Disorders of ventilation to
perfusion matching in lungs
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High Altitude Hypoxia
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High Altitude Hypoxia Climbing

Barometric pressure drop
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High Altitude Hypoxia climbing'lA

Barometric pressure drop
%
Fall PO2 in inspired air
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High Altitude Hypoxia CIimbingi‘

Barometric pressure drop
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High Altitude Hypoxia ClimbingL

Barometric pressure drop
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Fall PO2 in inspired air
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High Altitude Hypoxia CIimbingl‘
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High Altitude Hypoxia
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High Altitude Hypoxia

HEADACHE, INSOMNIA, ANOREXIA, TIREDNESS

Hypocapnia

t

Intracerebral
hypertension

1

Brain vasodilatation H Flow increase

Brain
vasiconstriction
(hypocapnic brain
vasoconstriction
lasts only 2-3 days)



High Altitude Hypoxia

Mount Everest climbing
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High Altitude Hypoxia

High altitude disease complicatien

HIGH ALTITUDE PULMONARY EDEMA

HIGH ALTITUDE BRAIN EDEMA

RIGHT VENTRICULAR INSUFFICIENCY




High Altitude Hypoxia _
Alveolar hypoxia

HIGH ALTITUDE PULMONARY EDEMA



High Altitude Hypoxia _
Alveolar hypoxia
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Unevennes hypoxic Pressure
vasoconstriction of lung arterioles f1S€

!

Increase of pulmonary
arterial pressure
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Hypoxie vySkova

I Alveolar hypoxia
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Hypoxie vyskova

I Alveolar hypoxia
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Hypoxie vyskova

I Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles f1S€
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Increase of pulmonary
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|

Pressure rise in unprotected
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_ Basement membrane
Exudation damage

Neutrophiles activation Thrombocyte activation

Inflamatory factors
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High Altitude Hypoxia _
Alveolar hypoxia

HIGH ALTITUDE LUNG ADAPTATION



High Altitude Hypoxia _
Alveolar hypoxia
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High Altitude Hypoxia :
Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles f1S€
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Pulmonary vasculature
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High Altitude Hypoxia )
Alveolar hypoxia inferior
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High Altitude Hypoxia

| Hypocapnia | | Hypoxia |
Hypocapnic
stimulus for 1l
brain 4
vasoconstrictio Big stimulus for

vasodilatation
and hyperemia

Hypocapnic
stimulus for

brain
vasoconstrictio Increase of
n lasts only 2-3- brain vascular

flow

HIGH ALTITUDE BRAIN EDEMA

days



High Altitude Hypoxia
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CO,

1. Ventilation

3. Diffusion

2. Perfusion




What is the function of lungs?

Alveolus

Ventilation — mechanical function of the
lung — get air in and out

Perfusion with blood — get blood in and
out

Diffusion — get gas molecules from air to
blood and back

Matching of ventilation and perfusion



Possible respiratory system
disturbances

« /[ ventilation

« /[ perfusion

« /[ distribution of ventilation and per-fusion
= ventilation perfusion mismatch

« /[ diffusion

- Important: Ventilation, perfusion and their |
distribution are feedback regulated al
processes.

 Disturbance:

— 1. In the effector part (lungs, resp. muscles
for ventilation, heart for perfusion)

— 2. In the regulator part (sensors, CNS eqg. in
uremia, liver in hepatopulmonary
syndrome)




The overall measure of
respiratory system function

« PO2 & pCO2 in arterial blood -
(,Astrup®)

* O2 solubility in water is low => need of
Hemoglobin

« pO2=13,3 kPa =100 Torr
« pCO2 =5,3kPa=40Torr
(1 kPa=10cm H20 = 7,6 mmHg or Torr)







A HEMOGLOBIN TETRAMER C CONFORMATIONAL CHANGES WITH O BINDING
F helix of Hb

As the Fe** moves

downward, it pulls the

attached histidine and F

helix downward as well,

lv‘:: causing the Hb to switch

L A from the tensed (T) to the
relaxed (R) state.

Heme «

YA

When O, binds to the Fe®*, the heme
changes from a dome-like to a planar
conformation, pulling the Fe** downward.

r|:j Iy Cl,
CH, EITHE
COO" COO"

Boron & Boulpasp: Medical Physiology, 2nd Edition,
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved,
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Hemoglobin o

saturation
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At P, of 40, Hb carries more
O, when temperature is low...
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60 temperature is
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A RESPIRATORY ACID-BASE ISTURBANCES
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Whole-blood
total-CO. content
(mL COy/dL)

70

60

50

40

30

20

10

For a given Pcqy,,
CO, content of blood
increases as Pg, falls
(Haldane effect).

