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The multi-modality cardiovascular imaging journal, European Heart Journal—Cardiovascular Imaging, was created in
2012. It has gained an impressive impact factor of 5.99 during its first 5 years and is now the most important imag-
ing journal in Europe. The most important studies from the journal’s fourth and fifth years will be highlighted in
two reports. Part I of the review will focus on studies in myocardial function, myocardial ischaemia, and emerging
techniques in cardiovascular imaging and Part II will focus on valvular heart diseases, heart failure, cardiomyopathies,
and congenital heart diseases.

...................................................................................................................................................................................................
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Introduction

European Heart Journal—Cardiovascular Imaging has successfully con-
solidated as a multi-modality journal during its first 5 years. The jour-
nal 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. The tradition of high-
lighting the most important studies that were published in the last
year is continued.1,2 In two articles, we will summarize the most im-
portant articles from the journal in 2015 and 2016. Part II will focus
on cardiomyopathies, congenital heart diseases, valvular heart dis-
eases, and heart failure (HF).

Recommendations from the
European Association of
Cardiovascular Imaging

One important assignment of European Heart Journal—Cardiovascular
Imaging is to publish position papers, recommendations, and expert

consensus papers from the European Association of Cardiovascular
Imaging (EACVI) scientific articles. The journal published 10 recom-
mendations and expert consensus papers in the field of multi-modal-
ity imaging, 9 from echocardiography in 2015–16, 1 on cardiovascular
magnetic resonance (CMR) and 3 about nuclear imaging and com-
puted tomography (CT).3–15 These papers are discussed in more de-
tail in Part I.16

Cardiomyopathies

Haugaa et al.15 published a comprehensive recommendation paper
about multi-modality imaging approach in arrhythmogenic cardiomy-
opathy. It has also been demonstrated that patients with early-phase
arrhythmogenic cardiomyopathy had structural abnormalities with
lower right ventricular ejection fraction, increased indexed right
ventricle (RV) basal diameter, and pronounced RV-mechanical dis-
persion in addition to lower % premature ventricular complexes
(PVC) by Holter compared with right ventricular outflow tract
(RVOT)-ventricular tachycardia patients. These parameters can help
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correct diagnosis in patients with unclear phenotypes and waiting for
genotyping.17

Haland et al.18 evaluated prognostic value of global longitudinal
strain (GLS), strain dispersion by echocardiography and fibrosis by
CMR in 150 hypertrophic cardiomyopathy (HCM) patients. They
demonstrated that patients with ventricular arrhythmias had reduced
longitudinal strain, more mechanical dispersion, and late gadolinium
enhanced (LGE) by CMR. Mechanical dispersion was a strong inde-
pendent predictor of ventricular arrhythmias and was related to the
extent of fibrosis. Strain echocardiography may be an important par-
ameter for risk stratifying HCM patients. But, also, in about 1570
HCM patients, Ong et al.19 were able to demonstrate that over one-
third of adults evaluated in their HCM clinic demonstrated concomi-
tant pulmonary hypertension, and this was associated with increased
mortality except in those with obstructive HCM who underwent
septal reduction treatment. Pulmonary hypertension in HCM is
therefore an important parameter to be aware of. CMR is also useful
in HCMs. Peteiro et al.20 reported in 148 patients with HCM that
both wall motion abnormality at exercise echocardiography and per-
fusion defects and LGE by cardiac MR predicted the occurrence of
events such as cardiac failure, stroke, Implantable Cardioverter
Defibrillator (ICD) discharge, atrial fibrillation (AF), and syncope.

Several studies evaluated the value of multi-modality imaging in
HCM. Indeed, HCM is often characterized by the presence of focal
areas of myocardial fibrosis, and the presence of fibrosis has been
associated with cardiac dysfunction and with poor outcome, particu-
larly since it may act as substrate for developing ventricular
arrhythmias.

CMR was shown to be particularly useful for non-invasive detec-
tion of such myocardial fibrosis in HCM. Using echocardiography and
CMR, Kim et al.21 evaluated the differences between apical and non-
apical forms of HCM in a prospective registry in 350 subjects with
HCM. They found that patients with apical HCM had lower LV mass,
less LGE, better diastolic function and presented better clinical out-
come. Bravo et al.22 evaluated differences in LGE distribution patterns
by CMR in HCM on severity of phenotype expression by comparing
these patterns to longitudinal strain and myocardial blood flow and
flow reserve by N-13 ammonia PET. They compared patients with-
out LGE with intramural LGE, within the hypertrophied segments of
LV, and LGE located at the anterior and/or posterior RV insertion
points and found that patients with LGE located only at RV insertion
points had intermediate phenotype between patients with no LGE
and intramural LGE in the LV. Finally, Rodrigues et al.23 evaluated
asymmetric hypertrophic patterns in patients with hypertensive dis-
ease and found that this was present in 21% of subjects, exclusively in
basal or mid septum with frequent presence of LGE, suggesting mor-
phological overlap with HCM.

