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The European Heart Journal—Cardiovascular Imaging was launched in 2012 and has during these years become one of the leading multimo-
dality cardiovascular imaging journal. The journal is now established as one of the top cardiovascular journals and is the most important
cardiovascular imaging journal in Europe. The most important studies published in our Journal from 2020 will be highlighted in two
reports. Part II will focus on valvular heart disease, heart failure, cardiomyopathies, and congenital heart disease. While Part I of the review
has focused on studies about myocardial function and risk prediction, myocardial ischaemia, and emerging techniques in cardiovascular
imaging.
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European Heart Journal—Cardiovascular Imaging has successfully con-
solidated as a multimodality journal during its first 9 years. It has now
an important role as a significant resource for cardiologists, specialists
in all imaging modalities, and other physicians working in the field of
cardiovascular imaging. European Heart Journal—Cardiovascular
Imaging has successfully consolidated as a multimodality journal and is
currently rated as number 20 out of 141 cardiovascular journals in
the World with an impressive impact factor of 6.875. The tradition of
highlighting the most important studies that were published in the
last year is continued.1,2 In two articles, we will summarize the most
important papers from the journal in 2020. Part I has just been pub-
lished. Part II will focus on cardiomyopathies, congenital heart dis-
eases, valvular heart diseases, and heart failure (HF).

Position papers and expert
consensus documents from the
European Association of
Cardiovascular Imaging

One important assignment of European Heart Journal—Cardiovascular
Imaging is to publish position papers, and expert consensus papers
from the European Association of Cardiovascular Imaging (EACVI).
The journal published recommendations and expert consensus
papers in the field of cardiac imaging and also the best research pre-
sented at our conferences in 2020. These papers are commented on
in more detail elsewhere in the two documents. The journal pub-
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lished important position and expert consensus papers in the field of
cardiac imaging.3–6 These papers are commented on in more detail
elsewhere in the two documents. The EACVI recommendations on
precautions, indications, prioritization, and protection for patients
and healthcare personnel during the ongoing pandemic was published
together with advises on the role of cardiovascular imaging for myo-
cardial injury in hospitalized COVID-19, and how to use lung ultra-
sound.7–9

The EACVI scientific initiatives committee published four interest-
ing surveys in 2020, including one on global evaluation of echocardi-
ography in patients with COVID-19.10–13 A new section on how to
do different imaging measures and the first ones were on left atrial
(LA) and right ventricular (RV) strain.14,15 The best research pre-
sented at our conferences in 2019 was also published.16–18

Cardiomyopathies

Several studies focused on the role of echocardiography to permit an
early diagnosis of cardiomyopathy either in probands or family
relatives.

Baudry et al. sought to evaluate the role of regional left ventricular
(LV) strain by two-dimensional (2D) echocardiography in sarcomeric
hypertrophic cardiomyopathy (HCM) mutation carriers before the
hypertrophic stage. They studied 79 adults [derivation cohort: 38
confirmed HCM patients with LV hypertrophy (LVHþ/Genþ), 20
mutation carriers without LVH (LVH-/Genþ), and 21 healthy con-
trols], and explored the accuracy of segmental strain values in a sep-
arate validation cohort (n = 61). They reported that only regional
longitudinal strain (LS), but not global strain, was significantly reduced
at the early stage of HCM before LVH. The suggested cut-offs were
<16.5% for basal anteroseptal segment and <0.76 for the ratio be-
tween basal inferoseptal and basal anterolateral segment.19

Jurlander et al. explored the diagnostic yield of family screening in a
retrospective analysis of 286 consecutive family relatives of patients
affected by arrhythmogenic cardiomyopathy (AC). They diagnosed
7% with definite and 27% with borderline AC according to the 2010
Task Force criteria. Imaging criteria were less sensitive than electrical
abnormalities detected with 12-lead electrocardiogram (ECG),
signal-averaged ECG, and Holter monitoring. Only six (2.1%) rela-
tives fulfilled a cardiac magnetic resonance (cMR) diagnostic criterion
and one relative fulfilled an echocardiographic criterion.20

Early diagnosis of cardiac involvement is a key aspect in AL
amyloidosis to improve patient prognosis. Nicol et al. proposed a
diagnostic score including (i) global LS (GLS) >_-17% (1 point); (ii)
apical/(basal þ median) LS >_0.90 (1 point), and (iii) troponin T
>35 ng/L (1 point). In a derivation cohort of 114 patients, a score
>1 was associated with sensitivity of 94% and specificity of 97%,
with an area under the curve (AUC) of 0.98. They also tested this
score on a separate validation cohort of 73 AL amyloid patients
and the area under the receiver operating characteristic curve
was 0.97 (95% CI 0.90–0.99), suggesting a very high accuracy for
diagnosing cardiac involvement in AL amyloid patients. Notably,
compared to 76% of patients classified as having cardiac involve-
ment using consensus criteria, this simple score enabled them to
classify correctly 90% of patients.21

