpose/Objectives Familial hypercholesterolemia (FH) is 
an autosomal dominant genetic disorder characterized by 
a high risk of premature coronary artery disease (CAD). 
Current cardiovascular disease risk assessment tools are 
unable to successfully predict long-term cardiovascular risk 
in FH patients. Cardiac computed tomography angiography 
(CCTA) may be a key tool to assess subclinical coronary 
atherosclerosis in this group of patients. The aim of our 
study is to use CCTA to investigate the presence and extent 
of CAD in a cohort of patients with FH to retrospectively 
evaluate clinical and laboratory parameters that can success-
fully predict disease severity in this population.
Methods and Materials From October 2013 to May 
2020 we evaluated 142 consecutive subjects ≥ 18 years 
(49 ± 12.9 years, 83 males [58.5%]) with clinical and genetic 
diagnosis of FH. Calculation of lipid panel and Dutch 
Lipid Clinic Network (DLCN) score was performed for 
each patient. Coronary artery calcium scoring and stenosis 
degree analysis was performed for all 17 coronary segments. 
Several atherosclerotic burden CT scores (Agatston score, 
plaque composition sum (PCS), segment stenosis score 
(SSS), segment involvement score (SIS)) and CAD-RADS 
score were calculated. Linear and logistic regressions were 
used to implement the predictive models.
Results Mean DLCN score was 13 after genotyping. Preva-
lence of significant CAD (CAD-RADS ≥ 3) was 22.4% 
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(31/138).Independent predictors of SSS were age (p < 0.01), 
gender (p = 0.019), monogenic disease (p = 0.043), type 2 
diabetes mellitus (p < 0.01) and the worst recorded triglyc-
erides (TG) level (p < 0.01). Independent predictors of SIS 
were age (p < 0.01), type 2 diabetes mellitus (p = 0.013), 
HDL-C (p = 0.011) and the duration of LLT (p < 0.01).
Independent predictors of PCS were age (p < 0.01), gender 
(p = 0.013), type 2 diabetes mellitus (p = 0.013), HDL-C 
(p = 0.014) and the worst recorded TG level (p = 0.038). 
Independent predictors of Agatston score were age 
(p = 0.01), type 2 diabetes mellitus (p = 0.023) and duration 
of LLT (B: 0.83; p = 0.033). Only age (p < 0.01) significantly 
contributed to prediction of CAD-RADS.
Conclusion Neither lipid panel nor DLCN score can pre-
dict presence of significant CAD at CCTA in FH patients. 
We identified different clinical predictors of CAD severity 
for different atherosclerotic burden scores, emphasizing the 
need for a specific risk score for patients with FH, to imple-
ment the selection strategy of those patients who should 
undergo early CCTA, with obvious implications in patient-
tailored preventive and therapeutic strategies.
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Purpose/Objectives The aim of the study was to evaluate 
changes in size of artifacts related with implemented cardiac 
devices electrode in phantom study with different angle of 
the wire in relation to plane of imaging.
Methods and Materials We scanned ICD electrode placed 
in 3D-prined frame using 64-row single source rapid-kVp-
switching dual-energy CT scanner – Revolution GSI (GE 
Healthcare, Milwaukee, WI). Electrode was scanned in three 
planes in 5 degrease interval. As reference we used an image 

