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The Theo Rossi di Montelera (TRM) Forum was created in 1998 by
Nathalie Virag and Lukas Kappenberger with the objective to bring
together engineers, mathematicians, and clinicians working in com-
puter modelling, experimental, and clinical cardiovascular research in
order to facilitate the translation of cardiac simulation results into
clinical understanding and applications. The 9th TRM Forum was held
in Lugano, Switzerland, on 4–5 December 2017, organized and sup-
ported by the TRM foundation and hosted by the Center for
Computational Medicine in Cardiology in Lugano (CCMC). The
theme was ‘From Model to Clinical Outcome’. The focus was on the
translation of observations and concepts developed within computer
models into clinical outcome. In silico medicine refers to the use of
computer simulations for the development of clinical interventions.

The first day of the forum was dedicated to the atria and to cardiac
conduction. The first session focused on atrial modelling and experi-
mental data. Roney et al.1 investigated in a bilayer computer model of
atrial fibrillation (AF) the interplay between rotors, wavelets, and fo-
cal sources during fibrillation. They were able to identify preferential
sites for wavefront initiation and rotational activity, showing that
computer simulations can predict that only a small number of con-
nections sites are functionally important in sustaining AF.

Computer models can help us to understand the mechanisms un-
derlying clinical observations such as changes in the P-wave morphol-
ogy. The effect of epicardial–endocardial activation delay in the atria
on P-wave morphology was studied in a computer model by Irakoze
et al.2 The results presented suggest that such a delay modifies the P-
wave amplitude and area, notably on leads V2–V4, even when the P-
wave duration and activation map remain the same. Another study of
the P-wave morphology in a computer model of AF by Pezzuto et al.3

revealed that P-wave variability in patients with paroxysmal AF could
be explained by a variability in sinoatrial node exit location in

combination with slow conducting regions. Andlauer et al.4 investi-
gated the influence of left atrial size on the P-wave morphology, pay-
ing attention to differential effects of dilation and hypertrophy.
Starting with atrial geometries determined from Magnetic Resonance
Imaging images from four subjects, they changed the geometry and
calculated the electrocardiogram (ECG) using a model that included
conduction in the thorax. This computational modelling study sug-
gests that anatomical left atrial enlargement is not distinctly reflected
in the P-wave and that increased P-wave terminal force is more indic-
ative of left atrial hypertrophy.

The second session focused on translating atrial models into clini-
cal practice for AF. Hakim et al.5 showed in patient-specific computa-
tional models that post-ablation AF can be perpetuated by emergent
re-entrant drivers, or by macro-reentrant circuits that form around
lesions. These findings will be integrated in efforts to create custom-
tailored ablation procedures for persistent AF. Another potential
strategy for persistent AF ablation was presented by Roney et al.6

They simulated in a virtual patient cohort the ablation of the intera-
trial connections to isolate the atria, predicting that this type of abla-
tion is effective in returning the right atrium to sinus rhythm for many
cases. Patient-specific modelling approaches have the potential to
stratify patients prior to ablation by predicting if drivers are located in
the left or the right atria. Finally, Gharaviri et al.7 simulated various
pharmacological interventions during AF. The atrial model explained
the loss of efficacy of sodium channel blockade in terminating AF in
the presence of severe structural remodelling observed experimen-
tally and clinically. In all these examples, the use of an in silico approach
overcame the limitation of a clinical evaluation and gave insight into
patient-specific treatment of AF.

The second day of the forum was dedicated to the ventricles and
the whole heart. The first session focused on ventricular modelling
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and experimental data. Nguyen et al.8 investigated the influence of
the ventricular activation sequence on voltage amplitudes of local
electrograms. In patients and patient-specific computer models with-
out scars, lower unipolar voltage amplitudes in the septum were ex-
clusively associated with a left bundle branch block activation
sequence. Furthermore, ventricular pacing substantially impacted
voltage amplitudes with average changes of half the intrinsic value,
both in the patients and the computer models. The message of this
work is that care should be taken to interpret low voltages during
cardiac mapping as scar.

The second session focused on translating ventricular models into
clinical practice for arrhythmia and cardiac resynchronization therapy
(CRT). Cardiac resynchronization therapy does not improve cardiac
function in all patients despite application of guideline criteria. This is-
sue was addressed by Dupuis et al.9 These investigators coupled a
novel module of sarcomere contraction to the well-known
CIrcAdapt model. The results of this multiscale modelling study sug-
gest that septal rebound stretch predicts healthy mechanical function
in cardiac tissue and positive response to CRT. Decreased cross-
bridge cycling rates in the myocardium resulted in the loss of septal
rebound stretch. Celilnik et al.10 presented a simulation framework
that has an application in ventricular tachycardia (VT) ablation proce-
dures planning. It could be used to guide electrophysiology explora-
tions and even predict ablation targets pre-operatively. This could
reduce intervention duration and improve success rate. High perfor-
mance computing simulations were conducted by Lyon et al.11 to dis-
sect key features explaining the ECG phenotypes with increased
hypertrophic cardiomyopathy. They concluded that two of the ECG
phenotypes may be explained by two distinct mechanisms, with po-
tential relevance to patient management: apico-basal repolarization
gradients, also associated with higher sudden cardiac death risk score,
and abnormal Purkinje-myocardium coupling. Finally, Hermans et
al.12 investigated the added value of T-wave morphology markers in
the diagnosis of long QT syndrome (LQTS). A support vector ma-
chine with T-wave morphology markers resulted in a major rise in
sensitivity and specificity compared to a similar model without these
markers, concluding that T-wave morphology markers have an added
value in diagnosing LQTS.

While most of the work presented during the forum was done at
the organ or tissue level, a clear understanding of the arrhythmogenic
processes is also required at the cellular and molecular level. Rog-
Zielinska et al.13 studied the differences in the mouth of the T-tubules
in ventricular myocardium from different species. T-tubular mouth
topology may contribute to differences in experimental model be-
haviour, underscoring the importance of an appropriate model selec-
tion for research into cell and tissue function. Montnach et al.14

studied the implication of gene mutations on arrhythmogenic right
ventricular cardiomyopathy. The analysis suggests that the molecular
cascades initiated by the seemingly unrelated genetic mutations con-
verge downstream into a common pathway. This could explain the
clinical manifestation of arrhythmogenic right ventricular cardiomy-
opathy in humans.

In the spirit of the TRM forum, the research presented in this
Supplement is a combination of computer simulations, experimental

work, and clinical observation with a focus on translational research
and clinical outcome. The authors think that these articles reflect the
trend of increasing influence of mathematical modelling and computa-
tional methods in cardiology. Two decades after its foundation,
we proudly notice that the TRM Forum has reached its scope of be-
ing a stimulating environment for the development and use of new
computational approaches and tools to extend our understanding of
cardiac pathophysiology, improve diagnosis, and predict treatment
efficacy.
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