Dissolved CO,

40 42 44 46 48 50

10 20 30 40

50

PC'DE
{mm Hg)

60

70

80

90

100



(mUdL)|
o, mntent

{m:FEHn}



Generation #

L7
Interstitial  Endothelial Red blood
space cell cells



airway generation

epithelium

alveolar granulocyte (type Il cell)

alveolar macrophage

0-9 trachea and bronchus
mucous surface layer
goblet cell
ciliated cylindrical cell
brush cell
basement membrane cell

10—-14 bronchiole
mucous surface layer
brush cell
ciliated columnar cell

15—-18 respiratory bronchiole
mucous surface layer
ciliated cubical cell
Clara cell

19-23 alveolus

surfactant

alveolar epithelial cell (type 1)

tunica fibrocartilaginosa
tunica fibromuscularis
mucosa and submucosa
lumen




s lumen site mucociliary transport aerodynamic filtration

gasflow (generation) of particles of particles (diameter)
nasal cavity
nasopharynx
pharynx
trachea (0)
impaction
(=2 um)
bronchus (1—9)
sedi-
mentation
(5—
0.2,.m)
goblet diffusion
cells (<0 1 Mm}
bronchiole (10—14)
several
hours
respiratory bronchiole
(15—18)
ciliated 24 hours
epithelium

alveolus (19—23) removal-time




airway (number)

terminal bronchiole (1)

respiratory bronchiole (appr. 15)

alveolar duct (appr. 1500)

alveolar sac (appr. 2500)

alveolus (15,000—20,000)

pleura



Deoxygenated ...whereas

blood from oxygenated blood Almost all blood
right heart goes from left heart goes to returns to left heart
to alveoli... conducting airways. via pulmonary veins.

R \

Pulmonary Bronchial Bronchiole Pulmonary
artery artery vein




leucocyte

alveolar epithelial cell (type 1)
— erythrocyte

— capillary endothelial cell

AN pore of Kohn

— alveolar interstitium

L_10 pm |

alveolar granulocyte (type I1)

— alveolar space

dimensiones of the alveolar-capillary membrane

overall thickness:

0.30—1.00 um

alveolar epithelium:

0.15—0.35 um

epithelial basement membrane:

0.05—0.20 um

endothelial basement membrane:

0.056—-0.40 um

capillary endothelium:

0.05—-0.25 um




alveolar
capillary
membrane

erythrocyte
blood plasma
endothelium
interstitium
epithelium
surfactant

alveolar space

alveolar interstitium (elastic and collagenous fibres)

surfactant

epithelium (alveolar surface cell; type 1)
basement membranes

endothelium

erythrocyte

nucleus of the endothelial cell

capillary lumen (blood plasma)

alveolar space

(0.7 um

P

7 pum

alveolus

CO, O

blood

CO. O,

alveolus






External intecost. m. ]

Internal intercost. m.

_1

expiration

inspiration



Pneumothorax



Alveolar ventilation

FRC = Function residual capacity






Named in honor of

Professor Charles Dawd Keelrng, \
Scripps Instrrutron of Oceanography
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FiCO,=0 VCO,

Alveolar ventilation
VCO2 = F,CO2 * VA

VA =VCO2/F,CO2 VCo,

P,CO2 = F,CO2xBarometric pressure

VA = k,xVCO2/P,CO2
PACO2 = kpXVCO2IVA
K

STPD BTPS

PxV (P-PH,0)xVBTPs _ 760xVBTPS
- 273+ t°patient B 273

PACO21tor = 0,863*VCO2[miimin sTPD)/VA[min BTPS]




PaCO2

v

VA



ViO=F,0,xVA V.0,=F,0,%VA

PACO2 PAO?

VO,=V,0,-V;0,

VO,=F.0,xVA - F,0,xVA
F,0,=F.0, - VO,/VA
P,0,=P.0, - kxVO,/VA

» VA

PACO2itor = 0,863*VCO2[miimin sTPD)/VA[Imin BTPS]




PaCO2

PaO2

v

VA



Alveolar Ventilation Controls Rate of Breathing by
Influencing pCO2 and pO2

I VA
7 S S
/ ~
>/ > N
‘ pCO, lp()2 VE=VD+VA |Respir. Centre
>
L
t VA / §Q
// NN - pCO2 g
7 S 00, S

| pco, PO,



Why the airplane flies?
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Why the airplane flies?