acquired with standard helical cardiac gated protocol. The 
length of two biggest artifacts were measured by two authors 
independently on monoenergetic reconstruction in 10 keV 
interval using GSI Volume Viewer (GE Healthcare, Milwau-
kee, WI) and on the helical image.
Results Reducing the angle of the electrode with respect to 
the scanning plane resulted in a reduction in the size of the 
artifacts associated with the electrode tip. The use of mono-
energetic reconstructions significantly reduced the size of 
artifacts in each plane. The largest artifacts were observed 
when the electrode was in the scanning plane.
Conclusion The greatest reduction of artefacts cause by 
metal in ICD electrode was possible by decreasing the 
angle between electrode and plane of scanning. High-energy 
monoenergetic reconstruction also can reduce these artifacts.
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Purpose/Objectives TAVI is now the standard procedure 
for treating patients with severe aortic stenosis who can-
not undergo surgical aortic valve replacement [1]. CTA is 
a standard procedure in the pre-TAVI diagnostic workup 
[1,3]. However, patients undergoing TAVI have a high pre-
test risk of severe coronary calcifications (about 50%) [3], 
the presence of abnormal rhythm that cannot be controlled 
with beta-blockers is quite common and they cannot be 
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given nitrates, thus complicating the evaluation of CAD 
with CCTA [1]. Therefore, in accordance with current 
guidelines, ICA is recommended prior to TAVI to evalu-
ate CAD [1]. On the other hand, CCTA might be a tool to 
evaluate the presence of coronary tree significant stenosis 
avoiding unnecessary ICA (reducing risk of complication, 
costs and dose of iodinated contrast medium) [4, 5]. Based 
on this consideration, the aim of our metanalysis is to eval-
uate the diagnostic accuracy of CCTA for the evaluation 
of coronary tree in patients referred for TAVI.
Methods and Materials PubMed/MEDLINE, EMBASE 
and CENTRAL were searched up to May 1st, 2021. We 
included studies reporting data on diagnostic accuracy of 
CCTA in patients with severe aortic stenosis referred for 
TAVI who underwent during the diagnostic work-up ICA, 
who served as a reference. QUADAS-2 tool was used to 
assess the quality of included studies. The primary end-
point was the patient-level accuracy of CCTA to iden-
tify obstructive CAD. For the purpose of this analysis, 
non-evaluable segments were considered positive based 
on an intention to diagnose approach. Secondary analy-
sis included the evaluation of the accuracy of CCTA for 
obstructive CAD at the patient-level excluding patients 
with non-evaluable segments, at the vessel- and at the 
segment-level. Subgroup analyses according to CT scan-
ner characteristics (i.e. single heartbeat scanner CTs vs. 
others) were further performed. Any outcome of interest 
reported by each study will be included and graphically 
displayed by forest plots and summary ROC curves.
Results A total of 2228 patients were included in the 
analysis performed at the patient-level considering non-
evaluable segments as positive. The pooled sensitiv-
ity and specificity for CCTA were 97%(94–98%) and 
68%(56–68%), respectively and the Positive and Negative 
Likelihood Radio were 3.0(2.1–4.3) and 0.05[0.03–0.09], 
respectively; with a diagnostic Odds Ratio of 60(30–121). 
The HSROC has an AUC = 0.96(0.94–0.98). To put our 
results into clinical practice, estimating a disease preva-
lence of 40% in a population of 1000 patients, the study 
of coronary arteries with CCTA prior to TAVI would 
correctly avoid 409 (95%CI 335–470) ICAs. A subgroup 
analysis comparing single heartbeat scanner CTs to oth-
ers found no difference in sensitivity [0.96%(91–98%) vs. 
97%(94–99%); p = 0.37], whereas the specificity of single 
heartbeat scanner CTs is higher than others [81%(67–90%) 
vs. 58%(43–71%); p < 0.0001].
Conclusion In conclusion, CCTA has excellent diagnostic 
accuracy for assessing obstructive CAD in patients referred 
for TAVI. Routine CCTA of coronary arteries as part of the 
pre-TAVI work-up would save more than 40% of ICAs. The 
use of single-heart beat scanners, which provide greater 
specificity, can improve such data even further.
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The association of cardiovascular co‑morbidities 
with the hospital mortality in COVID‑19 patients
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Lukas Patrovic, Samuel Holly, Miroslav Vytiska