Amyloidosis has been the subject in several papers and the value
of speckle tracking imaging has been highlighted. Patients with wild-
type transthyretine amyloidosis (ATTR) are characterized by lower
left ventricular ejection fraction (LVEF), LV basal, and LV mid-radial
strains compared with patients with ATTR mutated. LVEF and LV ra-
dial strain are useful in distinguishing between ATTR wild type (se-
nile) and ATTR mutated when TTR has been proved in biopsy
specimens.24

Other important studies evaluated the value of CMR in amyloid-
osis. Indeed, LGE CMR is a highly sensitive technique for detection of

amyloid in the heart. Bhatti et al.25 performed an observational retro-
spective cohort of 251 consecutive patients with multiple myeloma
undergoing contrast enhanced CMR between June 2005 and
October 2014. They found that LGE suggestive of amyloidosis was
present in 30% of patients. Using endomyocardial biopsy as gold
standard, LGE-CMR had 100% sensitivity and negative predictive
value and respectively 80% and 81% specificity and positive predictive
value for diagnosis of amyloidosis. They also evaluated the prognostic
value of LGE-CMR in comparison over other clinical parameters for
all-cause mortality over a median duration of 28 months and found
that history of CAD, increased B-Type Natriuretic Peptide (BNP)
level and LGEþ pattern by CMR were independent predictors of
mortality and that LGE-CMR had significant additional value to pre-
dict survival over clinical history, electrocardiogram (ECG), bio-
markers, and transthoracic echocardiography. Mohty et al.26 in 54
patients with confirmed AL amyloidosis showed that left atrial (LA)
ejection fraction by CMR is associated with New York Heart
Association (NYHA) functional class, Mayo Clinic class, LGE and 2-
year mortality.

CMR offers attractive possibilities on tissue characterization in car-
diomyopathies and several important papers on these topics were
published in the journal in 2015–16.

Foremost, two important studies validated the non-invasive detec-
tion of both focal a diffuse myocardial fibrosis by gadolinium
enhanced CMR in humans. Iles et al.27 performed a histological valid-
ation study and demonstrated excellent correlation of LGE CMR
imaging with a threshold signal intensity of 6 standard deviation above
reference myocardium with histologically detected replacement fi-
brosis and of post-contrast T1 mapping with diffuse interstitial fibro-
sis. In line with these findings, aus dem Siepen et al.28 demonstrated a
strong correlation between extracellular volume fraction (ECV)
measured by CMR and collagen volume fraction measured by path-
ology in 24 patients with dilated cardiomyopathy undergoing endo-
myocardial biopsy.

Putko et al.29 demonstrated the utility of CMR to study LA struc-
ture and function in patients with Anderson Fabry disease.

Nadel et al.30 studied 106 patients with biopsy-proven extracardiac
sarcoidosis and demonstrated that CMR identified cardiac sarcoid-
osis involvement and it was an important predictor of survival, pre-
dicting 38% event rates of sudden cardiac death and ventricular
arrhythmia in patients with vs. only 1.4% in patients without such car-
diac involvement. Raimondi et al.31 employed CMR to detect myo-
cardial inflammation by T1 T2 and LGE imaging in children with
recently diagnosed dilated cardiomyopathy, and demonstrated that
the presence of myocardial inflammation and elevated troponin levels
at baseline were the most important two predictors of LV function
recovery over a mean follow-up of 24 months. In another study in
210 patients with dilated cardiomyopathy, Buss et al.32 reported that
LV longitudinal CMR strain had additional predictive value of survival
in addition to NYHA class, BNP, ejection fraction, and standard LGE
CMR. CMR can also quantify myocardial iron overload by measuring
T2* times. Meloni et al.33 followed patterns of iron accumulation in
259 patients with thalassemia during chelation therapy and demon-
strated the ability to monitor the efficacy of this therapy to remove
myocardial iron over time.

