
HAL Id: hal-01274892
https://hal.science/hal-01274892

Submitted on 18 Feb 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

MRI strain-based validation of patient-specific
computational models of human hearts-building a target

for in silico studies of surgical procedures
Martin Genet, Lik Chuan Lee, Rebecca Nguyen, Zhihong Zhang, Liang Ge,

Julius Guccione

To cite this version:
Martin Genet, Lik Chuan Lee, Rebecca Nguyen, Zhihong Zhang, Liang Ge, et al.. MRI strain-
based validation of patient-specific computational models of human hearts-building a target for in
silico studies of surgical procedures. 2nd USACM Thematic Conference on Multiscale Methods and
Validation in Medicine and Biology (MMVMB2), Feb 2014, Berkeley, United States. �hal-01274892�

https://hal.science/hal-01274892
https://hal.archives-ouvertes.fr


MRI strain-based validation of patient-specific computational models of human 

hearts—building a target for in silico studies of surgical procedures 

 

Martin Genet
12

, Lik Chuan Lee
1
, Rebecca Nguyen

1
, Zhihong Zhang

13
, Liang Ge

13
 and Julius 

Guccione
1
 

1
 Surgery Department, School of Medicine, University of California at San Francisco, USA 

2
 Marie-Curie International Outgoing Fellow 

3
 Veterans Affairs Medical Center, San Francisco, California, USA 

 

ABSTRACT 

Computational modeling is an integral part of the design and analysis in many engineering fields 

(e.g., mechanical, civil, etc.) for the past several decades. However, it is only very recently that 

computational modeling is applied to biomedical areas, one of which is cardiology. Compared to 

other biomedical areas, computational cardiac modeling is still at its infancy primarily due to (i) 

the complexity of the system itself (multi-scale, multi-physics) and (ii) the difficulty in 

performing precise experiments to investigate mechanisms and validate models. To address the 

former issue, the model is typically constructed so that the validity of its prediction is balanced 

against its simplicity. On the other hand, the latter issue is continuingly addressed by new 

evolving experimental technologies, such as modern imaging tools (e.g., MRI) that can measure 

deformation in vivo and most importantly, non-invasively.  

In this presentation, we propose to review our generic cardiac computational modeling process 

applied to normal humans. Specifically, we show 1) how computational models can be directly 

constructed from MRI, 2) how inverse FE modeling was used to personalize each model, and 3) 

how each model was validated using MRI-based measurements. Following [1] and [2,3], we 

use an incompressible transversely isotropic Fung’s law for the passive behavior (with 1/3 

stiffness in cross-fiber direction compared to fiber direction), and a time-varying elastance law 

for active contraction (also with 1/3 contractility in cross-fiber direction compared to fiber 

direction). After the patient-specific anatomy has been extracted from MRI data, we optimize the 

scaling parameters of the passive and active constitutive laws for every normal ventricular 

pressure to match the volumes measured through MRI. We then validate the calibrated models 

by comparing FE-predicted and MRI-measured strains—the error in circumferential strain is 

typically ca. 10%. Finally, we compute the range of normal fiber stresses associated to normal 

ventricular pressures. The data presented here are derived from five normal human models. We 



believe this data will serve as a target for any computational study of a cardiac surgical 

procedure. 
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