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Gas exchange in lungs

» Gas exchange occurs by two main mechanis

» 1) Bulk flow: the movement of air from high
pressure to low pressure,

from eternal environment to internal environment,
from the atmosphere

through the trachea (and airways) all the way down
to the alveoli. This happens because of the differenc
In pressure between the alveoli and the atmosphere.

All molecules and gases move as unit.

Driving pressure: difference between alveolar and
atmospheric pressure.




» 2) Diffusion: gas diffusion from alveoli to blood (s
oxygen) AND diffusion of CO2 from blood to alveoli.

Diffusion occurs due to several factors:
a) Pressure gradient.
Dalton’s law:

Partial pressure = specific gas fractional concentration x
gas pressure

(total pressure is usually the atmospheric pressure)
Partial pressure = gas tension

Ex: At sea level, PO2 is 160 mm Hg (760 mm Hg = 0.21).

Oxygen pressure varies among different sites; inspired P
160, in the conducting zone it's 150, in the alveoli it's 10



First, because of the remaining air from previou
second, the water vapor, PH20 is around 47, so t
gas pressure would be 760-47= 713, then the resu
be multiplied by 02 fraction (0.21), so PO2= 0.21x71
After that oxygen diffuses into blood in the alveoli,
finally it would be 102.

Diffusion gradient of 02 between alveoli and blood=
alveolar P02 (102) - (40) = 62

Diffusion gradient of CO2= venous blood PCO2 (46) -
alveolar PCO2 (40)= 6

Diffusion gradient of 02 > Diffusion gradient of CO2

b) Diffusion properties of the alveolar-capillary me
c) Pulmonary capillary blood flow.
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-from previous pic:

*P02 is lowered in arterial blood (102 to 95) du
physiological shunt: deoxygenated blood from B
circulation, and deoxygenated blood from corona
sinuses which supplies the myocardium (heart w
deoxygenated blood due to non functional alveoli.
factors cause blood that passed oxygenation in the
to go to the left ventricle directly, lowering PO2 in't
arteries.

*Why is that P02 in expired air =116, when alveolar P
=1027?

Because of fresh air in the conducting zone (anatomi
dead space), around 150 ml, which increases P02 |
expired air.




Factors Affecting Diffusion

Partial Pressure Gradients

Initial state:
no O, in solution

¥ T Po, =100 mm Hg

Po, =0 mm Hg

., g/

The Henry law states that at
equilibrium, the amount of gas
dissolved in a liquid at a given
temperature is directly proportional to
the partial pressure and the solubility
of the gas.
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At equilibrium, P05 in air and water is
equal. Low O, solubility means concentrations
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Po, = 100 mm Hg
[O5] = 5.20 mmol/L

2

Po, = 100 mm Hg
[O5] = 0.15 mmol/L




» Warming up of inspired air decreases the solu
blood, preventing air bubble emboli, which can

» PO2 in blood is the amount dissolved gas, not the
chemically combined gas (like hemoglobin bound

» In the pic bellow: concentrations are not equal due
solubility in blood. Note: CO2 is more soluble in bloo
02, that's why CO2 concentration is larger than 02
concentration.

clotting in blood vessels.

When CO, is at equilibrium at the same
partial pressure, more CO2 dissolves.

Pco, = 100 mm Hg
[CO,] = 5.20 mmol/L

Pco, =100 mm Hg
[CO,] = 3.00 mmol/L

At equilibrium, Po, in air and water is
equal. Low O, solubility means concentrations

are not equal.
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Po, =100 mm Hg
[O,] = 5.20 mmol/L

Po, =100 mm Hg
[O5] = 0.15 mmol/L



» Factors affecting solubility are: temperature (i
proportional), and partial pressure.

» Concentration of dissolved gas= partial pressure
solubility

More solubility and more partial pressure differenc
more concentration.

» CO02is 24 time more soluble than 02, and CO2 has 1.
times more molecular weight than 02. But if we con
both of these factors CO2 would diffuse 20 times fast
than 02, because it has large diffusion coefficient (D).