Differentiation of mild DCM from athletes’ heart is often difficult
with conventional techniques. Therefore, Mordi et al.34 evaluated the
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utility of T1 and T2 mapping in differentiation of athletes and patients
with mild DCM. They compared 21 athletes, 16 patients with DCM
and preserved ejection fraction, and 21 controls and found that
Native T1, ECV, and T2 relaxation times were significantly increased
in DCM patients compared with controls and athletes, T1 and T2
mappings are potentially useful tools for differentiating between ath-
lete’s heart and patients with early DCM, and could be used when-
ever differentiation between these two phenotypes using standard
imaging techniques is inconclusive.

Duchenne muscular dystrophy and Becker muscular dystrophy
(BMD) are X-linked recessive disorders associated with both skeletal
myopathy and progressive cardiomyopathy in males. In an important
paper by Florian et al.,35 it was demonstrated for the first time that
LGE indicating cardiac involvement can also be observed in 65% of fe-
male Duchenne and 19% of asymptomatic BMD carriers. Thus, these
females demonstrate the same myocardial fibrosis pattern as their
male counterparts with overt disease. These findings were however
more common in Duchenne than in BMD.

Heart failure
HF syndrome was recently redefined to HF with preserved EF
(HFpEF) (LVEF >_ 50%), HF with reduced EF (LVEF < 40%), and HF
with mid-range EF (HFmrEF) (LVEF = 40–49%).36

Cardiac resynchronization therapy (CRT) may improve cardiac
function and reverse the damaging process of LV remodelling in pa-
tients with HF. However, the relatively high non-responder rate to
CRT (>30%) poses a great clinical challenge in patient selection.
Looking at 170 patients, Hasselberg et al.37 demonstrated that in HF pa-
tients with CRT, worse longitudinal function before CRT was an im-
portant predictor of fatal outcome during 2 years, independently of
CRT response. Mechanical dispersion at 6 months was a strong pre-
dictor of ventricular arrhythmias (Figure 1). CRT response by reverse
remodelling was dependent on improvement of both longitudinal and
circumferential function. Also, consecutive HF-patients treated with

primary indication for CRT between 2005 and 2009 were included in a
prospective registry. Echocardiography was performed prior to CRT
to assess apical rocking, defined as motion of the LV apical myocardium
perpendicular to the LV long axis.38 After multi-variable analyses, apical
rocking was associated with less major adverse cardiac events (defined
as combined end point of cardiac death and/or HF hospitalization and/
or appropriate therapy) [hazard ratio (HR) 0.44, 95% confidence inter-
val (CI) 0.25–0.77]. The septal deformation patterns were studied in
284 CRT candidates (Figure 2). The pattern of septal deformation is
providing important prognostic information in CRT candidates in add-
ition to ordinary clinical, electrocardiographic, and echocardiographic
predictors of outcome in HF patients. The Septal wasted work, the ap-
ical rocking, the identification of the pattern of septal deformation are
three important strain methods that seem to be able to provide opti-
mism that, 1 day, imaging, echo-techniques might finally help in identify-
ing best the candidates to CRT and will help in decreasing the rate of
non-response that is still close to 30%.38–41

Morris et al.42 studied 238 healthy subjects and a cohort of 642 pa-
tients characterized by asymptomatic patients (n = 216) and patients
with HFpEF (n = 218), and HF with reduced EF (n = 208) from 10
centres in a prospective multi-centre trial. The normal range of RV
systolic strain analysing the healthy subjects was: RV global strain
-24.5þ 3.8% and RV free wall strain -28.5þ 4.8%. RV global and free
wall systolic strain were significantly linked to the symptomatic status
of the patients. RV myocardial parameters were able to detect subtle
RV systolic abnormalities in patients with HF better than usual indices
previously proposed.