Keywords Cardiovascular, COVID-19, Hospital mortality

Topic Special Focus

Purpose/Objectives The coronavirus pandemic has changed 
the structure of in-hospital mortality. The most widely used 
hospital mortality model (2) considers only the number 
of co-morbidities. Our objective was to evaluate the spe-
cific role of cardiovascular co-morbidities on mortality in 
COVID-19 patients admitted to hospital and how it per-
formed among others known risk factors in the multivariable 
mortality prediction model.
Methods and Materials We have retrospectively collected 
data of 465 patients admitted to the hospital with confirmed 
COVID-19 by antigen or PCR test. We collected variables of 
interest from medical records—age, BMI, sex, the presence 
of diabetes mellitus (DM), cardiovascular and pulmonary 
co-morbidities. The extent of lung involvement was evalu-
ated on high-resolution computed tomography. For statistical 
analysis, we used the BESHstat plugin in MS Excel. For 
categorical variables, we performed the chi-square test and 
for continuous variables paired t-test. We used a multivari-
able logistic regression tool for multivariate analysis with 
mortality as the primary outcome.
Results Multivariable logistic regression analysis revealed, 
that the most significant influence on mortality was the 
presence of cardiovascular co-morbidities (OR 3,1, p 0,02, 
95% CI 1,2–8,2) and pulmonary co-morbidities (OR 3,3, 
p < 0,0001, 95% CI 1,7–6,5). These were followed by age 
(OR 1,93, p < 0,0001, 95% CI 1,46–2,55) and extent of pul-
monary injury (OR 1,35, p < 0,0001, 95% CI 1,2–1,5). The 
overall model fit was very good—ROC Wilcoxon AUC 0,85, 
p < 0,0001, 95% CI 0,81–0,89).
Conclusion Our model showed that cardiovascular and pul-
monary co-morbidities are among the most critical mortality 
predictors of COVID-19 patients with moderate-to-severe 
symptoms that require admission to the hospital.
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Four‑dimensional phase contrast MRI 
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Topic Imaging Technique

Purpose/Objectives To test the feasibility of a dual-veloc-
ity encoding (Dual-Venc) 4D Flow MR sequence prototype 
accelerated by Kt-ARC to assess various vascular flows use-
ful for the follow-up of patients with complex congenital 
heart disease.
Methods and Materials Routine cardiac MRI was per-
formed in 15 young adults followed for complex congeni-
tal heart disease on a 3 T Magnet (Discovery MR 750, 
GEMS). The usual 4D flow sequence has been replaced 
by a Kt-ARC accelerated 4D flow prototype sequence, 
using two different velocity encoding (Venc) with High-
Venc / Low-Venc set to 300/100 cm/s; temporal / spatial 
resolution = 40-45  ms/2 × 2 × 2.2mm3, after injection 
of 0.15 mmol/kg of a gadolinium-based contrast agent 
(Gadovist, Bayer, Germany). MRI data was anonymized 
and sent to a cloud-based software (Arterys). After auto-
matic phase offsets and background correction, a simul-
taneous analysis of the two separate 4D flow volumes, at 
high and low Venc, was performed. Velocity-to-noise ratio 
(VNR), peak velocity and Forward flow were compared 
between high and low Venc measurements for different 
vessels: superior and inferior vena cava, pulmonary veins, 
aorta, portal and hepatic veins. All patients were informed 
and signed a consent to test the prototype sequence.

Results All dual-venc 4D flow MRIs were successfully 
acquired in a mean scan time of 18 ± 3 min, reducing total 
scantime by 25% compared to two separate acquisitions. 
Cloud-based data post-processing enabled simultaneous 
real-time analysis of the two 4D-flow datasets at low and 
high Venc. VNR at low Venc was always higher compared 
to high Venc (at least twofold). Comparing flow measure-
ments at High and Low Venc, Pearson Correlation coef-
ficients ranged between 0.85–0.95 demonstrating excellent 
correlation for great vessels (inferior and superior vena 
cava), but correlation was lower (0.65–0.75) for hepatic 
and portal veins with lower peak Velocities. An aliasing 
artifact occurred in most of aortic arterial measurements 
performed at low Venc.
Conclusion Kt-Arc accelerated Dual-Venc 4D Flow MR 
sequence is particularly well suited for the follow-up of 
patients with complex congenital heart disease with chal-
lenging flows to measure, as it enables optimal assessment 
of a wide dynamic velocity range of flows, avoiding the 
risk of aliasing for high-velocity flows while ensuring a 
good velocity-to-noise ratio (VNR) for low velocity flows.
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Topic Imaging Technique

