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Aims Cardiac CT is increasingly applied for planning and follow-up of transcatheter aortic valve implantation (TAVI).
However, there are no data available on reverse remodelling after TAVI assessed by CT. Therefore, we aimed to
evaluate the predictors and the prognostic value of left ventricular (LV) reverse remodelling following TAVI using
CT angiography.

...................................................................................................................................................................................................
Methods
and results

We investigated 117 patients with severe, symptomatic aortic stenosis (AS) who underwent CT scanning before
and after TAVI procedure with a mean follow-up time of 2.6 years after TAVI. We found a significant reduction in
LV mass (LVM) and LVM indexed to body surface area comparing pre- vs. post-TAVI images: 180.5 ± 53.0 vs.
137.1 ± 44.8 g and 99.7 ± 25.4 vs. 75.4 ± 19.9 g/m2, respectively, both P < 0.001. Subclinical leaflet thrombosis (SLT)
was detected in 25.6% (30/117) patients. More than 20% reduction in LVM was defined as reverse remodelling and
was detected in 62.4% (73/117) of the patients. SLT, change in mean pressure gradient on echocardiography and
prior myocardial infarction was independently associated with LV reverse remodelling after adjusting for age, gen-
der, and traditional risk factors (hypertension, body mass index, diabetes mellitus, and hyperlipidaemia): OR = 0.27,
P = 0.022 for SLT and OR = 0.22, P = 0.006 for prior myocardial infarction, OR = 1.51, P = 0.004 for 10 mmHg
change in mean pressure gradient. Reverse remodelling was independently associated with favourable outcomes
(HR = 0.23; P = 0.019).

...................................................................................................................................................................................................
Conclusion TAVI resulted in a significant LVM regression on CT. The presence of SLT showed an inverse association with LV

reverse remodelling and thus it may hinder the beneficial LV structural changes. Reverse remodelling was associ-
ated with improved long-term prognosis.
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Introduction

Aortic stenosis (AS) is the most common valvular disease in industri-
alized countries.1,2 It leads to chronic pressure overload of the left
ventricle (LV) resulting in adaptational adverse remodelling.3 Left

ventricular hypertrophy is a hallmark feature of AS and a strong pre-
dictor of mortality, characterized by both cellular and extracellular
expansion of the myocardial tissue.4 Aortic valve replacement (AVR)
is the only definitive therapeutic option for patients with severe,
symptomatic AS. Transcatheter aortic valve implantation (TAVI) has
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emerged as a safe and effective alternative to surgical AVR in patients
with intermediate to high surgical risk and severe, symptomatic AS.5,6

Furthermore, TAVI is rapidly expanding towards lower-risk patient
populations and implantation rates are expected to further increase.

It has been suggested that postoperative LV mass (LVM) regres-
sion after AVR is associated with improved long-term outcomes.7

Therefore, recent studies aimed to define predictors of structural LV
recovery after TAVI. To date, most studies evaluating valve function
and reverse remodelling utilized 2D-echocardiography and reported
a substantial reduction in LVM following TAVI or AVR.8–11 However,
echocardiography has limited reproducibility for LVM assess-
ment.12,13 In clinical practice, echocardiography is the first-line diag-
nostic test in case of suspected TAVI thrombosis; however, this
modality has limited sensitivity to detect subtle changes in leaflet
morphology that are readily detected on CT angiography (CTA). In
many cases, not even transoesophageal echocardiography (TEE) can
reliably directly visualize subclinical leaflet thrombosis (SLT) before
overt haemodynamic consequences. Importantly, SLT using CT was
detected in�0–40% of patients after TAVI procedure with currently
controversial results on its clinical relevance.14–16 SLT has gained
increased recognition as a possible risk factor for adverse cerebro-
vascular events14–16 and it could also inhibit beneficial reverse
remodelling.

CTA provides simultaneous assessment of LV morphology and
bioprosthetic valve changes, including SLT.16–19 We hypothesized
that SLT might have a negative impact on reverse remodelling follow-
ing TAVI. Therefore, we sought to define independent predictors
(including SLT) of reverse remodelling and also aimed to investigate
the prognostic value of LV remodelling.

