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Ventilation

. Total ventilation - total rate of air flow in and
out of the lung during normal tidal breathing.

. Alveolar ventilation -represents the amount of
fresh inspired air available for gas exchange
In alveolar gas compartment

Va=Ve-Vp
Also;

Vo= VaXFcoo
VA = Veo2/Pcos



P, ., = 160 (dry) Air (sea level)

[— Total ventilation (V',)

P, ., = 150 mmHg
P, w0 = 47 mmHg (saturated)

(anatomical
dead space)

Airways

’—— Alveolar ventilation (V',)

Note: all regions
saturated with H.O
except for inspired
air (but tracheal
air is saturated)

Alveoli

Frco: = V'e/V',s

Alveolar Air Equation
P,.oo & P depend
YR e (breathing air)
upon V', & V', and
ventilation rate (V',) P.oo = P, ., = P,..,/R




Alveolar gas equation

paOy = F1Os( Paray — pH30) —

Pa CGE
RER

where:

PAO2

FIO2

PATM

pH20

paCO2

RER

The alveolar partial pressure of
oxygen

The fraction of inspired gas that is
oxygen

The prevailing atmospheric
pressure

The saturated vapour pressure of
water at body temperature

The arterial partial pressure of
carbon dioxide (pCO2)

The respiratorv exchanae ratio

107 mmHg

21

760 mmHg

47 mmHg

40 mmHg

0.8



Anatomical Dead space

- Volume of the conducting airways.
. Usually 150 MI.

. Increases with large breath.

- Measured by Jfwaswouer 0 s
method.
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Physiologic dead space

Physiologic dead space is the volume of
lung that does not eliminate CO2

0, ~CO., .
- ' — (Bohr equation)

An normal subjects,

Anatomical D.S = Physiological DS

Aoatients with lung disease, the

physiologic DS > Anatomical D.S
Anequality of blood flow and ventilation
within the lung



Breathing | Tidal Breathing Minute | Dead Space | Alveolar
Pattern |Volume | Frequency |Ventilation| Ventilation |Ventilation
(ml) |(breaths/min)| (ml/min) (ml/min) (ml/min)

normal |

quiet 500 12 6000 | 150X12=1800| 4200
breathing

shallow |45 4 6000  |150X40=6000| O

& fast

deep& | 4409 6 6000 | 150X6=900 | 5100

slow




Dead space ventilation

- Pulmonary embolism
- Vascular obliteration ex. PAH
- Emphysema



Regional Differences In
Ventilation

- ANchange I n vol ume per

. lower regions of the lung ventilate better
than do the upper zones.

. Supine position-ventilation of the lowermost
(posterior) lung exceeds that of the
uppermost (anterior) lung.

. Lateral position -the dependent lung Is best
ventilated.



Why ?
Aveight of the lung - lower portions of the lung
requires a larger pressure below it than above
it

Antrapleural pressure is les
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. At low lung volumes the intrapleural

-4 cm H,0

p reSS u J Intrapleural I rway
2\ pressure (RV)
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Airway Closure

. The compressed region of lung at the base
does not have all its gas exhaled out.

. airways In the region of respiratory
bronchioles close first trapping gas in the
distal alveoli.

1. only at very low lung volumes in young normal
subjects.

2. Elderly airway closure in the lowermost regions
of the lung occurs at higher volumes

. Dependent regions of the lung may be only

Intermittently ventilated leading to defective

gas exchange



Distribution of Blood Flow

- Blood flow within the lung is unequal.

160
{/_> Radiation >
COUNEars 5 W00k
et 8
7 — ..5.
»> 8
: - iR
\ > | 3 6Gop
" —\ -Q
I L‘: - Y . ﬂ m
Sotiom Top
ol 1 1 1 |
0 5 10 '5 20 25

Destance up lung {cm)



Mean = 15 Mean = 100

Artery

Systemic

coth upper and lower
., crease, and the regional
) less pronounced.

Jtion of blood flow Is due
ressure differences
WIThIN the DIood vessels.

. difference in pressure between the top and
bottom- 30 cm of H,O

- This Is a large pressure difference for a low-
pressure system as the pulmonary
circulation

J Appl Physiol 15: 405-41



Alveolar
Pa

o d
PN

Pa
|
Arterial

Venous

Py
|

Zone 1
Pa> Py > P,

No blood flow possible.

Severe hemorrhage
Positive pressure ventile

OAl veol ar .¢€

Distance

Blood flow —»




. Zone 4 -can be seen at the lung bases at
ow lung volumes or in Pulmonary oedema.

Pulmonary interstitial pressure (PI) rises as
ung volume decreases due to reduced
radial tethering of the lung Parenchyma

Pa > Pi>Pv>PA

Transmural Pressures Ppl

Ppl
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/G’J o= = i S
- _ N | Extra-alveolar
| Py=Pa—Ppl = 7 4 vessels
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Shunt

. blood that enters the arterial system without
going through ventilated areas of the lung.
. Physiological
Bthebesian veins
BBronchial veins
. Pathological
Blntracardiac
BA-V malformations




Shunt equation

Q']‘ X (:a(): = QSX C\—;“: + (Ql B QS) X (-:C("):

-

I

Q Cc")‘ —(Jvm

Q- - total blood flow

Qs= shunt blood flow

CvO2= 02 concentration in shunted blood
Cc002= 02 concecadllanat 1
blood

CaO, _O, concentration in the arterial blood




- a 5% shunt for every 100 mm Hg
decrease in Pao2 below 700 mm Hg
while the patient is breathing 100%.

