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ESTABILIDADE DOS ALVEOLOS
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P = mg + Ly-*cos@ — shpg

[Balance force] [Plate weight] [The total surface tension] ~[Plate buoyancy]

Where
m: Plate mass g Gravity acceleration L: Perimeter of plate
: Surface tension 6: Contact angle of plate and the liquid

s: Cross-sectional plate area I Sinking depth of plate p: Liquid density
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Fig. 8. A: diagram depicting the conventional “bubble” model of the
alveolus (25, 61). in which surfactant is assumed to locate only at the
liquid-air (LA) interface of a continuous AH. Note how the concave
nature of interface tends to suck fluid into air space, especially at the
more curved (r] in Eq. 1) septal corners, unless v is very low. B:
“morphological” model (see Refs. 70, 77) reflecting the “pits” and
“pools” of fluid found in morphological studies where surfactant
adsorbs to both LA and tissue surfaces, rendering tissue less wettable
toexplain the apparently fluid-free areas. Note how pits and pools are
normally concave but can become convex with excess fluid when the
LA interface will now assist physiological water pumps in resolving
edema (Eq. 4). Thus fluid control is self-regulating in Bbut not in A,
unless some other mechanism is involved.

J. Appl. Physiol. 87(5): 1567-1583, 1999.-
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Figure 45 Resistance as a function of airway generation calculated for the human lung based on a
bifurcating model of the airway tree (reproduced with permission from [41]).

Bates, 2009
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COMPORTAMENTO NAO LINEAR
Curva PV

(L)

0 L n A I J
0 5 10 15 20 25

P[p (cmH,0)

Figure 5.4 Pressure-volume data from a human subject (circles) and the fit provided by
Eq. 5.5 (reproduced with permission from [88]).

MODELO MULTICOMPARTIMENTAL
Paralelo

P(1). V(t)

Figure 7.2 Parallel two-compartment model. The model parameters are Ry, E1, Ra, £, and R..
The compartmental pressures and volumes are P (1), Vi(r), and Pa(1), V3(z), respectively. Pressure
and volume at the airway opening are P(f) and F{t), respectively.

~

04/04/2017

34



04/04/2017

COMPORTAMENTO NAO LINEAR
Curva PV

v k-P
— A B - €
0.6
@
Ex 04 . . ,
3£ Table 3. Static P-V curve comparisons
= ovalova (n=6)
e = Nl e calova (n =6) 7
0.2 control (n=7) Control (n=17) ova/ova (n =6) P Value
Shape factor (k) 0.095+0.009 0.090 +0.006 0.63
0o Curve area 2542052 4242035 0.02
Values are means = SE. Comparison of P-V curves of control and
02 ova/ova mice in terms of the averaged shape factor as determined by
L e e e R e ion and P-V curve area.
R T % de B9 B Bi the Salazar-Knowles equation and P-V curve area
Pressure (cm/H,0)
Wagers, Scott, Lennart Lundblad, Henrique T. Moriya,
Fig. 4. Static pressure-volume curves of ova/ova (N = 6) and control Jason B T. Bates, and Charles G. Irvin. Noalineerity of
mice (N = T) at baseline. Loops proceed in a counterclockwise ‘m:“',j:;”'\ "',;;!“,J:\”:“”,\l‘jln‘lﬁ,flgy‘\l “‘3}3"'{1&1" jt:{:(
direction through inspiration and expiration. 10.1152japplphysiol 00883 2001 —Respiratory system resis-
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d
Figure 5.5 Normalized quasi-static pressure-volume data (circles) from the lungs of patients with
acute lung injury and from dogs with a variety of pathologies, showing that the points collapse BATES, . Lung mechanics: an
\ onto a single master curve described by Eq. 5.6 (line) (reproduced with permission from [89]). inverse modeling approach.
Cambridge. 2009 /
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Fraction of stiff springs

Figure 5.7 Simulation of the progression of pulmonary fibrosis using a two-dimensional network
of Hookcan springs. The solid curve shows the bulk modulus of the clastic network versus the
fraction of springs randomly stiffened by a factor of 100 (normalized to the modulus of the
network when all springs are stiffencd). The network configurations obtained when 0%, 50%,
and 67% of the springs have been stiffened are linked to their respective positions on the
modulus plot by the dotted arrows, and show that the percolation threshold occurs between 50%
and 67%. If all of the spring constants are uniformly stiffened in a gradual manner from the
bascline value of 1 to 100, the modulus follows the dashed diagonal line (reproduced with
permission from [101]).

modeling approach.
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Figure 7.3 The series two-compartment model of the lung. The model parameters are R, E1, R,
and E>. The compartmental pressures and volumes are P\(t), V1(t) and P(t), Va(t), respectively.
Pressure and volume at the airway opening, P(f) and V(1) respectively, are matched to
experimental measurements.
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Figure 7.5 The viscoelastic model of the lung with two degrees of freedom. The alveolar regions
are represented as a single uniformly ventilated compartment served by an airway with resistance
R,y The lung tissues are described by a Kelvin body consisting of three elements, E,, E>, and R,.
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Figure 7.9 Fit of Eq. 7.33 to the data shown in Figs. 5.2 and 5.3.
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Figure 8.1 Block diagram representation of the lung as a linear dynamic system. An input sine
wave of a given frequency will be transformed into an output sine wave of the same frequency,
but generally with a different amplitude and phase.
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SISTEMA LINEAR
Superposiciao

Input A Output A
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Figure 8.2 The principle of superposition. Panels A and B show two very dissimilar input signals
and the outputs that they gi\'c.ris.c to. Panel C shO}\‘s tl?at _w!'lcn these two inputs are added BATES, . Lung mechanics: 2n
K together, the resultant output is simply the sum of the individual outputs. inverse modeling approach.
Cambridge. 2009 /
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Figure 8.9 The action of a linear dynamic system on a general input signal. The signal shown in
the top left panel is broken down into its component sine waves (lower left panels), each of which
is then transformed by the system (lower right panels) and summed to produce the output (upper BATES, J. Lung mechanics: an

. inverse modeling approach.
K right panel). Cambridge. 2009 /
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Figure 810 A time-domain signal (top panel) was generated by adding random noise to the sum
of a sine wave at 50 Hz and another sine wave at 150 Hz. The presence of these two sine waves is
difficult to discern in the time-domain representation, but is apparent as two spikes at the
appropriate locations in the signal's frequency-domain representation as the power spectrum
(bottom panel).
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JHT Bates, KR Lutchen / Respiratory Physiology & Neurobiology 148 (2003) 133-164
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Figure 1.5 Synergy between forward and inverse modeling.
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Figure 8.12 An example of an optimal ventilator waveform ¥(f) signal containing frequencies
from 0.1 to 2 Hz (top). Its time-integral, V(1) has the characteristics necessary for conventional
ventilation of a human subject (middle), and produces a P(f) tracing at the mouth similar to that
normally seen with mechanical ventilation (bottom) (reproduced with permission from [150]).
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Figure 10.2 The single-compartment lung model with constant phase tissue impedance
characterized by the constants G and H. Ry is a Newtonian flow resistance, and / is an
inertance.
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