Brand et al. used LA strain parameters and regional LV strain alter-
ations (LV relative apical sparing) to evaluate 54 patients with cardiac
amyloidosis and other diseases leading to increased LV wall thickness.
They found that LA reservoir strain had a higher diagnostic accuracy
than LV relative apical sparing (AUC 0.91 vs. 0.74, respectively).
These results indicate that the integration of LA strain analysis into
the routine echocardiographic assessment might help to rule in the
possible diagnosis of cardiac amyloidosis in patients with unexplained
LV ‘hypertrophy’.22

Clemmensen et al. evaluated the prognostic implications of LV
myocardial work indices in cardiac amyloidosis. They studied 100 car-
diac amyloidosis patients for MACE and all-cause mortality at median
follow-up of 490 days. They reported that LV myocardial work eval-
uated non-invasively by pressure–strain analysis may be of clinical
value, as both LV myocardial work index (LVMWI) and apical-to-
basal segmental work ratio predicted MACE and all-cause mortality.
Combination of LVMWI with the apical-to-basal segmental work
ratio allowed to obtain a strong model to predict MACE and mortal-
ity in cardiac amyloidosis patients.23

In sarcoidosis patients, detection of cardiac involvement at an early
stage allows the introduction of anti-inflammatory or cardiac device
therapy that can reduce the risk of cardiac dysfunction and sudden
death. Kusunose et al. evaluated the ventricular function in 139
patients with confirmed sarcoidosis and 52 age- and gender-matched
control subjects using speckle-tracking echocardiography (STE).
They found that impairment in both basal LV and RV free wall LS
(FWLS) was associated with worse outcome, including cardiac death
or development of cardiac involvement.24

Jurcuţ et al.25 collected the latest evidence on multimodality imag-
ing of patients with suspected or confirmed cardiac amyloidosis and
provided an excellent review of the role of various techniques pre-
sented in an effective and practical manner.

In ischaemic cardiomyopathy, the extent of LV scar burden is
known to hold prognostic implications. Abou et al. evaluated the as-
sociation between LV mechanical dispersion (MD) and scar burden
by late gadolinium enhancement cMR (LGE cMR) in a retrospective
analysis of 96 patients after ST elevation myocardial infarction
(STEMI). They showed that LV MD is associated with scar burden in-
farct core, and border zone in STEMI patients. A prolonged LV MD
>53.5 ms was correlated with higher event rates and provided the
highest predictive value for the combined endpoint (all-cause mortal-
ity and appropriate implantable cardioverter-defibrillator therapy)
when compared with other echocardiographic and LGE cMR-derived
parameters.26

LV fibrosis is a major factor in HCM prognostication, being associ-
ated with higher risk of sudden cardiac death and progression to
burn-out HCM form. Pagourelias et al. reported for the first time a
comparison of the diagnostic utility of 2D vs. three-dimensional (3D)
LV deformation parameters to predict the fibrosis burden at LGE
cMR in 40 patients with HCM and 15 patients with LVH due to
hypertension. There was only a modest correlation between 2D and
3D strain parameters, and 2D peak segmental LS was the best strain
parameter for tissue characterization and fibrosis detection in HCM
patients.27

In dilated cardiomyopathy, Hooks et al. evaluated the characteris-
tics, predictors, and clinical outcomes of a large cohort of patients
with LV thrombus detected on LGE cMR. They compared 48 patients
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.
with DCM and LV thrombus with 124 patients with ischaemic cardio-
myopathy and 144 patients with DCM without thrombus. They iden-
tified as LV ejection fraction (EF) LGE presence and extent as
independent predictors of thrombus in DCM. Compared with
patients with LV thrombus in ICM, those with LV thrombus in non is-
chemic cardiomyopathy (NICM) had a 10-fold higher prevalence of
thrombi in other cardiac chambers. The 12-month incidence of em-
bolism associated with LV thrombus was not different between
NICM and ICM but both were higher compared with no LV throm-
bus in NICM. Finally, the performance of echocardiography for the
detection of LV thrombus was not different between NICM and
ICM.28 Also in DCM, Xu et al. (PMID: 32658979) proposed a remod-
elling index defined as the cubic root of the LV end-diastolic volume
divided by the mean LV wall thickness on basal short-axis slice to re-
flect LV wall stress according to Laplace’s law and evaluated the prog-
nostic value in 412 patients. Cox regression showed that this
remodelling index, LGE presence, and log (N-terminal pro-B-type
natriuretic peptide) were independent predictors of the primary end-
point of overall mortality and heart transplantation while the index
and extracellular volume were independent predictors of the sec-
ondary endpoint adding HF hospitalization. The addition of remodel-
ling index (RI) to LVEF and LGE presence showed significantly
improved global prediction of primary and secondary endpoints.
Furthermore, RI derived from echocardiography also showed inde-
pendent prognostic value for primary and secondary endpoints with
clinical risk factors.29 Another study by Putko et al. pointed to the im-
portant role of LA remodelling by cMR in HF. In 86 patients with
Class C HF in the Alberta Heart Failure Etiology and Analysis
Research (HEART) project, LA volume was negatively correlated
with LVEF and positively correlated with LV mass in HF and reduced
EF (HFrEF) but not in HFpEF. LA volume at end-diastole was associ-
ated with the composite endpoint in HFrEF but not HFpEF. This sup-
ports the hypothesis that the pathophysiologic underpinnings of
HFpEF and HFrEF are different, and atrial remodelling encompasses
distinct components for each HF subtype.30