Methods

Study population
We analysed patients who underwent CTA for pre-TAVI planning and
were assessed following TAVI to determine the presence or absence of
SLT as part of the prospective RETORIC (Rule out Transcatheter Aortic
Valve Thrombosis with Post Implantation Computed Tomography) trial.
In brief, the prospective RETORIC study aims to define the predictors
and clinical relevance of SLT in patients with severe, symptomatic AS
who underwent TAVI. Patients who underwent TAVI procedure in our
institute were included to evaluate bioprosthetic valve function and LV
morphology. All patients received a self-expandable transcatheter aortic
valve. Pre-TAVI imaging was performed to evaluate the aortic root anat-
omy and the access routes (iliofemoral and supraaortic arteries) to derive
measurements for transcatheter heart valve sizing and eligibility for TAVI
as a part of the routine clinical work-up. Follow-up CTA and echocardi-
ography were performed on the same day to visualize leaflet thrombosis
and to assess LV morphology at various time points following TAVI (aver-
age of 1.7 years). We excluded patients for whom CTA was contraindi-
cated per institutional standard of care (history of severe and/or
anaphylactic reaction, severe renal insufficiency defined as <_30 mL/min/
1.73m2), or who had poor image quality for the evaluation of LVM
(Figure 1).

The study was approved by the local and national ethics committees
(SE-TUKEB234/2017; ENKK034489-004/2016/OTIG) and was registered
on the Clinicaltrials.gov (NCT02826200) and was performed in accord-
ance with the Helsinki declaration. Written informed consent was
obtained from all patients.

Image acquisition for TAVI planning and

follow-up
We performed retrospectively electrocardiogram-gated helical CTA of
the aorta (from the level of thoracic inlet to the level of the femoral head)
and the heart during a single breath-hold, in cranio-caudal direction for
TAVI planning using a 256-slice CT scanner (Philips Healthcare, Best, The
Netherlands, 270 ms rotation time, tube voltage of 100–120 kV). No oral
beta-blocker was administered routinely prior to CTA imaging. We
administered 75 mL iodinated contrast agent (400 mg/mL, Iomeron 400,
Bracco Ltd; Milan, Italy) with 4.5 mL/s flow rate and images were acquired
with 1 mm slice thickness, 1 mm increment, and reconstructed using it-
erative reconstruction (iDose4 or IMR, Philips Healthcare, Cleveland,
OH, USA). Follow-up CT examinations were performed using retro-
spective gating with similar scan protocol, with shorter scan length cover-
ing the volume of the heart and the ascending aorta. At least 3 months
has passed because the implantation prior to the follow-up CTA acquisi-
tion. CTA was performed in all patients—who did not have contraindica-
tion—irrespective of symptoms or echocardiographic results.

CT image analysis
LV myocardial mass was measured at the baseline and at the follow-up
on CTA images using a semi-automated software in the end-systolic or
end-diastolic phases (Philips Intellispace v6.0.4., Functional analysis tool,
Best, The Netherlands). All measurements were performed in random
order, blinded to the scan date and patient data. First, the software seg-
mented the heart and created a short-axis stack through the LV. We
adjusted the epi- and endocardial contours manually if needed. The soft-
ware automatically calculated myocardial mass based on the left ventricu-
lar volumetric analysis. The calculated LVM value was indexed to the
patients’ body surface area. LV reverse remodelling was defined as a re-
duction of >20% in calculated LVM and LVM index detected on post-
TAVI CT scans as compared with pre-TAVI CT scans.

The presence of SLT was evaluated by three radiologist with at least
5 years of experience in cardiac CT imaging. All readers were blinded to
echocardiographic or clinical parameters and assessed SLT within the
bioprosthetic valve in the end-diastolic phase. All cusps were evaluated
separately for the presence of leaflet thrombosis and the number of
involved cusps was recorded. The images were assessed by all three read-
ers to achieve a consensus read. In long-axis view the thickness of each
leaflet was measured in parallel and perpendicular axes to the frame. An
average thickness of >3 mm of the hypo-attenuated mass (based on both
the parallel and the perpendicular axis measurements) was considered as
leaflet thickening corresponding to SLT.20 Representative images of SLT
are shown in Figure 2.

