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In the second part of the lecture “Modelling of tRespiratory System”, we focus on several
geometrical and physiological models which arevaté for diffusion-weighted imaging of the
lungs [1-6]. We start by recalling how inhomogeredme-dependent magnetic fields encode
random trajectories of the nuclei (net dephasing ilinear gradient, Bloch-Torrey equation,
Gaussian form of the spin-echo signal for freeuditbn, etc.) [7]. The effects of geometrical
confinement on diffusive motion and the conseqégral attenuation are then considered [8].
As the simplest and broadly used frame, the natibapparent diffusion coefficient (ADC) is
introduced. The limitations of ADC and of the reldtb-value are explained. Further extension
towards diffusional kurtosis imaging [9] is brieflgiscussed. Biexponential and stretch-
exponential fitting formulas are also mentioned][X0special attention is paid to two particular
models. In the first model, the alveolar ducts doways) are approximated by long cylinders,
either smooth or covered with alveolar sleeves.[EDQr relatively short diffusion times, the
branching structure of the acinus is neglectechwalg one to deduce a simple analytical
formula for the signal attenuation. The underlyitangitudinal and transverse diffusion
coefficients are related to geometrical parametérghis cylinder model. The advantages and
inconveniences of the model are interrogated [12,AB longer diffusion times, which are
currently accessible in experiments by using statad spin-echo techniques [14], the acinar
branching structure is expected to play an impontale. These and many other issues require a
more realistic geometrical model of the acinus. Kit@aoka algorithm allows one to generate
three-dimensional branching labyrinths denselynfilla given volume [15]. On one hand, these
structures present geometrical properties thatvarg similar to real acini (total surface area,
surface-to-volume ratio, average length of brancbs). On the other hand, the fully controlled
generating procedure makes these structures garticsuitable for numerical modelling [16-
17]. The use of the Kitaoka model is illustrated Mypnte Carlo simulations of restricted
diffusion of the hyperpolarized helium-3 in the mbdealthy and emphysematous acini [18].
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