Purpose/Objectives Left ventricular (LV) global longitu-
dinal strain 2D Speckle Tracking (2D-GLS Echo-ST) has 
well accepted for diagnosis and prognosis in Hypertrophic 
CardioMyopathy (HCM). Cardiac Magnetic Resonance 



3659The International Journal of Cardiovascular Imaging (2021) 37:3603–3667 

1 3

Feature Tracking (CMR-FT) has been recognized as an 
emerging method for the assessment of myocardial defor-
mation in various disorders. Aim of this study was analyze 
values of GLS, analyze correlation with LV-myocardial 
mass and compare LV-GLS values from CMR-FT and 
Echo-ST in patients with HCM.
Methods and Materials CMR of 48 HCM subjects (male, 
n = 34) and 30 healthy (male, n = 13) retrospectively ana-
lyzed with a commercial software to assess LV-GLS from 
short and long axis images 2, 3, 4 chamber views. The 
LV-GLS of the HCM-group was evaluated also by Echo-
ST. Analysis of continuous variables, ROC curve, linear 
regression and Bland–Altman plot were performed.
Results LV-GLS CMR-FT was significantly impaired 
in HCM group vs control (-14.1 ± 3.3% vs 20.9 ± 1.9%, 
p < 0.001), with not significant sex-related difference 
(males -14.1 ± 3.6%, females 14.2 ± 3.6, p = 0.92) unlike 
controls (males -19.8 ± 1.7%, females -21.7 ± 1.7%, 
p = 0,006). AUC of ROC curve in diagnosis of HCM was 
0.98 with value of -18.06% as optimal cut-off. Good cor-
relation was found with myocardial mass (r = 0.81) and 
fibrosis (r = 0.77). Correlation with Echo-ST was good 
(r = 0.64) but with different values (2D-GLS -15.7 ± 2.9%, 
p < 0,001).
Conclusion Myocardial LV-GLS from CMR-FT is sig-
nificantly impaired (higher) and not sex-related in HCM 
patients with a diagnostic cut-off of -18.06%, and corre-
lates with myocardial mass and presence of fibrosis. Inter-
observer agreement between CMR-FT and Echo_ST was 
good, even if with a little bias.
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of Coronary Artery Disease: A Primer for Cardiac 
Radiologists

Smily Sharma, VENKATA SUBBAIH ARUNACHALAM, Rakesh 
Chauhan

Keywords CT/CT-Angiography, Dual Energy CT, Plaque 
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Topic Imaging Technique

Purpose/Objectives To study role of Gemstone Spectral 
Imaging (GSI) in evaluation of Coronary Artery Disease. To 
study principles of evaluation of characteristics of Coronary 
artery plaque using GSI. To study role of GSI in myocardial 
perfusion analysis.
Methods and Materials Using GE Revolution Frontier 256 
Slice Single Source Dual Energy CT available in one of the 
author's institution, detailed evaluation of coronary artery 
disease was done by prospective Cardiac Gated CT Coro-
nary Angiography. 70 keV Monochromatic images were 
used for interpretation. In addition to detailed analysis of 
coronary arteries, Coronary Artery Plaques were evaluated 
by their charcteristic Spectral HU curves and Effective Z 
(atomic) numbers. Myocardial Iodine Quantification was 
done to look for myocardial perfusion defects.
Results Monochromatic images obtained with Gemstone 
Spectral Imaging helped in improving the detection of 
plaques in coronary arteries with better Contrast to Noise 
Ratio. Plaque analysis with spectral HU curves helped to dif-
ferentiate fatty, calcified and fibrous plaques by their specific 
attenuation characteristics at multiple monoenergetic levels. 
The calculation of effective atomic numbers of the plaque 
and their comparison with Effective Z of materials like fat, 
fibrous tissue and calcium further added confirmation to the 
characteristic of the plaque. By estimation of iodine concen-
tration in the myocardium, perfusion defects were identified 
which corresponded to areas of low iodine uptake.
Conclusion Gemstone Spectral Imaging has revolutional-
ized the evaluation of coronary artery disease. Benefits like 
evaluation of characteristics of plaques and quantification of 
functional myocardial tissue are instrumental in deciding the 
treatment strategy and guiding the prognosis of the patient.

