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Motivation

Results and Discussion

• Myocardial fibre orientation plays a significant role in ventricular wall
mechanics1,2,3
• In-vivo DTMRI is still an open question, and therefore, measurement of
subject-specific non-invasive fibre orientation is not feasible till date 4
• Rule-based fibre orientation is used to assign histological fibre angle in FE
models of ventricles 2,3,4,5,6
• Even though the transmural variation in fibre orientation is histologically
similar for human hearts, differences exist in fibre-angle between individual
subjects, and also it changes in diseased conditions 1,2
• Therefore, sensitivity of LV diastolic mechanics to the details of fibre
structure is an important issue

(a) Effect of Fibre Orientation on EDPVRs of LV

• With the
increase in
fibre angle,
the LV
EDV
increases
with
respect to
the same
LV EDP

Objectives
• To investigate the effect of fibre orientation on (a) end diastolic pressure
volume relation (EDPVR) of LV, and (b) fibre stress distribution of LV wall
during diastole using subject-specific in vivo passive myocardium
properties of two healthy human ventricles

Material and Methods
(b) Effect of Fibre Orientation on Fibre Stress Distribution of LV Wall
• Bi-ventricular mesh geometries
(BV1 & BV2) were constructed
from SSFP cine MRI of two healthy
human ventricles

• ‘Laplace-Dirichlet-Region
growing-FE’ (LDRF) rule
based method to assign
fibre orientation on BV
mesh geometry 5,6

• Holzapfel-Ogden
constitutive law to define
myocardium behaviour 7

• The high fibre stress region from endocardium to midwall gradually
reduces and shifts more towards endocardium with the reduction in fibre
angle
• Results are similar for both BV1 and BV2
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• Eight different fibre structures were considered : fibre set [α1 - α2]
represents a linear variation of helix angle from –α1° in the epicardium and
RV septal endocardium to +α2° at endocardium and RV free wall
endocardium for both BV1 and BV2
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• Any pathological remodelling of the fibre distribution that increases the
amount of transmural fibre angle would lead to additional LV inflation. Such
effects would be more if the fibre angle is higher towards endocardium
• The region of high fibre stress gradually reduces from endocardium to
midwall and shifts more towards endocardium with the reduction in fibre
angle, especially near equatorial location
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Conclusions

• The present results suggest that changes in the fiber directions in the LV
wall may contribute to the heart failure with preserved ejection fraction
(HFpEF) development
• The study shows the EDPVR and fibre stress distribution patterns are
sensitive to fibre orientations, and therefore, subject-specific fibre structure
is important in computational model
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• LV end diastolic pressure (EDP) = 10 mmHg (assumption)
• FE modelling was implemented in MSC Marc (MSC Software Corporation,
California, US)
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