In apical hypertrophic cardiomyopathy, Yang et al. used cMR to
evaluate 1332 consecutive patients for LV apical aneurysms. They
found such aneurysm in 2.3% of their population. Compared with ap-
ical hypertrophy patients without LV aneurysm, the proportion of
systolic mid-cavity obstruction and LGE presence, and the LGE ex-
tent in apical HCM (ApHCM) patients with LVAA were significantly
higher. Kaplan–Meier curves showed that the event-free survival rate
in ApHCM patients with LVAA was significantly lower than that in ap-
ical hypertrophy patients without LV aneurysms. This suggests that
although rate, this condition, which is often missed by echocardiog-
raphy can be reliably detected with cMR and is associated with a
higher risk of adverse cardiovascular events compared with apical
hypertrophy without LV apical aneuvrysm.31 Augusto et al. per-
formed comprehensive cMR with stress perfusion to evaluate the
myocardial phenotype of 114 patients with Fabry disease pre-
hypertrophy and pre-detectable storage. In pre-hypertrophic Fabry
disease, a low T1 was associated with a constellation of ECG and
functional abnormalities compared to normal T1 FD patients and
controls. However, pre-hypertrophic Fabry disease patients with
normal T1 also had abnormalities compared to controls: i.e. reduced
GLS, lower microvascular changes as lower stress perfusion, subtle
T2 elevation, and limited LGE. ECG abnormalities included shorter

P-wave duration and T-wave peak time compared to controls. This
supports a pre-LVH, pre-detectable storage phase of cardiac involve-
ment in Fabry disease characterized by subtle abnormalities of micro-
vascular dysfunction, impaired LV mechanics, and altered atrial
depolarization and ventricular repolarization intervals.32

Spath et al. evaluated a proof of concept study of Mg-enhanced
cMR to evaluate calcium handling in dilated and hypertrophic cardio-
myopathy. Manganese behaves as an analogue of calcium and is rapid-
ly taken up by viable myocardium. Dynamic T1 mapping was
performed before and every 2.5 min after IV injection of manganese
dipyridoxyl diphosphate and the unidirectional influx constant Ki was
determined in 17 patients with hypertrophic cardiomyopathy 10 with
non-ischaemic dilated cardiomyopathy and 20 controls. In patients
with dilated cardiomyopathy, manganese uptake rate correlated with
LVEF. Rate of myocardial manganese uptake demonstrated stepwise
reductions across healthy myocardium, hypertrophic cardiomyop-
athy without fibrosis, and hypertrophic cardiomyopathy with fibrosis
providing absolute discrimination between the healthy myocardium
and fibrosed myocardium33 (Figure 1).

Heart failure

In HF patients, LV GLS by 2D STE has a greater prognostic value than
LVEF. Hwang et al. developed a mortality risk prediction model incor-
porating LV GLS in 1859 patients with acute HF retrospectively ana-
lysed from two centres (derivation cohort) and validated the model
in 1389 patients from one centre (validation cohort). The model
including clinical parameters [age, diabetes, body mass index, diastolic
blood pressure, glomerular filtration rate, natriuretic peptide, and fail-
ure to prescribe beta-blockers and Renin angiotensin system (RAS)
blockers] and LV GLS provided reliable prediction of the 2-year risk
of mortality, suggesting its potential clinical usefulness in patients
admitted for acute HF. The risk prediction model showed good per-
formance not only in patients with HFrEF, but also in those with
HFmrEF and HFpEF.34

Increased LV MD by 2D STE predicts ventricular arrhythmias in
HF. Data from a prospective population-based cohort consisting of
2529 middle-aged subjects in Akershus County, Norway by Aagaard
et al.35 showed that coronary artery disease and hypertension were
the strongest determinants of increased MD by STE. LV systolic and
diastolic dysfunctions were also associated with increasing MD, albeit
their relationship was weaker.