References
Quantitative myocardial perfusion with stress dual-energy 
CT: Iodine concentration differences between normal and 
ischemic or necrotic myocardium. Initial experience Car-
los Delgado, Eur Radiol, 2015. https:// doi. org/ 10. 1007/ 
s00330- 015- 4128-y.
Evaluation of image quality of coronary artery plaque with 
rapid kvp-switching dual energy CT. Y Ohta et al. Clinical 
Imaging 43 (2017) 42–49.

Image 1

https://doi.org/10.1007/s00330-015-4128-y
https://doi.org/10.1007/s00330-015-4128-y


3660 The International Journal of Cardiovascular Imaging (2021) 37:3603–3667

1 3

Image 2

Image 3

Presenter's first name and last name
Smily Sharma

Presenter's city and country

Jodhpur, India

Presenter's email address
drsmilysharma@gmail.com, smilysharma1592@gmail.com

0073

Diagnostic value of CT‑based calculation 
of fractional flow reserve (CTFFR) in CAD patients 
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computed tomography
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Topic Imaging Technique

Purpose/Objectives Feasibility approach and comparison of 
diagnostic accuracy of fractional flow reserve from coronary 
computed tomographic angiography [CTFFR] acquired on 
a 128 slice scanner against diagnostic accuracy of coronary 
computed tomographic angiography (CCTA), invasive cath-
eter angiography (CA) and invasive fractional flow reserve 
[IFFR].
Methods and Materials This single centre retrospec-
tive analysis included 270 patients (80 female; mean age 
63.80 ± 10.39 years) with CCTA within 21 months. CTFFR 
values were obtained using a deep learning [DL] based 
non-commercial research prototype (cFFR Version 3.2.0; 
Siemens Healthineers), which allows on site CTFFR com-
putation with minimal interaction. The measurements were 
compared with invasive coronary angiography in 87/270 
patients and with invasive fractional flow reserve measure-
ment in 5/87 patients of these.
Results A total of 539 stenoses were detected (129 one-
vessel, 73 two-vessel and 68 with three-vessel CAD) in 
CCTA; of these, 81/539 (13.9%) were classified as mild, 
327/539 (61.8%) as moderate and 131/539 (24.3%) as high-
grade. Non-invasive CTFFR has so far been evaluated in 
75/270 patients (27.7%). The mean non-invasive CTFFR 
was 0.93 (range 0.33–0.99). In a total of 9 patients (3.3%), 
a relevant reduction in CTFFR below 0.75 was found. Per 
vessel sensitivity, specificity, PPV, NPV and accuracy of 
CTFFR were 0.63, 0.99, 0.94, 94.4 and 0.94, compared to 
invasive coronary angiography. Per vessel sensitivity, speci-
ficity, PPV, NPV and accuracy of CCTA were 0.92, 0.96, 
0.91, 0.96 and 0.95. The mean CTFFR processing time was 
10.13 min ± 2.83 min.
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Conclusion Non-invasive onsite quantification of CTFFR 
is feasible with minimal observer interaction in a routine 
real-world setting (consecutive patients with intermediate 
CAD risks scanned on a 128slice scanner without exclu-
sion criteria for CTFFR). Functional information obtained 
from CTFFR might be promising especially under new CAD 
guidelines. Innovative/novel DL based algorithms allow a 
robust and semi-automatic determination of CTFFR on data 
from standard CT scanners.
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Topic Imaging Technique