The ratio of trans-mitral early filling velocity (E) to early diastolic
tissue velocity (e’) is a key diastolic function parameter. The early dia-
stolic strain rate (e’sr) has been proposed as a substitute for e’ in the
E/e’ ratio for better estimation of LV-filling pressure. A study assessed
the predictive value of combined E/e’sr-ratio and GLS for prognosis
in systolic HF. Three hundred and thirty patients were analysed.
After multi-variate adjustment, GLS (HR: 1.48, P = 0.025) and the

Figure 1 Longitudinal strain curves from apical four-chamber view displaying 6 of the 18 LV segments used to calculate mechanical dispersion at
6 months after CRT. Left panel: patient with mechanical dispersion 51 ms. The patient did not have ventricular arrhythmias during 2-year follow-up.
Right panel: patient with mechanical dispersion 116 ms, i.e. severe mechanical dyssynchrony. The patient experienced several sustained ventricular
tachycardias. *White arrows indicate time to peak strain (ms). From Hasselberg et al.37
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Figure 2 The two patterns of septal longitudinal strains that are associated with a favourable response to cardiac resynchronization therapy.
Modified from Menet et al.40
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E/e’sr ratio (HR: 1.41, P = 0.002) were both independent predictors.
Patients with impaired GLS (absolute value 7.5%) and elevated E/e’sr
ratios (E/e’sr >_ 195 cm) showed poor outcomes.43

The Intervention in Myocarditis and Acute Cardiomyopathy-2
study was a prospective, multi-centre trial investigating myocardial
recovery in subjects with symptoms onset of 6 months and
LVEF <_ 40% of non-ischaemic dilated cardiomyopathy related to idio-
pathic cardiomyopathy or myocarditis. LVEF and DF were measured
at presentation and at 6-month follow-up. In patients with recent
onset non-ischaemic cardiomyopathy, DF recovery was associated
with favourable outcomes independent of LVEF improvement, add-
ing incremental prognostic value to these patients.44

Specifically, in HFpEF, a study analysed 733 (69% male) non-
diabetic patients with sinus rhythm, preserved systolic function, and
estimated glomerular filtration rate higher than 60 mL/min/1.73 m2. In
all patients, echocardiograms were performed and LA expansion
index was calculated. Renal function was evaluated annually. The LA
expansion index is a useful early indicator of renal function decline
and may enable the possibility of early intervention to prevent renal
function from worsening.45 Two other studies looked at the LA size
and function in HFpEF.46,47 Another study sought to determine if
markers of diastolic dysfunction are associated with AF development
among patients with HFpEF.47 The risk of AF decreased with increas-
ing peak A wave velocities (per 10 cm/s increase: HR = 0.83, 95%
CI = 0.72–0.96). Diastolic parameters of LA function possibly are
more important markers of AF risk than LA dilation in HFpEF.

The study by Tournoux et al.48 examined the role of electrocar-
diogram-gated single-photon emission CT myocardial perfusion
imaging equilibrium radionuclide angiography (ERNA) (known also as
radionuclide ventriculography) to predict CRT response in patients
with ischaemic and non-ischaemic cardiomyopathy in 146 patients
with HF. Intra-ventricular dyssynchrony was calculated as the delay
between the earliest and most delayed 20% of the LV phases.
Comparing survival between CRT and non-CRT patients according
to dyssynchrony status, no difference was found in survival in patients
with no ERNA dyssynchrony while a significant difference was
observed in ERNA patients with high level of mechanical dyssyn-
chrony. The observations of this study can be of great clinical interest,
as the results suggest a difference of CRT effect depending on the
presence of mechanical dyssynchrony, and that nuclear imaging might
have a promising role in prognostication and pre-implantation CRT
response prediction among patients with HF.

Heart valve diseases
The new percutaneous treatments and the best analysis of valves
thanks to 3D capabilities lead to many publications. In aortic valve
stenosis (AS), the trans-aortic valve implantation remains associated
with periprocedural complications like the need for a pacemaker im-
plantation. The pre-existing Right Bundle Branch Block (RBBB) and
elevated left coronary cusp calcification were identified as independ-
ent predictors for permanent pacemaker implantation.49

Asymptomatic AS patients remain to be followed and not operated
before symptoms. Valuable results have been published demonstrat-
ing the value of heart valve clinics (HVC). A structured HVC pro-
gramme results in the detection of symptoms at an earlier and less
severe stage and thus in an optimized timing of surgery. The dissemin-
ation of such centres of excellence should therefore be promoted.50