Blood biomarkers represent an easily accessible and rapid tool for
HF diagnosis and prognosis. Klimczak-Tomaniak et al. looked at the
relationship of the temporal changes of biomarkers and of echocar-
diographic parameters in 117 chronic HF patients with EF <_50%.
Among NT-proBNP, Hs-TnT, and CRP, only serial measurements of
NT-proBNP independently reflected the changes in echocardio-
graphic parameters of systolic function, LV filling pressures, estimated
pulmonary pressure, and chamber dimensions. Notably, NT-proBNP
appeared to reflect both disease progression on long term (e.g. grad-
ual LVEF impairment, progressive chamber dilation) and more rapidly
occurring haemodynamic changes (e.g. elevation in LV filling
pressures).36

Detection of HF in a subclinical stage in patients at risk is highly de-
sirable. Nishi et al. prospectively enrolled 161 asymptomatic patients
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..with type 2 diabetes mellitus (DM) evaluated with echocardiography
at rest and with exercise. They reported that diastolic stress testing
improved the detection of subclinical HF in patients with type 2 DM,
with diastolic dysfunction revealed with exercise in 16% of these
patients. Moreover, diastolic stress could delineate the mechanisms
of exercise limitations in patients with DM.37

Ross et al. reported that septal contraction patterns revealed by
STE are an excellent predictor of acute CRT response. They eval-
uated 39 CRT candidates grouped according to the presence or ab-
sence of septal dyssynchrony and evaluated the acute CRT response
defined as >_10% increase in LV dP/dtmax by invasive measurements,
as well as positive changes in end-diastolic pressure and QRS width.
Only CRT patients showing premature septal contraction by STE
experienced acute systolic, diastolic, and electrical improvement
under biventricular pacing.38

End-stage HF patients with LV assist device (LVAD) represent a
challenge for transthoracic echocardiography, because of the exten-
sive anatomic changes after device implantation and the interposition
of hard implanted materials. Strachinaru et al. described a novel
method to image difficult-to-scan LVAD patients using transhepatic
echocardiography by right intercostal approach, allowing to obtain a
four-chamber view. In 15 LVAD patients with very poor acoustic
window, the transhepatic intercostal window was feasible in all
patients, with good visualization of structures in 93%. This resulted in
a higher rate of precise quantification of LV and RV function and of
Doppler evaluation of LVAD inflow cannula.39

The prognostic role of RV strain to predict the risk for first hospi-
talization for HF and death of any cause was demonstrated by
Gavazzoni et al. in 458 asymptomatic patients with left-sided heart
diseases. RV FWLS was able to predict outcome (best cut-off value
-22%: AUC 0.677; sensitivity 70%; 65% specificity) and its prognostic
value was maintained also in the subgroup of patients with normal
TAPSE.40

Muraru et al. demonstrated that RVEF by 3D echocardiography
holds an independent and superior prognostic value than conven-
tional parameters of RV systolic function (e.g. TAPSE and fractional
area change). In 412 consecutive patients with various heart diseases
followed for 3.7 ± 1.4 years (derivation cohort), they identified the
partition values to define mild/moderate/severe RV dysfunction
based on patient outcome. The partition values of 45%, 40%, and
30%, respectively, were validated in a separate cohort of 446 patients
from a different centre, confirming the role of 3D RVEF to stratify the
risk of cardiac death and Major adverse cardiac events (MACE)
(Figure 2).41

Nuclear cardiology has a great role in the evaluation of the
Morpho-metabolic post-surgical patterns of infected and non-
infected prosthetic heart valves (PVs). Roque and Coll evaluated a
series of 37 post-operative patients to define characteristic positron
emission tomography/computed tomography angiography (CTA)
patterns of Fluorodesoxyglucose (FDG) uptake and anatomic
changes following PVs implantation over time, in order to help not to
misdiagnose post-operative inflammation and avoid false-positive

Figure 1 Prognostic validation of partition values to grade right ventricular dysfunction severity. Kaplan–Meier estimates of survival to cardiac
death (right panel), freedom from Major adverse cardiac events (MACE) and survival to all-cause mortality in the validation cohort using the new par-
tition values to grade the severity of right ventricular dysfunction.
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.cases. The authors concluded that FDG uptake, often seen in recent-
ly implanted PVs, shows a characteristic pattern of post-operative in-
flammation and, in the absence of associated anatomic lesions, could
be considered a normal finding. These features remain stable for at
least 1 year after surgery, so questioning the recommended 3-month
safety period, demonstrating that in patients with suspected
infection of PVs, nuclear cardiology can be of help in the clinical
management.42

Another interesting use of computed tomography (CT) in HF
patients has been shown by Colin and Coll. The authors evaluated
the relationships between pulmonary transit time (PTT), cardiac
function, and pulmonary haemodynamics in 57 patients with HFrEF
and explored how PTT performs in detecting pulmonary hyperten-
sion (PH). The authors concluded that PTT correlates with cardiac
function and pulmonary haemodynamics is determined by four inde-
pendent parameters [pulmonary artery wedge pressure, cardiac
index, mitral regurgitation (MR) grade, and RV end-diastolic volume]
and performs well in detecting PH.43