Preprocedural- and follow-up

echocardiography
All subjects underwent TTE using an EPIQ 7C system (Philips Medical
System, Andover, MA, USA), equipped with X5-1 matrix transducer. The
2D grey-scale images were acquired over three heart cycles and analysed
using QLab software (version 10.0 Philips Medical System, Andover, MA,
USA) by one of four experienced echocardiographers, blinded to the CT
data. Transaortic peak and mean pressure gradients were derived using
the simplified Bernoulli equation (Table 1). Change in mean pressure gra-
dient was defined as the difference between the pressure gradient values
measured pre-procedurally and during follow-up.

Endpoint definition for adverse events
Clinical, imaging, and laboratory data were evaluated at follow-up study
visits by a cardiologist at the same day of CT and echocardiographic
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..imaging. Definition of hospitalization for heart failure included any hospi-
talization event that lasted for >24 h during the follow-up period, at which
patient demonstrated at least two heart failure-related symptoms (i.e.
dyspnoea and oedema) and required intra venous diuretic therapy.21

Mortality data were collected and verified via official death records of the
National Health Insurance Fund, which ensured that no patient was lost
during the follow-up period. Mean follow-up time was 2.6 years.
Composite endpoint was defined as all-cause mortality or heart failure
hospitalization during follow-up, survival time was calculated from the
date of TAVI to the date of confirmed death, hospitalization or last

contact with the patient. We compared clinical outcomes in patients with
more and less than 20% reduction in LV mass.22

Statistical analysis
Continuous variables are presented as mean and standard deviation, cat-
egorical parameters are presented as frequency with percentages.
Continuous clinical and imaging variables between baseline and follow-up
were compared using Wilcoxon signed-rank test. Categorical variables
were compared using the v2 test. Univariate and multivariate logistic

Figure 1 Study flowchart.

Figure 2 Representative cases for the assessment of reverse remodelling and SLT. CTA images were analysed to quantify LVM using a semi-auto-
mated software. Valve assessment was performed by three radiologists on the follow-up images. LVM was measured on pre- and post-TAVI images
to calculate change in LVM (DLVM). Case 1 (upper panels) depicts a patient without SLT and a prominent reverse remodelling, whereas Case 2
(lower panels) shows a patient with SLT and a reduced degree of reverse remodelling (see cross-sections).
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regression analyses were performed to detect the association between
LV reverse remodelling and clinical parameters, echocardiographic
parameters, cardiovascular risk factors, and SLT. Cox proportional haz-
ard regression models were derived to assess the prognostic value of LV
reverse remodelling. Kaplan–Meier curves were generated for the com-
posite endpoint of hospitalization for heart failure and all-cause mortality.
A P-value <0.05 was considered statistically significant. All calculations
were performed using SPSS software (SPSS version 25; IBM Corp.,
Armonk, NY, USA).

Results

In total, 144 patients were enrolled in our study. Seven patients were
excluded due to inadequate image quality (lower contrast accumula-
tion in the right ventricle). In 20 cases, follow-up CT could not be
performed due to impaired renal function, therefore, these cases
were not included in the analysis. A total of 234 CTAs of 117 patients
(mean age 79.0 ± 7.5 years, 53.8% female) were included in the final
analysis (Figure 1). In total, 24.8% (29/117) of the patients had prior
myocardial infarction, 98.3% (115/117) had hypertension, and 78.6%
(92/117) had hyperlipidaemia. Oral anticoagulant medication was
administered in 30.8% (36/117) of the patients due to atrial fibrilla-
tion. SLT was reported in 25.6% (30/117) cases. The number of

leaflets affected by SLT was evaluated, 20 patients were diagnosed
with 1 cusp involvement, 9 patients with 2 cusps, and 1 patient with
all 3 leaflets involved with SLT. Ejection fraction (EF) on TTE was
57.9 ± 14.1% for pre-TAVI and 58.0 ± 9.3% at follow-up. EF on
follow-up echocardiography was 55.1± 7.8% in patients with SLT
and 59.0 ± 9.5% in patients without SLT (P = 0.052). Also, EF on
follow-up imaging was 59.0± 7.9% and 55.0 ± 10.5% for patient with
and without LV reverse remodelling, respectively (P < 0.01). Mean
aortic transvalvular gradient before TAVI was 52.2 ± 14.6 mmHg vs
8.8± 4.6 mmHg at follow-up (P < 0.01). Patient characteristics and
imaging parameters are summarized in Table 1. The mean radiation
dose (dose-length product) was 772.7± 541.0 mGy� cm.