Also, in asymptomatic AS, it has been demonstrated that patients
with LV asymmetry had more than three times the risk of aortic
valve replacement (AVR) (HR: 3.16; 95% CI: 1.77–5.66; P < 0.001)
compared with patients with no LV asymmetry.51 Carstensen et al.52

published also a nice paper demonstrating the value of strain echo-
cardiography for predicting the risk of need to aortic valve replace-
ment in asymptomatic AS patients. Reduced basal longitudinal strain
was a significant predictor of future AVR in asymptomatic patients
with AS, independently of clinical characteristics, conventional echo-
cardiographic measures, and coronary pathology. Many studies have
been demonstrating the value of echocardiography pre- but also per-
trans catheter aortic valve replacement. One study in 31 patients by
Garcı́a-Martı́n et al.53 concluded that a new automatic 3D-
transoesophageal echocardiographic software allows modelling and
quantifying the aortic root with high reproducibility. There was good
correlation between the automated measurements and other 3D-
validated techniques including cardiac-CT. Bartel et al.54 published a
nice review paper about transoesophageal and intracardiac echocar-
diography for guiding the implantation of transcatheter aortic valve
implantation (TAVI). Nevertheless, a nice paper about 165 patients
and written by Abdelghani et al.55 underscored the current limit of
echocardiography for quantifying the paravalvular regurgitation if the
traditional VARC-II criteria are considered. A multi-modality ap-
proach for solving this difficult issue is probably required.

Advanced 4D flow is a novel method that allows assessing blood
flow velocity in 3D in relation to aortic size and geometry. Garcia
et al.56 studies 165 subjects divided in 50 with bicuspid aortic valve
(BAV), 50 with tricuspid aortic valve (TAV), and 65 controls, and
their main findings were that a single acquisition of 4D flow character-
ized local morphological and haemodynamic differences between
groups along the various aortic segments; BAV showed higher PV
and flow displacement than TAV patients, in spite of having similar
mid-ascending aorta diameter size.

An elegant CMR study showed that BAV relatives expressed had
an altered aortic shape and increased vortex flow despite the ab-
sence of valvular disease or aortic dilatation. These data suggest a
heritable component of BAV-related aortopathy affecting aortic
shape and determining aberrant blood flow, independent of valve
morphology.57

In regard to mitral valve regurgitation (MR) and anatomy, CT,
CMR and also 3D echocardiography have been used for improving
the description of the disease and for best planning interventions. For
instance, it has been demonstrated that the mitral annulus is enlarged
and stiff in secondary MR patients, whereas in fibroelastic deficiency
and Barlow disease, it is characterized by excessive dynamicity during
systole. Enhanced annular dynamics leads to significant changes in
grade of MR measured by 3D TEE particularly in those with late onset
MR.58 Also Mihaila et al.59 demonstrated that using a new 3D echo-
cardiographic software allowing a quantification of mitral annulus size
and dynamic, mitral annulus reduced function correlates with the MR
severity and the LA size and function, but not with the LV function in
patients with primary mitral regurgitation. That might be a valuable in-
formation for best understanding the pathophysiology of the disease
and that new 3D echocardiographic capabilities allow very precise
and sophisticated measurements.

The tricuspid valve (TV) has also been explored by several studies.
In pulmonary arterial hypertension (PAH), tricuspid regurgitation
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..(TR) progression was associated with worsening pulmonary hyper-
tension and adverse RV and TV apparatus remodelling. TR progres-
sion is associated with poor outcome in PAH.60 In addition to
tethering and short length of the leaflets, TV morphological abnormal-
ity predicted residual TR after TV annuloplasty.61 3D printing of the
TV from 3D TTE data has been demonstrated to be feasible with
highly conserved fidelity and may improve the understanding of leaf-
lets, annulus, and right heart cavities. This technique has the potential
for rapid integration into clinical practice to assist with decision-
making, surgical planning, and teaching.62

Cardiac MR is also becoming an even more important tool to
study patients with valve disease. In particular, it excels in the ability
to accurately measure left and RV volumes and mass over time and
thus to study the progression of left and RV remodelling in such valve
disease. In the Ramipril in AS (RIAS) trial, a randomized double-blind
placebo controlled trial of 100 patients with moderate or severe AS,
Bull et al.63 used CMR to study LV mass over time and demonstrated
that this drug may modestly decrease LV mass and slow AS progres-
sion over time. In 20 patients with mitral regurgitation undergoing
interventional edge-to-edge repair (Mitraclip), Lurz et al.64 used CMR
to evaluate the reverse remodelling and demonstrated significant im-
provement of mitral regurgitation fraction and LV end-diastolic vol-
ume, however without significant improvement in LVEF or RV
function and cardiac output or biventricular forward flow. CMR also