Why the airplane flies?
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Narrowing of bronchiole (bronchoconstriction, mucus...)




Narrowing of bronchiole (bronchoconstriction, mucus..)

Inspiration — the narrowing is opposed by neg. introthoratic

T

pressure

\\/

v




Narrowing of a bronchiole (bronchoconstriction, mucus..)

Expiration — nothing opposes the narrowing of a bronchiole

v




Narrowing of a bronchiole (bronchoconstriction, mucus..)

Forceful expiration - leads to worsening of the obstruction

v




It is expiration that is difficult with intrathoratic obstruction




Air Captioning — premature closure of

. | ~ broncnhioli
The air trapped in alveoli during
expiration exerts pressure on ) The trapped gir
the alveolar membrane *, co T T T

/ \ 4 \\

/7 \ / \

// \ / . 1

¥ * /I N Air 'l

Tendency to alveolar I,’ orm captioning
memb_rane destruction and y End of !
evolution of emphysema inspiration /

/7 \
dead space :>
/
emphysema N g
norm pny End of
expiration

\ VD VA

The alveolus doesn’t manage

VA to empty itself, thus, alveolar
VD ventilation decreases







Non-emphysematous lung
VE=VD + VA



Centrilobular emphysema

VE=VD+VA — VE=VD +va



Panlobular emphysema

VE=VD+VA — VE=VD +va



Alveolar Ventilation Controls Rate of Breathing by
Influencing pCO2 and pO2

I VA
7 S S
/ ~
>/ > N
‘ pCO, lp()2 VE=VD+VA |Respir. Centre
>
L
t VA / §Q
// NN - pCO2 g
7 S 00, S

| pco, PO,



Emphysematous form of the chronic obstructive lung disease

VE = VD + VA emphysem:E ve =t VD +$IVA compensaticEf\/E - VD + VA

v
Normalizatior:/of VA
Respiratory centre
Emphysema

Norrn b1y 1pC02 \j normal pC02

‘pOz normal PO,

, pink puffers”
7 A
VA VD , | BTN
V4 N -

/
Normal P,O, — no hypoxia (until total resp. failure)

\

|

<4 I

/ I

Greater VE’ to bring to normal VA I
I

| _  Greater volume must be ventilated per minute '



Obstructive form of the chronic obstructive lung disease

VE = VD + VA obstructioE VE= VD +{va compensatic:EfVE = VD +tva
/ A /

v
Compensatory increase VA
bstruch Respir. centre j
. opstruction PAN 1pC02 \j normal pC02
'I ;pOZ ‘ PO, stays‘
JVA
Alveolar
Hypoventilation ,blue bloaters*
)
I

I
Normal P,CO,, lower PaO, — hypoxia
<

/
Increased VE in order to increase the VA



Obstructive form of the chronic obstructive lung disease

VE =VD + VA

obstructio>

A"

compensati

on

!\
obstruction J VE = VD + §va
0 .

Respir. centre

ftpCO, \j

‘pOz

alveolar

hypoventilation

d

1YE = VD +tva

v

Compensatory increase of VA

normal p002

‘ p02 stays(%

-

~blue bloaters”

f
I

I
Normal P_,CO,, decreased PaO, — hypoxia

4

/
Increased VE in order to increase VA

Why pCO, “manages”
to normalize and pO,

not?



Obstructive form of the chronic obstructive lung disease

VE = VD + VA obstructio’@ VE= VD +{va

VA = (VA1 + VA2)

N
VE = VD + (VA1+VA2) :)bstructioln/ VE= VD +( va1+ VA2)

7

' B 1
1 f !
\ \

JVA

tVA
$pCO, $pCO,
‘poz tpO,
Hypoventilated | Hyperventilated
alveolus alveolus




Obstructive form of the chronic obstructive lung disease

VE= VD +( va1+ VA2)

va  tVA

Total CO, |

$pCO, $pCO,
tpoz tpO,
Hypoventilated | Hyperventilated IpO, TVA $pCO
alveolus alveolus PLYs




Obstructive form of the chronic obstructive lung disease

VE= VD +( va1+ VA2)

compensati@ tVE = VD +ha1 HVAZ

Respir. centre )\
va VA
N/

} !
) Compensatory increase of VA1, VA2

$pCO,

‘poz
Hypoventilated
alveolus

$pCO,

1p02

Hyperventilated
alveolus

‘pO2 pCO,
norm.
Total CO,
. '4 ______
—————— 1 "h EEEEEEEEEEEEEEEEEEESN
(e — — —




Obstructive form of the chronic obstructive lung disease

VE= VD +( var+ VA2) compensati@ tVE = VD +Hva1 +1VA2

} !
) Compensatory increase of VA1, VA2

Respir. centre )\
va VA
N/

|pO,| PCO,

\57 norm.