LV reverse remodelling following TAVI
LVM and LVM index decreased substantially following TAVI
(180.5± 53.0 vs. 137.1± 44.8 g and 99.7 ± 25.4 vs. 75.4 ± 19.9 g/m2

for pre-TAVI and follow-up, respectively, both P < 0.001; Figure 3).
Overall, an average 43.4 (±33.9) g of LVM reduction was detected at
follow-up. Ten patients did not exhibit a reduction in LVM, whereas
>20% reduction in LVM was found in 62.4% patients (73/117).
Patients with lesser LV reverse remodelling had significantly higher
prevalence of prior myocardial infarction and SLT (all P < 0.05,
Supplementary data online, Table S1). We detected significantly larger
reduction in transaortic mean and peak pressure gradient values at
follow-up among patients with reverse remodelling as compared
with those without (both P < 0.05, Supplementary data online, Table
S1).

Predictors of LV reverse remodelling
In order to identify potential predictors of LV reverse remodelling,
the association of various clinical and imaging parameters was investi-
gated (see Table 2). Age, gender, cardiovascular risk factors, anti-
coagulant therapy did not show any association with reverse
remodelling (all P > 0.05). On the other hand, prior myocardial infarc-
tion (P = 0.002), the change in mean aortic transvalvular pressure gra-
dient (P = 0.002) and the presence of SLT (P = 0.025) showed a

.................................................................................................

Table 1 Patient characteristics

Parameters, n 5 117

Male, n (%) 54 (46.2)

Age, years 79.0 ± 7.5

Body mass index, kg/m2 26.9 ± 4.7

Body surface area, m2 1.8 ± 0.2

Cardiovascular risk factors

Hypertension, n (%) 115 (98.3)

Diabetes mellitus, n (%) 34 (29.1)

Hyperlipidaemia, n (%) 92 (78.6)

Smoking in history, n (%) 40 (34.2)

Prior myocardial infarction, n (%) 29 (24.8)

Echocardiographic parameters

Mean aortic transvalvular gradient (pre-TAVI) mmHg 52.2 ± 14.6

Mean aortic transvalvular gradient (follow-up) mmHg 8.8 ± 4.6

Peak aortic transvalvular gradient (pre-TAVI) mmHg 85.9 ± 23.1

Peak aortic transvalvular gradient (follow-up) mmHg 16.7 ± 8.3

Change in mean aortic transvalvular gradient 43.4 ± 15.2

Change in peak aortic transvalvular gradient 69.1 ± 24.4

Medication

Statin therapy, n (%) 84 (71.8)

ACE-I/ARB therapy, n (%) 94 (80.3)

Beta-blocker therapy, n (%) 90 (76.9)

Oral anticoagulant therapy, n (%) 36 (30.8)

Dual antiplatelet therapy, n (%) 36 (30.8)

Continuous variables are presented as mean ± SD; categorical parameters are
presented as frequencies and percentages. Change in mean and peak aortic trans-
valvular gradient was calculated as the difference between the pressure gradient
values measured pre-TAVI and at follow-up.
ACE-I, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor
blockers.

Figure 3 Boxplots demonstrating the impact of TAVI on LVM.
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significant association with LV reverse remodelling after TAVI in uni-
variate analysis. In multivariate logistic regression analysis, we found
that SLT was inversely and independently associated with LV remod-
elling over age, gender, prior myocardial infarction change in mean
pressure gradient and traditional risk factors (hypertension, dyslipi-
daemia, body mass index, and diabetes mellitus); OR 0.27, P = 0.022
(Table 2). The number of leaflets affected by SLT did not show an as-
sociation with reverse remodelling (P = 0.391).

The prognostic relevance of LV reverse
remodelling
During a mean follow-up time of 2.6 years, 13 adverse events
occurred including 9 deaths and 4 heart failure hospitalizations.
Patients with >20% reduction in their myocardial mass following
TAVI showed longer event-free survival as compared with those
with a lower degree of reverse remodelling (Figure 4). LVM reduction
of >20% remained an independent predictor of event-free survival
after adjustment for significant covariates in univariate analysis
(Table 3).