plays an important role in patients with AS undergoing TAVI. In 69 of
such patients, Ruile et al.65 compared the reliability of pre-procedural
aortic annulus assessment by non-contrast 3D magnetic resonance
angiography to contrast enhanced cardiac CT angiography and found
that this technique allowed similar good assessment of aortic annulus
dimensions and calcifications as CT. It might thus be useful to avoid
contrast exposure in patients at increased risk for contrast-induced
nephropathy. Also after TAVI, phase-contrast CMR is useful for
quantification of paravalvular aortic regurgitation (PAR). Indeed, PAR
quantification is often difficult by 2D transthoracic echocardiography.
This was shown by a paper of Salaun et al.66 in 30 patients demon-
strating high reproducibility of PAR measurements by CMR and the
ability to correct TTE underestimation of PAR severity. Finally, similar
to cardiomyopathies, there is currently intense interest in tissue char-
acterization by T1 mapping and ECV fraction in valve diseases. Singh
et al.67 evaluated the test–retest reproducibility in 10 patients with
CMR and found that reproducibility was excellent, demonstrating the
usefulness of this approach for longitudinal studies of patients with
valve disease.

Finally, two other studies evaluated the usefulness of aortic stiff-
ness measurement, an important maker of cardiovascular risk in the
MESA study. First Noda et al.68 demonstrated that CMR had good
test–retest, intra- and inter-reader reliability of ascending and des-
cending aortic arch pulse wave velocity and strain in 25 participants

Figure 3 Motion vector field derived from the image based motion-estimation algorithm is shown in coronal (A), sagittal (B) views. Each vector
(pink arrow) is shown on every 16 voxels. (C) 3D reconstruction of the CT image to indicate left atrial appendage surface deformation over a cardiac
cycle (colour-coded by area change ratio: blue, contraction; yellow, stretch). (Modified after Al-Issa et al.71).
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..undergoing 2 CMR tests over 13 days. Then Ohyama et al.69 eval-
uated in 1160 MESA participants the progression of aortic stiffness
over 10 years’ time and correlated them to baseline values, demo-
graphic variables, baseline risk factors and change in risk factors, and
chronic risk exposure. They demonstrated that greater mean blood
pressure, and a history of smoking history were associated with
increased aortic stiffening over 10 years.

Structural heart disease imaging has become a mainstream applica-
tion of cardiac CT. van Rosendael et al.70 studied the geometrical
changes of the TV and RV in patients with functional tricuspid regurgi-
tation (TR) using a 320-detector row CT. The authors demonstrated
that significant TR is associated with remodelling of the tricuspid an-
nulus, tethering of the anterior and septal leaflets, and RV remodel-
ling. In a retrospective study, Al-Issa et al.71 utilized a novel image-
based motion-estimation (iME) CT to quantify LA appendage (LAA)
regional function. The study enrolled patients referred for AF abla-
tion who underwent pre-ablation cardiac CT with retrospective
ECG gating. To assess myocardial deformation, area change ratio,
and area change rate were calculated over the endocardial surface of
the LAA (Figure 3). Both metrics were significantly lower in the
stroke/TIA group versus the control group and LAA regional dys-
function is independently associated with a history of stroke/TIA. In
summary, cardiac CT is multi-faceted image modality capable of pro-
viding useful information not only on CAD characteristics, but also
on valve morphology and cardiac structure.

Congenital heart disease

CMR is a valuable technique for assessment of patients with congenital
heart disease. Pushparajah et al.72 used Hybrid X-ray and CMR cath-
eterization to assess haemodynamic response to low dose dobutamine
in 13 patients with hypoplastic left heart syndrome (HLHS) post-
Fontan. They combined the haemodynamic information from invasive
catheterization with ventricular volumes, stroke volume and ejection
fraction to compute pulmonary artery and systemic vascular resistance,
fenestration flow, aorto-pulmonary collateral flow and TR. They dem-
onstrated that PVR and ventricular function were not the rate-limiting
steps in the reduced ability of HLH Fontan patients increasing their CI
during stress, but rather a lack of recruitable preload due to the Fontan
circuit and the lack of the driving force of a subpulmonary ventricle.

An important expert consensus document by ASE and EACVI pro-
vides a review and advices of the optimal application of 3D echocardi-
ography in congenital heart disease including technical considerations,
image orientation, application to different lesions, procedural guidance,
and functional assessment.73 The expert consensus paper of the
Imaging Working Group of the Association for European Paediatric
and Congenital Cardiology (AEPC) and the Cardiovascular Magnetic
Resonance Section of the EACVI describes indications for CMR in chil-
dren with congenital and acquired heart disease.14
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