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Mathematical model of CO, diffusion system
in inclusive of dynamics of alveolar Pco»

Hidetoshi Wakamatsu Tomohiko Usuki
Faculty of Medicine, Tokyo Medical and Dental University

Abstract : The CO, diffusion systemin lung is influenced by the change of alveolar CO, partial pressure and/or by
the change of pulmonary capillary CO, partial pressure caused by ventilation and CO, diffusion. A general
mathematical model of the CO, diffusion system including the effect of their change is derived from their physical
and chemical relation. The proposed model makes it possible to estimate alveolar CO,, end-capillary CO, partial
pressure and CO, diffusion flow under any ventilation condition. The analysis of the model has been made using the
variables and the parameters based on their physiological implication. The following two results consistent with
physiological knowledge have been obtained from the simulation experiment under the conditions of different tidal
volume and tidal ventilation period:

a) Less tidal volume causes higher alveolar CO, partial pressure, end-capillary CO, partial pressure and less CO,
diffusion.

b) More tidal ventilation period causes higher alveolar CO, partial pressure, end-capillary CO, partial pressure
and less CO, diffusion.
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Fig.1 Integrated CO, diffusion system.
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Tablel Variables & parameters |5cc02(t,|o)

PACO:(t) : CO, partial pressurein the integrated alveolus Pcco:(t,0) = Pvco: 3 (6Q)

Pccoa(t,l) : CO, partial pressurein the integrated pulmonary capillary (6b)

PVco, : CO; partial pressure in mixed venous blood

t
Veco:(t,1) : CO, volumein aminute element in the integrated pulmonary Pecoa(t,lo) = {'56002(0, lo) + WJ' exp(Wr) - PACO (7) - dr b - exp(-Wh)
capillary 0

Vdco,(t) : CO, diffusion volume from the integrated capillary to the integrated <0<lo<L > (6a)
alveolus

y T ) ! . t
a\]/\ijecél(zé(t) : CO, diffusion flow from the integrated capillary to the integrated ﬁcCOZ(t.Io) = {PYco, - eXp(_iTCC)) W J.exp(\Nz') - PACO» () - dr | - exp(-Wh)
lo

VRcO:(t) : Integrated CO, volume in inspire or expire gas v

Ficoa(t) : CO  fraction ininspired gas | VR(t) : Flow of ventilation <lo<0 > (60

FEecO- : End expired CO fraction before the first ventilation observed

lung pressure

A
DLCO: : Capacity of CO  diffusioninthewhole | PB : Atmospheric Timet
( Integrated .

Q : Pulmonary blood Vc : Blood flow speed in the integrated pulmonary pulmonary capillary
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Preoalll) -y (T,1) +W - Prco, (T)
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Table2 Setting of parameters for simulations

DLco,: 04 (I/min/ mmHg) | Pico: 45 (mmHg)
o : 0.00648 FEeco, : 5.57
: 5.00
(2/ mmHg) (%) Q M
Cc: 750 (m) | PB: 760 (mmHg) | FRC: 250 ()
Table2

TV:
VR(t)—— 7 - CO {— t——j {
TR:



PAco,(0) = PB- FEeco:

W
Pcco,(0,1) = {PVco, — PACo2(0)}- eXp(—I- |j + PAco2(0)
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Fig.6 Flow and volume of CO, diffusion under the
condition of different tidal volume.
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Fig.4 Ventilation pattern under the condition of different

tidal volume.
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Fig.5 Alveolar Pco, and end-capillary Pco, under the
condition of different tidal volume.
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Fig.7 Ventilation pattern under the condition of different
tidal ventilation period.
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Fig.8 Alveolar Pco, and end-capillary Pco, under the
condition of different tidal ventilation period.
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Fig.9 Flow and volume of CO, diffusion under the
condition of different tidal ventilation period.
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