» Diffusion of any gas is directly proportional to: surface
area, (D), pressure gradient. But diffusion is inversel
proportional to thickness of the alveolar-capillary
membrane (respiratory membrane) and molecu
weight. (FicKs law).




» The diseases that are associated with hypoxia and hyp
which one will appear faster? Or which one the body ca
faster?

we can answer that according to what we studied (that's
said).

*C02 outward diffusion is 20 times faster than inward 02 diff
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Factors Affecting Diffusion o

Alveolar-Capillary Membrane Aveoa pielalcls

(respiratory membrane) Nveo,a,,,an_/'

» Alveolar-capillary membrane (also
called respiratory membrane) forms
the blood-gas interface that
separates blood in the pulmonary
capillaries from the gas in the alveoli.

Surfactant

Basement membrane of
[ alveolar epithelium

Alveolar lumen

Basement membrane of
capillary endothelium

Capillary part
The alveolar-capillary membrane

O
is exceedingly thin, and is mainly
composed of alveolar epithelium, -
interstitial fluid layer, and Red cell membrane
capillary endothelium. Inraerythrocyte fluid
Hb molecule
alveolar-capillary obstruction syndro‘
Pulmonary edema: fluid in interstitial space 22{,?3&:,'2"3.35?5 Zii:é'}.iﬁ,';e,?;: EI::: Ioatr

increases diffusion distance. Arterial Pcq Emphysema: destruction of alveoli means lung compliance may decrease alveolar
may be normal due to higher CO, solubili&. less surface area for gas exchange. ventilation.

Exchange surface normal
Pg,, normal Foz normal
2 Po i normal .

:E// Increased diffusion distance Po ) low
~ Pg, low
2

== Po,low




» What's the importance of the fluid layer in the

» Making surface tension, and it plays a role in fa
the transmission of 02 from the alveoli to the ca
how ? Works as a trapping machinery of 02, trap
diffuse it to the epithelial lining of alveoli .. in this
transmit 02 from alveolar space  ( gas) into liqui
then into intracellular fluids (type 1 cells ) then inte
fluids, finally into capillaries... so you minimize the s
difference in physical states of transmission ,you ma
iImagine it better by applying it on the oil droplets that
use in microscope resulting in a better view. (credits t
colleague Zainab Akram).



» In some diseases like fibrosis, there is thickeni
epithelial layer of the alveoli, meaning no good
leading to low PO2 and high PCO2, because of ba
02 and bad removal of CO2.

» In emphysema, there is a decrease in surface area,

to decrease in gas diffusion, again bad diffusion will
low PO2 and high PCO2.

» In edema, there is an accumulation of fluid in the inte
fluid or even in the alveoli, which increases diffusio
distance, leading to bad diffusion, low PO2 and high PC




Factors Affecting Diffusio
Gases

Alveolus
pO2 = 104 mm Hg
. pCO5 = 40 mm Hg
Cap] llary BIOOd FIOW \CDE CO2 COz CO- C'DE/
o Normally, the transit time o o I N, I J B 1

(time taken by the red cells
to pass through the

capillary), is approximately
0.75 sec, during Wh'ICh the Arterial end Pulmonary capillary Venous end

gas tension in the blood pO2 of alveolar E;' Or 102 B
equilibrates with the gas o= [ 104

tension in the alveoli. =100 7 E/P

o With increase in cardiac g 07 /o

output, blood flow through g 80

the pulmonary capillaries = 70— f

increases that decreases o 60—/

the transit time (i.e., the = 50~ / |

time blood is in capillaries 40 i . .
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» The blood is fully saturated with 02 within the
the transit time, it takes only 0.25 sec for satur
Is the importance of that?

To make a safety margin when blood flow Is increa
when we do exercise there will be more flow (incre
volume and speed), this relatively short amount of ti
Insures fully saturation.