. blue bloaters*

$pCO, $pCO,

PO, tpO,

Hypoventilated | Hyperventilated
alveolus alveolus




Obstructive form of the chronic obstructive lung disease

VE= VD +( var+ VA2) compensati@ tVE = VD +Hva1 +1VA2

} !
) Compensatory increafe of VA1, VA2

}
Respir. centre )\
va VA
N/

£1p0O, | pCO;
norm.

Decrease infl
of hypoxic blood

ﬁ _blue bl()&a\térs“

JVA

Edema
Arteriolar
vasoconstriction in
1pCO ‘pCO hypoventilated Right heart
2 2

alveol i iciencyy
PO, tpO,

Hypoventilated | Hyperventilated Precapillary pulmona Cor pulmonale
alveolus alveolus hypertension




Partial respiratory insufficiency

VE= VD +( var+ VA2) compensati@ tVE = VD +Hva1 +1VA2

) Compensatlory increalse of VA1, VA2
Respi t l 1
espir. centre

*WA\J/VA

|pO,| pCO,
norm.

| Partial respiratory insufficiency
VA

Hyperventilated alveoli are able to
maintain normal pCO, level, but

1PCOz MDCO2 they are not keep up normal level
O $pO of pO,, therefore pO, drop.
H;p 2 N p:rveznt.lated Patient suffer from normocapnia
ypoventilate y | _
alveolus alveolus a hypoxia.




Global respiratory insufficiency

N
VE= VD + ( va1+ VA2) compensatlcy 1VAE = VD +1VA1 +1VA2

} !
) Compensatory increase of VA1, VA2

Respir. centre )\
va VA
N/

‘poz 1pC02

Global respiratory infufficiency
JVA

Hyperventilated alveoli are unable
to maintain normal pCO, level,

1pCO2 “)(;()2 pCO2 level rises. Pacient suffer
;pOz 400, from bc_)th hypercapnia a
. . hypoxia.
Hypoventilated | Hyperventilated
alveolus alveolus




Ventilation-perfusion



Ventilation-perfusion

A5

L/min
% lung volume

410 Blood flow

Ventilation

Rib number




Ventilation-perfusion

Dead space




Ventilation-perfusion

VA/IQ

hypoxia

Right-left shunt



leucocyte

alveolar epithelial cell (type 1)
— erythrocyte

— capillary endothelial cell

AN pore of Kohn

— alveolar interstitium

L_10 pm |

alveolar granulocyte (type I1)

— alveolar space

dimensiones of the alveolar-capillary membrane

overall thickness:

0.30—1.00 um

alveolar epithelium:

0.15—0.35 um

epithelial basement membrane:

0.05—0.20 um

endothelial basement membrane:

0.056—-0.40 um

capillary endothelium:

0.05—-0.25 um




Oncotic pressures (torr) /\
Starling equilibrium in pulmonary capillaries



1. —ISF volume\increase
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Filtration to alveoli
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ISF — storage for edematous fluid
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Acute Respiratory Distress
Syndrome ARDS

Acute respiratory distress + risk factor (infection, aspiration, pankreatitis, trauma)

Hypoxemia

Bllateral pulmonary inflitration on RTG

Normal right atrial pressure (pulmonary wedge pressure< 18 torr)
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Acute Respiratory Distress

Syndrome ARDS —

_ Activation of alveolar macrophages
Collapse of alveoli

Surfactant production damage

VA/
" Q.

hypoxia Inflammatory activation of alveolar cells

S

Penetration of protein rich fluid Na+? §
%
Deposits of fibrine (hyaline membanes’ N {,\@'\

Entdothelium activation

Adhesion of thrombgeytes
Activation of coagulation — inhibition of fibrin@

Neutrophyles activation

T Neutrophyles migratit

/\



Kostni dren

erytropoetin_

ledviny

::Q- a <ezeodoume

Cristae Matrix Inner
\ membrane

CTuukg > *0, —CO0;
Bilkoviny N\ e
mitochondrie ;
Outer
burika membrane

mitochondrie



Oxygen Graph
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