Purpose/Objectives Atrial fibrillation (AF) is the most com-
mon sustained cardiac arrhythmia. Clinical predictors such 
as persistent AF, increased left atrial volume and metabolic 
syndrome have been demonstrated to be associated with AF 
recurrence after ablation procedure (ATC). However, the 
impact of coronary heart disease (especially subclinical) and 
revascularization procedures on the outcome of rhythm con-
trol after ATC has not been extensively investigated. There-
fore, the purpose of the study is to retrospectively evaluate 
the incidence of subclinical CAD in a population of patients 
with Atrial Fibrillation, that underwent CT examination for 
left atrium and pulmonary veins assessment for ablation pro-
cedure planning.
Methods and Materials 173 patients that underwent CT 
for left atrium and pulmonary veins for ablation proce-
dure planning with post procedure clinical follow up were 
enrolled in the study. Patients were divided into 2 groups 
according to the history of coronary artery disease (CAD) 
(Group 1: known CAD / previous revascularization proce-
dure and Group 2: no history of CAD). CT exams of Group 
2 patients were retrospectively evaluated to assess the pres-
ence of subclinical CAD. The presence of atherosclerotic 
plaques was recorded for each coronary segment (according 
to the AHA 16 segments classification). No quantification of 
coronary stenosis was performed. The correlation between 
clinical / procedural outcome and AF recurrence in the two 
groups during a mean follow up time of about 3 years was 
compared.
Results 51 patients had known history of CAD (Group 1). 
122 pts out of 173 had no history of CAD (Group 2). In 
group 2 CT revision showed the presence of subclinical 
CAD in 71 pts (58%). Overall AF recurrency after ATC was 
recorded in 17 out of 51 patients of group 1 ( 33%) while 
in group 2 AF recurrency was observed in 58 out of 122 
patients (47%). 13 patients with CT evidence of CAD had 
no AF recurrency. Kaplan–Meier curves showed an higher 
AF recurrency rate in patients with subclinical CAD during 
a mean follow up period of 730 days (2 years) while not 
significant recurrency rate was observed in longer follow up 
with slighty higher recurrency rate in patients with known 
history of CAD.
Conclusion In conclusion, in patients without known history 
of CAD, prevalence of subclinical CAD was higher in those 
with AF recurrency and associated with less efficacy of abla-
tion procedure than those with sinus rhythm during follow 
up. To identify subclinical CAD before ATC has potential 
clinical indications for cardiac arrhythmia management.
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Topic Imaging Technique

Purpose/Objectives Advancements in transcatheter mitral 
and tricuspid valve repair have resulted in growing demands 
for pre-procedural imaging. Multidetector ECG-gated full 
cycle CT (MDCT) plays an increasing role for interventional 
planning in these patients as it is useful in annular evaluation 
and landing zone characterization. As both mitral and tri-
cuspid valves represent complex anatomical structures good 
image quality is key. With the introduction of MDCT and 
shorter acquisition times, optimal synchronization between 
the passage of contrast agent and data acquisition is manda-
tory. Additionally, heart failure and arrhythmias are common 
in these patients posing further challenges for CT imaging. 
Thus, precise acquisition timing is crucial for optimal con-
trast enhancement. There is no consensus on which acquisi-
tion technique should be used. We aimed to optimize our 
pre-procedural CT protocol comparing bolus tracking (BT) 
and test bolus (TB) techniques. To our knowledge, there is 
no publication that has examined these techniques in this 
patient population.
Methods and Materials We performed a retrospective 
analysis on n = 157 pre-procedural ECG-gated full-cycle CT 
scans (BT group n = 70; TB group n = 87) after a protocol 
change was made from BT to TB technique. Contrast-to-
noise (CNR) ratios were obtained by dividing density adja-
cent to the mitral or tricuspid valve by the density of air 

next to the patient. Demographic data, laboratory, ECG and 
TTE/TEE parameters were collected from electronic health 
records. Also, volume of contrast agent and saline chaser 
as well as radiation dose length product (DLP) and maS 
were collected. Between‐group comparisons were performed 
using a standard T-test, Mann–Whitney-U-Test or Fisher’s 
Exact test, as appropriate.
Results BT and TB resulted in comparable CNR (BT: 0.47 
(0.16–0.98); TB: 0.54 (0.11–1.40);p = 0.1). BT was associ-
ated with a shorter scan duration (BT: 8.1 (4.1–24.4); TB: 
13.8 (6.2–41.4);p < 0.001), less radiation in terms of DLP 
(BT: 1175 ± 588; TB: 1386 ± 675, p = 0.04) and lower total 
volume administration (BT: 101 ml (61–161); TB: 114 ml 
(70–150);p < 0.001). In a subset of patients with severely 
impaired ejection fraction (LVEF ≤ 35%; n = 44 (TB n = 26; 
BT n = 18) using the TB technique yielded significantly bet-
ter image quality in terms of CNR (TB: 0.55 (0.29–1.40); 
BT: 0.43 (0.16–0.69); p = 0.02).
Conclusion BT showed advantages in terms of shorter 
duration, less radiation and lower contrast agent volume. In 
patients with impaired LVEF (LVEF ≤ 35%), the TB tech-
nique yielded superior image quality and may be the pre-
ferred approach in this specific patient population.