Types of Exchange

Gas exchange across the alveolar/pulmonary capillary barrier is described as either

diffusion limited or perfusion limited.
Diffusion-imited (CO) Perfusion-limitad (N;0)

...................................... Pa Pa Start of End of
capillary ”» capillary

Alveolar l

Mormal

IN,O

O, (abnormal)

Pa (pulrmonary capillar)
Pa (pulmonary capillary)

Partial pressure

Lenqth along pulmonary capillary Lenath along pulmonary capilary { I co
T T

Baginning End of Beginning End of
of caplary cply ol calay ey 0 25 50 75
Time in capillary (sec)

A 0.75 ° 0.75 o T




» From previous slide:

*dashed green lines in the top of the first pic represen
partial pressure.

In the beginning, blood PCO and PN20 is zero, so there
diffusion from alveoli to blood.

In the case CO diffusion, you can see that there is no equili
saturation (the curve is going up), and the gradient is still p
This case is called diffusion limited (diffusion dependent).

In the case of N20, you can see that there is an equilibrium o
saturation. This case is called perfusion limited (perfusion
dependent), because | can increase diffusion if | increase perf

*02 diffusion is perfusion limited (there is equilibriumin n
onditions)




Ventilation-Perfusion ratio

» Alveolar ventilation: is the amount of air that rea
alveoll.

Alveolar ventilation= (tidal V-dead space V) x respirat
(12 breath\min) = 4.2 liter

Perfusion(Q): is the blood flow. (blood flow in 1 minisc
cardiac output)

Cardiac output= stroke volume(70) x heart rate(70) = 5 lit

Ventilation-Perfusion ratio (\WQ)= 4.2\5 = 0.8 (hormal)

*If the V\Q ratio is normal, this does not necessarily m
hat ventilation is normal, VAQ just indicates the ma
etween ventilation and perfusion.



» cont.

» EX: If there is problem with aeration in one part
ventilation will decrease, and VAQ will decrease
after some time there will be a physiological respt
called hypoxic vasoconstriction, that will lead to &
decrease in perfusion. So a decrease in both ventila
and perfusion, the V\Q ratio will be normal again.
neither ventilation nor perfusion is normal.




Ventilation-perfusion r

*Ventilation-perfusion ratio is the ratio
of alveolar ventilation to blood flow
(perfusion) in lung.

*Thus in a normal lung, the overall VIQ DEFECTS
ventilation/perfusion ratio is
approximately 0.8, but the range of V
/Q ratios varies widely in different lung

i'rc') meatching

Alveclus

units.
" copilary "
*A mismatch of ventilation and =Y
: S 1 7
perfusion, called V/Q mismatch, or

defect, results in impaired 02 and CO2

transfer. %5 S

*A V/Q defect can be caused by: =

1 eventilation of lung regions that Doad space Hightid Lowiid Rightto-oft shunt
are not perfused (dead space) (V/Q &%, o, o, P, i,
= °°) Phaoy =P, + Peco, 1Apﬂ{": Pag, = PV,
)

2 eperfusion of lung regions that are
not ventilated (shunt) (V/Q = 0).
and
*Every possibility in between (High
V/Q, Low V/Q)




» 1) dead space case: the is no perfusion, so there is
exchange, and PCO2 in these alveoli = PCO2 in inspi
so the WA ratio = «

» 2) right-to-left shunt (simply shunt) case: the blood i
right side of the heart goes directly to the left side of t
without being oxygenated in the lungs. In this case the
aeration, and no ventilation. So the V\Q ratio = 0. and art
P02 = venous PO2= 40, because the venous blood didn't g
oxygenated (no aeration, no ventilation). \

» And there is in between,
High VAQ: relatively high ventilation %5
(in apex) pE———
Low VAQ: high perfusion (in base) g -
t Pag, * Pag,



Regional Differences in
Ventilation/Perfusion Ra

Ventilation
(L/min)

b ———————

Ratio

~ Blood flow

Flow per unit lung volume
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