Congenital heart disease

Moceri et al. prospectively evaluated adolescents and adults with
atrial septal defect (ASD, n = 27) and tetralogy of Fallot (TOF, n = 28)
with chronic pulmonic regurgitation. A rigorous examination of the

right ventricle, including local and global 3D deformation and curva-
ture analyses showed that chronic RV volume loading results in simi-
lar RV shape remodelling in both ASD and TOF patients. However,
TOF patients have more hypertrophic RV, reduced systolic function,
and strain as compared to ASD patients in whom both longitudinal
and circumferential strains are preserved. The conclusion was that
left-to-right atrial shunt and pulmonic regurgitation are responsible
for different types of RV remodelling.44

Gupta et al. investigated the anatomy of a common arterial trunk, a
rare cardiac malformation, in a series of 70 patients to clarify anatom-
ic variations with the use of echocardiography and multidetector
computed tomography (MDCT). The study shed light on different
components of this complex congenital lesion including truncal valvar
morphology, pulmonary circulation, pulmonary stenosis, coronary
circulation, aortic arch and arch vessels, and other associated anoma-
lies such as ASD. A wide variability in the arrangement of the pulmon-
ary and coronary arterial components was reported. Aortic
dominance was common. These morphological findings have import-
ant implications for individualized management of the patients.45

Rodriguez-Granillo et al. addressed the impact of pectus excava-
tum on cardiac morphology and function, according to the site of
maximum compression, using multimodality imaging. Patients with
compression affecting the right ventricle and atrioventricular block
(AV) groove manifested exercise symptoms; stress-related signs of
diastolic dysfunction and/or increased transtricuspid gradient; systolic

Figure 2 Late gadolinium-enhanced, native T1 and manganese-enhanced magnetic resonance imaging in healthy volunteers and patients with non-
ischaemic cardiomyopathy. Representative late gadolinium enhancement, native and manganese-enhanced magnetic resonance imaging T1 mapping
in (A) healthy volunteer, (B) patient with dilated cardiomyopathy, and (C) patient with hypertrophic cardiomyopathy following manganese dipyridoxyl
diphosphate infusion.
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..dysfunction; inspiratory septal flattening; and/or mild pericardial effu-
sion. The extent of these alterations was related to the site of max-
imum compression over the right heart cavities. These data are of
added value to critical thresholds for surgical correction.46

Valvular heart disease

Mitral regurgitation
Ikenaga et al. investigated morphological changes that are leading to
repeat interventions for recurrent MR after initial MitraClip proce-
dures, by using 3D transoesophageal echocardiography. Worsening
prolapse at the clip site was the most frequent cause of recurrent MR
among primary MR patients followed by leaflet tear at the clip site. In
secondary MR, the progression of LV remodelling with increasing
leaflet tenting was the most frequent cause of recurrence. Number
of clips was not predictor. Meanwhile device detachment was
observed more frequently in patients with primary MR47 (Figure 3).

Recent studies showed that after implantation of a semi-rigid ring
with a fixed orifice functional mitral valve area (MVA) is dynamic dur-
ing exercise in association with diastolic anterior leaflet tethering.

Accordingly, Petrus et al. assessed exercise haemodynamics after re-
strictive mitral annuloplasty for functional MR in patients (n = 32)
who received smallest ring sizes available (no 24 and 26). MVA
decreased, instead of increasing in 7 out of 32 patients during exer-
cise. This was associated with a higher increase in mean pulmonary
artery pressure with respect to cardiac output, absence of LV reverse
remodelling, and worse survival even in the absence of recurrent
MR.48

Bartko et al. casted the assessment of functional regurgitant lesions
in the failing heart as an outcome predictor. They studied 414
patients with 5-year follow-up for all-cause mortality. The sum of mi-
tral and tricuspid regurgitant volume of >_50 mL/beat was associated
with more remodelling and steadily increasing risk of mortality after
this threshold, suggesting a transition from HF to valvular-driven HF
progression. These data arise the question whether two moderate
lesions should be treated considering the advances in low-risk trans-
catheter repair techniques.49

Gavazzoni et al.50 published a comprehensive review elaborating
on the treatment strategies of complex and challenging mitral valve
lesions by MitraClip where they described special considerations for
echocardiographic guidance.

