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Background

Mechanical ventilation (MV) is often applied on the
intensive care unit (ICU). While essential for patient
survival, MV can induce local lung tissue damage due
to the highly heterogeneous mechanical response of the
lung to MV. This phenomena is better known as
“ventilator induced lung injury” (VILI) and can
potentially be life-threatening. Reduced order computer
modelling of lung response to MV has the potential to
locally assess metrics related to VILI development. As
such, these models can serve as a valuable tool to study
the mechanisms responsible for VILI. However, most
respiratory models assume relatively simple alveolar
behavior. These models can therefore not be easily
adapted to account for pathologies that affect alveolar
mechanics. This greatly limits the usability of these
models for evaluating lung mechanics in ICU patients,
as these patients often do suffer from respiratory
conditions that impact alveolar mechanics.

In this study, a 3D finite element alveolar model was
developed that can be adapted to represent the effect of
pathologies. We use this model to study the impact of
lung emphysema and lung fibrosis on the pressure-
volume behavior of the alveoli. Finally, we generalize
these pathological alveolar pressure-volume relations to
assess the impact of MV on pathological lungs.

Methods

A 3D alveolar-duct model consisting of 32 alveoli based
on the geometry introduced by (1) was created using
shell elements in LS-Dyna. Material behavior was
described using a 5-parameter Mooney-Rivlin hyper
elastic material model. Elastic material properties of the
healthy alveolar duct were derived using an efficient
inverse modeling approach that aimed to recover the
pressure-volume curves published in (1).

Next, the alveolar model was adapted to model two
common respiratory diseases: emphysema was
modelled by removing all internal walls of the alveolar
duct, whereas fibrosis was modelled by increasing
alveolar wall thickness by a factor 1.7 (2). Subsequently,
3D duct behavior was generalized and implemented in a
previously developed reduced order respiratory model.
Finally, the reduced order model was used to evaluate
the effect of MV on lung mechanics in the case of
fibrosis or emphysema in the right upper lobe, assuming
a tidal volume of 560 mL.

Results

Using the inverse modelling approach a set of material
parameters where found that allowed to accurately

reconstruct the data presented in (1) (Figure 1A).
Furthermore, by adjusting model geometry, a stiffening
behavior was observed for the fibrotic alveolar model,
whereas more compliant behavior was observed for the
emphysematous case (Figure 1A). Note that not only the
magnitude, but also the shape of the emphysematous
and fibrotic curves are different compared to the healthy
alveolar model.

In the case of the fibrotic lung it was observed that
stretch in the diseased lobe was reduced considerably
with respect to the healthy simulation, whereas stretch
in all other lobes increased (Figure 1B & C). In the case
of the emphysematous lung, stretch in the pathological
lobe increased, whereas stretch in all other lobes
decreased (Figure 1B & D).
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Figure 1: Pressure-volume curves of the reference from
(1) and the 3D models (A). Resulting alveolar stretch
distributions for the healthy model (B), fibrosis model
(C) and the emphysema model (D).

Discussion

In this study we created a 3D finite element model that
allowed to investigate the effect of various pathologies
on alveolar mechanics. FEM model response was
successfully generalized and implemented in whole lung
simulations of healthy, emphysematous and fibrotic
lungs. Future research should however be performed to
verify the obtained pressure-volume curves for the
studied pathologies. The developed alveolar duct model
is promising for the evaluation of alveolar mechanics in
the presence of pathologies in ICU patients.
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