Discussion

We demonstrated that TAVI leads to substantial LVM reduction.
Our results suggest that the presence of SLT might be risk factor for
impaired LV reverse remodelling. In addition, we found that impaired
LV reverse remodelling is associated with adverse clinical outcomes.

CT holds the potential to non-invasively detect early changes of
implanted bioprosthetic valves. Currently, there are no guidelines on
the diagnostic work-up of patients with suspected SLT, although
experts of the field recommend regular echocardiographic surveil-
lance to identify patients with elevated pressure gradient, thickened
cusps or restricted cusp mobility as possible candidates for subse-
quent CT imaging.23,24 Importantly, there is also no consensus or uni-
fied criteria for SLT assessment on CT images and a variety of
methods are in use currently across providers.25,26 In our study, the
prevalence of SLT was 25.6%, which is in line with previous studies.27

Our study complements the results of other reports regarding SLT
and LV mass change after prosthetic valve implantation and shows a
strong association between valve changes and reverse remodelling.

Our study aimed to provide evidence on the interplay of SLT and
reverse remodelling to decipher the importance of LV structural
changes in patients treated with TAVI utilizing CTA. Importantly,
patients who developed SLT had reduced reverse remodelling.
Magalhaes et al.28 analysed a cohort of 333 patients following TAVI
and aimed to assess the normalization of LV geometry using TTE.
The authors demonstrated that reverse remodelling process is not
completed even at 1 year after TAVI. Very recent studies using car-
diac magnetic resonance imaging (CMR) demonstrated that detect-
able reverse remodelling occurs as soon as within days after
TAVI,29,30 suggesting that LV recovery is—in some cases—a rapid
process and the largest observable reduction in LVM develops during
the first few weeks following normalization of transaortic flow/

........................................ ...........................................

....................................................................................................................................................................................................................

Table 2 Predictors of LV reverse remodelling following TAVI

Parameters Univariate model Multivariate model

OR P-value OR P-value

ACE-I/ARB therapy 0.57 0.311

Myocardial infarction in history 0.28 0.002 0.22 0.006

SLT 0.35 0.025 0.27 0.022

Atrial fibrillation 0.74 0.497

Oral anticoagulant therapy 0.79 0.599

Change in mean aortic transvalvular pressure gradient (10 mmHg change) 1.52 0.002 1.51 0.004

Parameters with significant association with LV reverse remodelling on univariate regression were entered into a multivariate model and also the model was also corrected for
age, gender, and following risk factors: hypertension, BMI, diabetes mellitus and hyperlipidaemia.
ACE-I, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blockers; OR, odds ratio; SLT, subclinical leaflet thrombosis.

Figure 4 ,,Time to event curve for mortality and repeat hospital-
ization following TAVI. Patients with reverse remodelling (defined
as >20% decrease in myocardial mass—red line) had improved clin-
ical outcome as compared with patients without reverse remodel-
ling (blue line; log-rank P = 0.019). During a mean follow-up time of
2.6 years, 13 adverse events occurred.
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pressure gradient. Subsequently, there is a trend for a slower im-
provement that can last up to a 12–24 months.31 Similarly, studies
suggest that the occurrence of SLT varies in time individually.23 SLT
can develop within weeks (acute) or months (late) after TAVI, and
progress over time without treatment leading to valve dysfunction
and new-onset heart failure symptoms. Importantly, SLT can affect
the function of the bioprosthesis and result in elevated transvalvular
pressure gradient and thus might impact reverse remodelling.23,32

These observations are reflected by our results as well.
LV hypertrophy increases the risk of sudden cardiac death, heart

failure, and adverse cardiac events by several proposed mechanisms
including accelerated atherosclerosis, impaired pump function, ad-
verse remodelling, and arrhythmias related to ischaemia.33,34 Once
the afterload is normalized, a beneficial structural response can occur
in the LV.4 The magnitude of changes shows individual differences
and LV recovery can be influenced by several clinical and valve-
related parameters. Our results and prior echocardiography or CMR
studies have consistently demonstrated a significant regression in
LVM after AVR.30,35 In the study of Vizzardi et al.,22 135 TAVI patients
were evaluated using serial TTE imaging, and >20% decrease in LVM
was detected in �70% of the patients. Also, results from the
PARTNER (Placement of Aortic Transcatheter Valves) registry dem-
onstrated an average of 17% reduction of LVM 1 year after implant-
ation.36 However, it is unknown which patients exhibit complete LV
remodelling, whereas in others only partial resolution of LV hyper-
trophy occurs. However, TEE and CMR studies cannot incorporate
SLT as a potentially important influencing factor of LV remodelling.
We demonstrated that SLT is inversely associated with reverse
remodelling and thus might reshape risk prediction in this patient
population.