Figure 3 TOE images of recurrent MR derived from worsening prolapse without a leaflet tear. (A) Pre-MitraClip. Red arrows indicate severe pro-
lapse of P3 segment. (B) Post-MitraClip. White arrow indicates implanted clip. After one clip was implanted on A3–P3 segment, the grade of MR was
reduced from severe to mild. (C) Repeat intervention. One clip was attached. However, prolapse on P2–P3 segment was worsening (red arrow in A–
C). Yellow arrow indicates leaflet/clip connection (D). Ao, aortic valve; LA, left atrium; LV, left ventricle; MR, mitral regurgitation; TOE, transoesopha-
geal echocardiography.
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Aortic valve
Kebed et al. revisited echo criteria for the classification of severe aor-
tic stenosis (AS) in a retrospective cohort of 916 patients. They
showed that the constellation of aortic valve area (AVA) <1 cm2,
Vmax >_4 m/s, or DP >_40 mmHg for severe AS is internally inconsist-
ent in �30% of cases even in the setting of normal LV systolic func-
tion. The investigators demonstrated race and gender-related
differences in AS progression and provided alternative cut-offs: AVA
= 1 cm2 corresponded to mean gradient of 32 mmHg and Vmax =
3.7 m/s, while mean gradient of 40 mmHg corresponded to AVA =
0.89 cm2.51

Shen et al. studied the aortic valve phenotype on haemodynamic
and anatomic progression of AS in 141 participants with mild to mod-
erate AS, (32 with bicuspid aortic valve; BAV, 109 with tricuspid aor-
tic valve; TAV) over 2 years. Echo Doppler was used for
haemodynamic assessment and CT for aortic valve calcification
(AVC). After adjustment for age, baseline stenosis severity, and sev-
eral risk factors (i.e. sex, history of hypertension, creatinine level, dia-
betes, metabolic syndrome), BAV was independently associated with
faster anatomic and haemodynamic progression and higher risk of
AVR or death, when compared with TAV. In subjects with TAV, pro-
gression of AS was mainly driven by cardiometabolic risk factors,
whereas in BAV subjects, genetic predisposition and abnormal valve
morphology appeared to have an independent contribution to AS
progression.52

Kong et al. evaluated the proportion and prognostic value of
impaired LV GLS in 513 patients with BAV and preserved EF. LV GLS
-13.6% was an event predictor (mainly aortic valve replacement) in-
dependently of type and severity of valve dysfunction. These data are
consolidating the existing body of evidence on the importance of
GLS for risk stratification.53 Furthermore, Ilardi et al. showed that
endocardial strain outperformed other layers in a layer-specific ap-
proach, to predict cardiovascular death, particularly in symptomatic
patients. Notably, the best endocardial strain value associated with
outcome was -20.6%, yet with moderate accuracy.54

Vollema et al. showed the incremental value of LV GLS on top of
the proposed staging classification of cardiac damage in 616 patients
with severe AS. LV GLS was divided by quintiles and assigned to the
different stages. The endpoint was all-cause mortality. Over a median
follow-up of 44 (24–89) months, 234 (38%) patients died.
Incorporation of LV GLS by quintiles in novel proposed staging classi-
fication resulted in refinement of risk stratification by identifying
patients with more advanced cardiac damage, improved the prognos-
tic value of the originally proposed staging classification.55

Given the limitations of EF, research for better defining LV function
has been focused not only on GLS but also on diastolic indices.
Anand et al. investigated LV diastolic stiffness in patients with severe
AS undergoing AVR. By a retrospective non-invasive assessment
including 1893 patients, they were able to show that the association
of LV chamber stiffening with mortality was present for each grade of
diastolic dysfunction in both preserved and reduced EF subsets.56

Kellermair et al. studied high molecular weight von Willebrand
Factor deficiency as a rapid shear flow sensor to help the diagnosis of
true stenotic low-flow/low-gradient (LF/LG) AS. The multimer defi-
ciency correlates with transvalvular gradients and wall shear stress.
Therefore, multimer deficiency occurred in patients having true-

severe LF/LG AS and contractile reserve but not those having pseudo
severe LF/LG AS. In 30% of patients, further diagnostic testing could
be avoided with the help of a multimeric pattern. Multimer deficiency
can complement indeterminate dobutamine stress echo results and
help to reduce further testing.57

The integration of energy loss index (ELI) to circumvent the impact
of pressure recovery on miscalculation of AVA by the continuity
equation was tested in two clinical studies: Altes et al. tested the use
of ELI in patients with LG severe AS with preserved LVEF. Almost
40% of patients were reclassified as having moderate AS by ELI: aortic
valve area indexed (AVAi) <0.6 cm2/m2 but an ELI >0.6 cm2/m2.
Reclassification as moderate AS by ELI was associated with reduced
need for surgery and reduced rate of mortality during follow-up com-
pared with patients who were not reclassified. Hence, these results
support the potential interest of calculating ELI in routine practice in
patients with discordant measurements for severe AS and preserved
LVEF.58 In another study, Holy et al. retrospectively included 197
patients undergoing TAVI. The authors used a fused method incorpo-
rating MDCT derived planimetric areas of sinotubular junction and
LV outflow tract (LVOT) with TTE Doppler measurements to esti-
mate AVAi and ELI. Although the circular anatomy of the sinotubular
junction yielded similar area measurements with TTE and MDCT,
LVOT area driven from diameter by TTE consistently underesti-
mated the LVOT planimeteric area by MDCT. Planimetered area for
LVOT was used in the calculation of fusion ELI. Forty-three percent
of patients initially diagnosed with severe AS were reclassified to
moderate AS. Of note, reclassification occurred mostly in patients
categorized as normal-flow LG AS. TAVI resulted in a similar func-
tional improvement of both reclassified patients and those with true-
severe AS. The reclassified group displayed lower rates of all-cause
mortality at 3-year follow-up, suggesting that TAVI may be a valuable
therapeutic strategy also in symptomatic patients with moderate or
borderline moderate-to-severe AS.59