- If Pag, on Fiy, 1.0 is 200, the shunt is
approximately (700-200)* 5 ie 25 %.

- Pure shunt does not respond to
iIncrease in Fig,

- ARDS T 25-50% shunt, responds to
PEEP.



Ventilation-Perfusion Ratio

Concentration - *ou
V/Q — X

Stirrer

What determines the concentration of dye ?
Arate at which the dye is added (ventilation)
Arate at which water is pumped (blood flow)



Alterations In the Ventilation-
Perfusion Ratio
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02-C0O2 diagram
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Regional changes in V-Q
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Regional differences in gas
exchange down the normal lung

Vol | Va ‘ Q |Va/Q| Po, |Pcog| P, | O2 |co.| pH | 02 |co:
. Conc. in out
(%) | (1/min) | | (mmHg) 00 miy (mil/min)
7T 1 .24 07 | 3.3 132 28 203 |[20.0] 42 | 7.51 4 8
¢
/ | £ H\
i‘ !f \1
13 | .82 |1.29|0.63] 89 42 282 |[19.2] 489 | 7.39] BU 34




- Po2 at the apex Is higher than at the
pase of the lung.

. However, the major share of the blood
eaving the lung comes from the lower
zones, where the Po2 is low.

. This depresses the arterial oxygen
saturation.




V-Q mismatch in disease state.
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Low V-Q ratio.

PO, 50 mmHg
Sat 80%
02 content 16ml/dl

PO, 100 mmHg
Sat 100%
02 content 20ml/dl
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A Units with high V-Q ratio add little oxygen to
the blood, compared the decrement caused
by the alveoli with the low ratio.

. The net result of these mechanisms is a
depression of the arterial Po2 below that of
the mixed alveolar Po20 alveolar-arterial
O2 difference.

. Normal-4



. CO2 dissociation curve Is linear

. Although the elimination of CO2 is
impaired by V/Q inequality, this can
be corrected by | mcreasmg the
ventilation to the g

CO,CONTENT (mift 00 mi)

|
40 60 80

PCQ (mmHg)



Distributions of Ventilation-
Perfusion Ratios

I I I
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AAIll the ventilation and blood flow goes to
compartments with normal V-Q ratio of 1.0.
Ano blood flow to the unventilated
compartment (shunt).




V-Q distribution in COPD
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abnormally low VA /Q, causing hypoxemia.
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Hypoxic vasoconstriction

- Alveolar hypoxia constricts small
pulmonary arteries

. direct effect of the low PO2 on vascular
smooth muscle

- Directs blood flow away from poorly
ventilated areas 'gninimizing the arterial
hypoxemia.

- Bronchodilators can abolish this
mechanism and cause mild hypoxia by
Increasing the blood flow to poorly
ventilated areas.



Ventilation or blood flow (L/min)

V-Q mismatch in Asthma
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- Bronchodilators increase the
hypoxemia, by abolishing the HPV

and , increasing the blood flow to lung
uni ts with | ow V/Q



V-Q mismatch in Pulmonary
Edema _
Aabnormal accumulation = @

of fluid in the =7

extravascular spaces A Normal

and tissues.

fsevere hypoxemia A~ @

results from; il @[ L
AShunt - > 50 % e odon

Alood flow to low V-
Q areas

C. Alveolar adema
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Pulmonary Embolism

. Moderate hypoxemia without carbon

dioxide retention

A diffusion impairment

A opening up of latent pulmonary a-v
anastomoses

A V-Q inequality-areas with High V-Q ratios

A dead space ventilation

A Shunting



- blood flow Is greatly reduced but not
completely absent, leading to areas
withhighV-Q r at i1 o0s.

. Shunt occurs due to blood flow
through the areas with hemorrhagic
atelectasis, in which the alveoli are not
functional.



. The large physiological dead space In
pulmonary embolism can cause
hypercapnia, however the substantial
Increase In ventilation maintains the Paco,
at a normal level.

- In the setting of acute PE, hypercapnia
reflects massive embolism as the
ventilatory muscles are unable to sustain
the marked increase of minute ventilation
needed to maintain normal arterial Paco?2



Interstitial Pulmonary Fibrosis

- Basic pathology -thickening of the
Interstitium of the alveolar wall

. Spirometry -restrictive pattern

- Characterized by hypoxia and
hypocapnia at rest.

- mild hypoxia at rest, worsened by
exercise.



Cause of hypoxia ?

V-Q Inequality Diffusion impairment

Major factor during rest Major factor during exercise

D.I minor factor, as lung Exercise-Z t i me f or
as enormous reserves pulmonary circulation

of diffusion at rest. Further worsens hypoxia

V-Q Inequality

|l nadequate y 11
( ZPaO2 in mio>
)

Inappropriately high

Resppi ratorv r at



hypoxemia can be explained by the degree of

VA /Q inequality at rest.
Measured PaO2 below

predicted in exercise !
Additional hypoxemia is
due to D.|
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