References
Faggioni L, Gabelloni M, Accogli S, Angelillis M, Costa 
G, Spontoni P, et  al. Preprocedural planning of tran-
scatheter mitral valve interventions by multidetector CT: 
What the radiologist needs to know. Eur J Radiol Open. 
2018;5:131–40.
Blanke P, Naoum C, Webb J, Dvir D, Hahn RT, Grayburn P, 
et al. Multimodality Imaging in the Context of Transcatheter 
Mitral Valve Replacement: Establishing Consensus Among 
Modalities and Disciplines. Vol. 8. United States; 2015.
Scholtz J-E, Ghoshhajra B. Advances in cardiac CT contrast 
injection and acquisition protocols. Cardiovasc Diagn Ther. 
2017 Oct;7(5):439–51.
Prokop M. Multislice CT angiography. Eur J Radiol. 2000 
Nov;36(2):86–96.
Cademartiri F, Nieman K, van der Lugt A, Raaijmakers RH, 
Mollet N, Pattynama PMT, et al. Intravenous contrast mate-
rial administration at 16-detector row helical CT coronary 
angiography: test bolus versus bolus-tracking technique. 
Radiology. 2004 Dec;233(3):817–23.



3663The International Journal of Cardiovascular Imaging (2021) 37:3603–3667 

1 3

Image 1

Image 2

Presenter's first name and last name
Felix Escher

Presenter's city and country
Munich, Germany

Presenter's email address
felix.escher@med.uni-muenchen.de

0077

Criss‑cross heart with L‑TGA, DORV, Pulmonary 
Valve Stenosis, ASD, VSD and MAPCAs. Long term 
CMR assessment with after Fontan surgical repair
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mations, Physiology

Topic Special Focus

Purpose/Objectives Illustrate an extremely rare complex 
Congenital Heart Disease(CHD) surgically corrected 
with Fontan intervention assessed with Cardiac Magnetic 
Resonance(CMR) in a grown-up patient(GUCH), Criss-
Cross Heart(CCH) accounts for about 0,1% of congenital 
heart defects and in the context of dextrocardia is even 
rarer. Its often associated with other congenital malforma-
tions like hypoplasia of right ventricle(RV) and Tricuspid 
Valve(TV), Ventricular Septal Defect(VSD),Transposition 
of Great Arteries(TGA) or Double Outlet Right 
Ventricle(DORV) and Pulmonary Stenosis. Alterations 
of atrio-ventricular (AV) alignment and disharmonies 
between segmental situs and AV alignment are also possi-
ble. Less frequent anomalies are straddling of TV or Mitral 
Valve(MV), MV stenosis, sub-valvular aortic stenosis or 
aortic arch obstruction. We report a case of dextrocardia 
in situs solitus, with AV concordance, DORV, VSD and 
Atrial Septal Defect (ASD) in a L-Looped TGA, with sub-
pulmunary valvular stenosis. Major Aorto-Pulmonary Col-
lateral Arteries(MAPCAs) were also present in a 32 years 
old patient after early surgical repair.
Methods and Materials The patient was studied in our 
Radiologic Department to comprehensively assess his 
clinical situation with cardiac MRI after an incomplete 
echocardiographic examination constrained by unsatisfac-
tory acoustic window. CMR was performed with cine bal-
anced steady state free precession (b-SSFP) acquisition in 
2,3 and 4-chamber view, Right and Left Ventricle Outlets 
and Short Axis and 2-chamber stack on Right Ventricle to 
investigate volumes and ventricular kinesis. Phase contrast 
(PC) were performed to obtain flows. Contrast Enhanced 
Magnetic Resonance Angiography (CEMRA) demon-
strated vascular patency and 3D Whole Heart acquisitions 
showed such complex cardiovascular anatomy after Fontan 
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surgical repair. Late enhancement was assessed with Phase 
Sensitive Inversion Recovery (PSIR) sequences. The study 
was completed with 3D Volume Rendering (VR) and Mul-
tiplanar Reconstructions (MPR).
Results The examination demonstrates a quite good ejec-
tion fraction (EF = 54%), a mild hypertrophy of ventricular 
wall (105 g/m2). Occlusion of native pulmonary artery 
was recognized due to surgical ligation. A good patency 
of Fontan conduit and pulmonary arteries resulted at 
CEMRA acquisition. MAPCAs were present, justifying 
flow discrepancy between Fontan circulation and aorta 
(QP/QS of 0,8). Late gadolinium enhancement stripe was 
present on right ventricle anterior wall near aortic outlet.
Conclusion Cardiac MRI with image post processing 
offers a comprehensive tool to explore clinical situation in 
CHD, avoiding invasive diagnostic angiography to assess 
flows and QP/QS. 3D image post processing eventually 
completed with 3D printing helps Heart Team in deci-
sion making especially when facing surgical unsatisfactory 
result or complications.
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arteries