EACVI scientific initiatives committee led a survey on the evalu-
ation of AS that shedded light on how the new guidelines are imple-
mented across Europe from the perspective of the use and access of
advanced imaging techniques in AS.12

Regarding possible risk factors that can impact on AVC,
Sønderskov and Coll aimed to clarify if patients on vitamin K antagon-
ist (VKA) treatment, the most frequently prescribed anticoagulant
worldwide, have increased AVC score compared with patients
treated with the new oral anticoagulants (NOAC) and patients who
never treated with VKA or NOAC. The final population consisted of
14 604 participants (67.4 years, 95% men) of whom 873 had been
treated with VKA and 602 with NOAC. The results were consistent
in sensitivity analyses excluding patients with known cardiovascular
disease and statin users. Compared to no treatment with anticoagu-
lants, VKA use was associated with increased AVC score, while a
similar association could not be established for NOAC.60

Also in valvular heart disease Postigo et al. compared the clinical
efficacity of echocardiography and cMR in 263 consecutive patients
with isolated aortic regurgitation undergoing both tests to reach a
primary endpoint of HF or valve surgery. cMR-derived regurgitant
fraction and LV end-diastolic volume adequately stratified patients
with normal EF and adjusted survival models based on cMR improved
the predictions of the primary endpoint based on echocardiography
with significant reclassification index.61
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Prosthetic valves
Vriesendorp et al. tested whether projected prosthesis–patient mis-
match (PPM) derived from indexed effective orifice area (EOAi)
charts, accurately predict measured PPM, in the population (n = 996)
derived from the PERIcarial SurGical Aortic Valve ReplacemeNT
(PERIGON) Pivotal Trial. Measured EOA plotted against projected
EOAi showed a weak correlation (r = 0.53) and low specificity (37%)
to predict PPM. The use of an EOAi chart led to the incorrect predic-
tion of PPM in 22% of the patients, the rate of misclassification
increased to 45% for the valve size 19 mm, whereas the inaccuracy
was 9% for the valve size 27 mm. This misclassification questions the
use of EOAi reference charts for valve selection, for decision-making
about annular enlargement before valve implantation and finally for
examining the effect of PPM on the outcome. The authors recom-
mended the use of measured instead of projected EOAi to study the
impact of PPM on outcomes.62

Winter et al. studied the evolution of concomitant secondary mi-
tral and tricuspid regurgitation after transcatheter aortic valve re-
placement (TAVR) in prospectively enrolled 429 consecutive
patients by echo on a yearly basis after TAVR. Severe secondary MR
regressed in 59% whereas secondary tricuspid regurgitation (TR)
regressed in 43% of patients. Persistence of atrioventricular
regurgitations was associated with excess long-term mortality,
whereas post-TAVR reduction of atrioventricular regurgitation
resulted in mortality rates comparable to those seen in patients with-
out concomitant secondary regurgitation. Of note, rheumatic and
myxomatous valve diseases were excluded. The results suggest early
staged reintervention for the concomitant valvular lesions in case of
persistence to mitigate excess mortality risk.63

Okuno et al. showed that isolated severe mitral annular calcifica-
tion (MAC) in the absence of mitral valve disease (MVD) has no ef-
fect on clinical outcomes following TAVR in patients with preserved
mitral valve function. Yet, patients with MVD had an increased risk of
death at 1 year irrespective of MAC.64

Stella et al. published their large experience on the intra-
procedural monitoring protocol using routine TTE with backup TOE
for TAVR. They showed that TTE does not cause delays in diagnosing
complications and reliably detects paravalvular leaks. Omitting TOE
as a continuous imaging tool during TAVR, and adopting TTE with
conscious sedation does not seem to affect procedural success in
experienced centres.65

In valvular heart disease, the important role of cMR RV function as-
sessment was demonstrated by a study by Koschutnik et al. who
compared the prognostic value of RV parameters by echocardiog-
raphy [Tricuspid annular plane systolic excursion (TAPSE), Fractional
area change (FAC), RV free wall Doppler S0, and strain) vs. RVEF by
cMR in 204 patients undergoing TAVR for AS. All RV function param-
eters were found to be associated with NT-proBNP levels, but only
FAC and RVEF were significantly associated with a prolonged in-
hospital stay. Patients were followed over a mean of 13 months for
death or hospitalization for HF. After adjustment for the
EuroSCORE II, only cMR-derived RVEF was significantly associated
with the composite endpoint. In contrast, RVD dysfunction as defined
by echocardiography failed to predict outcomes after adjustment for
pre-existing clinical risk factors in TAVR patients.66