It has been suggested that reverse remodelling is associated with
better outcomes after surgical valve implantation, therefore, finding
the clinical and imaging predictors of LV recovery is crucial. Vizzardi
et al.22 found that only baseline LVM value was an independent pre-
dictor of subsequent reverse changes. The severity of aortic regurgi-
tation37 or myocardial fibrosis was proposed as risk factors in other

studies.31 It has been suggested that patients without myocardial fi-
brosis are more prone to early reverse remodelling that can provide
long-term benefit. Our results suggest that patients who suffered
myocardial infarction (assumingly developed fibrosis)—irrespectively
of the presence of SLT—have lower rates of reduction in myocardial
mass.

Currently, there are very limited data on the prognostic value of
reverse remodelling after TAVI. We found that the presence of SLT
is associated with diminished reverse remodelling. Furthermore, the
impaired LV reverse remodelling is independently associated with
the composite endpoint of death or heart failure hospitalization. Ali
et al.7 investigated patients after surgical AVR using echocardiography
and found that lower reduction in LVM was associated with poor
long-term prognosis. Investigators of the PARTNER randomized trial
have described that greater reduction in LVM leads to lower hospital-
ization rates, but no difference in all-cause mortality was observed
after 1 year,35 although this study had shorter follow-up. Our results
are in agreement with the above findings, showing that larger LVM re-
gression after valve replacement could provide long-term benefit by
reducing repeat hospitalization for heart failure and all-cause mortal-
ity. More importantly, SLT and reverse remodelling are proposed as
novel imaging targets for post-TAVI patient management.

A number of limitations of the present study must be acknowl-
edged. The lack of unified diagnostic criteria for SLT makes compari-
sons between relevant studies difficult. Despite this, the SLT
incidence in our population seems to be in line with previously pub-
lished data.16,38 As reverse remodelling is a long process and SLT may
develop at various time points, the optimal timing for imaging is cur-
rently unknown. We performed post-TAVI imaging at various time
points. Also, reduced leaflet motion was not evaluated in our study,
we used a criterion for SLT that identifies more severe forms of the
disease, which is more likely cause obstruction and possibly reduced
leaflet motion. In addition, the evaluation of reduced leaflet motion
with CT is even more challenging than SLT assessment due to the
limited temporal resolution of current CT scanners as compared
with echocardiography. Despite a long mean follow-up time, for the

............................................... ..................................................

....................................................................................................................................................................................................................

Table 3 Cox regression models to define independent predictors of events

Univariate model Multivariate model

HR P-value HR P-value

Age 1.07 0.149

Body mass index 1.01 0.925

Diabetes mellitus 4.13 0.016 3.57 0.031

Hypertension 20.63 0.763

ACE-I/ARB therapy 0.68 0.591

Myocardial infarction in history 1.54 0.481

Reverse remodelling >20% 0.23 0.019 0.27 0.033

SLT 0.87 0.829

Atrial fibrillation 1.36 0.604

Oral anticoagulant therapy 1.56 0.445

Change in mean aortic transvalvular pressure gradient 0.964 0.102

ACE-I, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blockers; SLT, subclinical leaflet thrombosis.
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.composite endpoint a relatively low event rate was observed and all-
cause mortality was used. Nonetheless, our study provides the first
evidence of the impact of reverse remodelling on adverse events
using CT imaging. Long-term outcome studies are warranted to guide
clinical practice on the diagnosis and management of SLT.

In conclusion, our study demonstrates the favourable long-term
effects of TAVI on LV morphology using serial CT imaging. Our study
provides insight into the interplay between SLT, reverse remodelling
and clinical outcomes. We found that the presence of SLT of the bio-
prosthetic valve and prior myocardial infarction might inhibit reverse
remodelling process. Moreover, reverse remodelling following TAVI
is associated with improved clinical outcome.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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