Topic Area of Interest

Purpose/Objectives Antisynthetase syndrome (ASS) is an 
autoimmune disease characterized by inflammatory myopa-
thy, interstitial lung disease, arthritis, mechanical hands and 
Raynaud phenomenon, among other features. Recent studies 
have shown that idiopathic inflammatory myopathies (IIM) 
may develop cardiac involvement, either ischemic (coronary 
artery disease) or inflammatory (myocarditis). There is an 
interest in knowing whether patients with the ASS may have 
silent myocardial interstitial involvement. New cardiac MR 
(CMR) mapping techniques may detect subclinical myocar-
dial involvement in the absence of visible late gadolinium 
enhancement (LGE), mainly as edema (increased extracel-
lular volume in the interstitium and extracellular matrix). 
Therefore, the purpose of this study was to identify altera-
tions in multiparametric cardiac MR in patients with ASS 
in the acute and chronic stage.
Methods and Materials In an ongoing study starting from 
2020, all patients diagnosed with ASS at the myositis unit 
of the Internal Medicine department undergo a CMR. The 
patients also received the standard clinical workup, inves-
tigation of specific and associated myositis antibodies and 
high-resolution chest CT (HRCT) for detecting lung and 
systemic involvement. The CMR protocol includes stand-
ard morphologic, functional and LGE sequences in car-
diac planes, as well as T1 and T2 mapping sequences with 
extracellular volume (ECV) calculation. Nineteen partici-
pants have been included to this date (42% men, mean age 
56.6 ± 11.4 years). The overall population had a mean dis-
ease evolution time from diagnosis of 6.10 y ± 7.13 years 
(range 2 months to 26 years). Two patients were in an acute 
stage at the time of inclusion (11%) and their mean disease 
evolution time was 4.5 months.
Results Six patients (32%) had an elevated myocardial T2 
value (> 50 ms), associated to elevation of the T1 value 
(> 1050 ms), increased ECV (> 30%) or both, in 1, 1 and 3 
cases, respectively. Patients in the acute stage showed a trend 
towards elevated T2 values (p = 0.09), and had the highest 
T2 values (58 and 60 ms, respectively). A mild isolated 
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elevation of the T1 value (1057 ms) was detected in a single 
patient in the chronic stage. No patients had segmental con-
traction alterations or ischemic LGE patterns, although two 
patients in a chronic stage (11%) had a mild reduction of left 
ventricle ejection fraction (both 55%).
Conclusion In this ongoing study, we present a series of 19 
patients with ASS who underwent cardiac MR with mapping 
sequences. We found subclinical myocardial involvement in 
patients with ASS in the acute as well as in the chronic stage, 
most frequently as elevation of myocardial T2 value with or 
without elevation of T1 value and ECV. Patients in the acute 
stage showed a tend towards elevated T2 values.
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