The detection of cardiac valvular calcification on routine imaging
may provide an opportunity to identify individuals at increased risk
for peripheral artery disease (PAD). Garg and Coll investigated the
associations of AVC and MAC (MAC) with risk of developing clinical
PAD or a low ankle–brachial index (ABI). AVC and MAC were meas-
ured on cardiac CT in 6778 Multi-Ethnic Study of Atherosclerosis
participants without baseline PAD. There were 117 clinical PAD and
198 low ABI events that occurred over a median follow-up of 14 and
9.2 years, respectively. The authors concluded that MAC is associ-
ated with an increased risk of developing clinical PAD, even if future
studies are needed to corroborate these findings.67

Tricuspid regurgitation

Chorin et al. evaluated the impact of TR severity on HF hospitaliza-
tion and mortality in a retrospective study by semi-quantitative analy-
ses from consecutive echocardiograms (n = 33 305). Any degree of
TR (1-year mortality rates 7.7%, 16.8%, 29.5%, and 45.6% in no, mild,
moderate, and severe TR, respectively) was associated with adverse
clinical outcome after adjusting for age, sex, LVEF, other heart valve
diseases, or PH. The study supports an aggressive approach to treat-
ment of secondary TR.68

In another retrospective study including 676 patients with
all-cause TR, Peri et al. showed that quantitative assessment of TR by
effective regurgitant orifice area measurement is a powerful independ-
ent predictor of outcome, superior to standard qualitative assessment.
Torrential TR with effective orifice area >0.7 cm2 was associated with
poorer survival than severe TR (>0.4cm2) in support of another
threshold for extreme risk (torrential/massive TR) in TR grading.69

Ortiz-Leon et al. used a novel automated dedicated tricuspid valve
(TV) software and compared TV geometry in groups having AF only,
AF associated with left heart disease vs. controls. Inter- and
intra-observer variabilities showed strong agreement for all tricuspid an-
nulus (TA) measurements except for TA end-diastolic minimum diam-
eter. The study added another important contribution to the body of
knowledge by showing that AF is associated with right atrial and TA
remodelling independently from left heart disease. The study also
showed the feasibility and accuracy of a new software for measuring
and defining 3D anatomy of TV, annulus, and right heart chambers.70

Utsunomiya et al. showed that right heart remodelling and TV
geometry differ between atrial and ventricular functional TR. In atrial
functional TR, geometric changes of the TA depend on right atrial en-
largement; whereas geometric changes of the tricuspid leaflets mainly
depend on relative positional relationship between each papillary
muscle tip and the centre of TA. In contrast, ventricular functional TR
is determined by leaflet tethering and tenting linked to RV spherical
deformation. Torrential atrial functional TR on the other hand is
characterized by significant tethering on top of prominent annular
dilatation and large gap between the leaflet edges. These findings
have therapeutic implications.71

Emerging techniques

One of the major strengths of cMR is its ability to assess multiple
parameters, such as cardiac function, inflammation, and oedema
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through T1 and T2 imaging and mapping and injury through LGE.
Galea et al.72 proposed a combined cardiothoracic magnetic reson-
ance imaging protocol, that could provide a ‘one stop-shop’ evalu-
ation of cardiovascular structures, lung parenchyma, and pulmonary
arterial tree, in COVID-19 patients with progressive worsening of
clinical conditions and/or suspicion of acute-onset myocardial
inflammation.

Finally, several studies proposed new cMR techniques. Larsen et al.
evaluated the feasibility of the estimation of regional myocardial work
from strain by feature tracking cardiac magnetic resonance and non-
invasive LV pressure estimation in 37 HF patients with reduced EF,
and left bundle branch block and 9 controls. In left bundle branch
block, segmental work was reduced in septum relative to lateral
work, whereas it was homogeneous in controls. Segmental cMR-
derived work correlated with segmental STE-derived work and with
energy demand as reflected in segmental FDG uptake. These results
suggest that FT-cMR in combination with non-invasive left ventricular
pressure (LVP) is a relevant clinical tool to measure regional myocar-
dial work.73 Bhuva et al. proposed combining cMR phase contrast
and brachial suprasystolic wave oscillometry to perform wave inten-
sity analysis in the aorta and to evaluate ventriculoarterial coupling.
The temporal resolution was sufficiently high to demonstrated ageing
and female sex was independently associated with decreased forward
compression wave (FCW) energy and an increased proportion of
wave reflection, suggesting a less energy efficient cardiovascular
system.74

Conflict of interest: none declared.
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