RESPIRATORY FUNCTIONS
MECHANICS OF RESPIRATORY SYSTEM
GAS TRANSPORT




L Cantilage
s

Trachea | | 0
= Mainstem { / \ 1 A _\_'_f;
bronchi irvy .'F\ !
B A DAY
(cartilage) ; i ;E-:"
/ ‘ b 'E
Conducting [ 11 J‘?
ainvays
(anatomic 12
dead space) T
Tarminal 14
Bronchioles
(o cartilage)’ vl \ L SN
bronchicle
16 &
. Ll
s Aiveolus 17 (25 -Smooth
ralory A aoEy muscle fibers
bronchioles L Pulmonary “ﬁ,‘#ﬁ
|
. 19 vanule “{g
air spamt.:rm" " . ﬂﬂ Alveol
Alveolar 5y Teminal ? %mI@ = us
ducts rﬂﬁl:lil'atﬂffi ; ',ls = dke Alveolar
22 it g S=a 0 =5 capillaries
)




STEPS IN THE DELIVERY OF O, TO THE CELLS

VENTILATION
OF THE LUNGS

DIFFUSION OF O, ACROSS
ALVEOLAR-CAPILLARY
MEMBRANE

DIFFUSION OF 0,
FROM CAPILLARY TO
THE CELLS

O, UPTAKE ~300 ml/min

CO, OUTPUT ~250 ml/ min
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NASAL PASSAGES

PHARYNX Other physiological functions:

LARYNX e air is warmed, cleaned and takes up water vapour
TRACHEA e respiratory reflex responses to the irritants
BRONCHI e speech and singing (function of larynx)
BRONCHIOLES

TERMINAL BRONCHIOLES
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E;’) Total alveolar area ~100 m?
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AERODYNAMIC RESISTENCE
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ciliated cylindrical epithelium lamina propria

INNERVATION of
visceral

pleura Muscarinic receptors:
Acetylcholine activates
bronchoconstriction

B-adrenergic receptors:
Noradrenaline activates
bronchodilatation

Plartilage

gblt cel] blood vessels
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V.. tidal volume ~ 500 ml
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DEAD SPACE

UME NU QU DR A
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e | ANATOMICAL dead space - volume of air passages

e | FUNCTIONAL (total) dead space

ANATOMICAL dead space + total VOLUME of ALVEOLI without
functional capillary bed
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IIT ACTIVE AND PASSIVE FORCES
« RESPIRATORY MUSCLES

e LUNGS ELASTICITY
* COMPLIANCE
°* WORK OF BREATHING

IV COMPOSITION OF ALVEOLAR AIR




» ' \ /

 (measurements ot lung volumes, capacities, tunctional investigations, ...)
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DILUTION METHOD
He

Principle of method: 1 Maximal expiration, 2 Repeated
inspiration from and expiration into a reservoir (known volume
V) with mert gas He (known concentration c;)

—> Equilibration of the air in the residual volume and reservoir

3 Calculation of residual volume RV from the initial and final
He concentrations in reservoir (¢; , ¢;).




>3.01

L | RESIDUAL

J <3.01

N

VITAL CAPACITY = V., + IRV + ERV ~4.71

VC - the largest amount of air that can be expired after maximal
inspiration

TOTAL LUNG CAPACITY =VC + RV
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 FUNCLHTHIONAL INVESTIGALION OF 1 HE LUNGDS

TIMED VITAL CAPACITY (FEV, - forced expiratory volume per | s)

’\4_ _____
I\ _
£ - Ve
S 2 > FEV, i
| L> 80 %
Vc
< . 4
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time (s)

o "PULMONARY MINUTE VENTILATION RMV (respiratory
) 0.5 1 12 breathesimin = Jmin

MAXIMAL VOLUNTARY VENTILATION (M}V
PEAK EXPIRATORY FLOW RATE (PEFR) (~101/s
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pulmonalis parietalis
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= ACTIVEFORCES performed by respiratonmuscles
vy
" LASDIVEFORCED ICDresented DY
e lungs elasticity
e chest elasticity

UL L RESLIRALION

INSPIRATION - active forces of inspiratory muscles prevail




accessory muscles

external intercostals

internal intercostals

diaphragm
~abdominal muscles




o diaphragm (> 80 % )
e external intercostals (<20 %)
)R ) I O | 1n addition

e accessory inspiratory muscles (mm. scalene)
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LAW OF LAPLACE

spherical structures

P pressure
r radius

T surface tension PATHOLOGY




SURFACTANT

PHOSPHOLIPID <«
dlpglmltoyl : exocytosis of
fosfatidyl cholin lamellar bodies tmm“ )
4 LERL g
surfactaﬁ{_g” _g“” MGN ggguggggguﬂgg surfactant

specialized granular
epithelial cells
PRODUCTION OF

fatty acids, choline, glycerol
amino acids, etc.)







O, 20.98%

N, 78.06 % F,, C0.78
CO, 0.04 % F,,, = 0.0004
Other constituents

UK

Poz = 760 x .21 =

~160 mm Hg
P,, = 760x0.78 = ~593 mm Hg
= 760 x 0.0004 ~0.3 mm Hg

1 kPa = 7.5 mm Hg (torr)
20



760 mm Hg
right heart
‘ s
left heart
0, 40.0 760 mm Hg
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nucleus

epithelial cell

RED BLOOD
CELL

e —
w capillary

endothelial cell
P,, =100 '

Pcor= 39

(mm Hg) 0, nucleus

diameter about 5 um

(RESPIRATORY)

interstitial space

0.75 s

time interval of erythrocyte contact
with respiratory membrane at rest 23



venous blood

02 *° mm Hg
. ! equalization with
alveolar pressures
mm Hg

APy EOmMHE ||
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CO, physically dissolved (~5.3%

CO,+ H,0 — HCO, + H* (~89%




deoxygenated
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physically diisso;lved CO, deoxygenated blood in

n —>  peripheral tissues
10 20 30 40 50 60 70

oxygenated blood in
Py, (mm Hg) <«

the lungs

CO, + H,0 2 H,CO,=2 H*+ HCO;

TISSUES: DEOXY-Hb binds H" more readily
Hb-+ H* 2 HHb

(weaker acid) = 1 amount of chemically bound CO,

LUNGS: HT isreleased from OXY-Hb =
| amount of chemically bound CO,
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LAPLACE LAW (responsible for high opening pressure of alveoli)

Dynamic changes in the DENSITY of surfactant molecules during
INSPIRATION and EXPIRATION
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 COMPLIANCE (VOLUMESTRETCHABILITY) |

Valsalva VC

maneuver

pressure

Miiller’s
1 maneuver

change of the volume @( 1)

I I
100 -50 0 50
alveolar pressure

increased



ELASTIC (STATI RK (65%)

to overcome the elastic forces of the chest and lungs

P
DYNAMI RK _ (35%)

» to overcome the resistance of air passages during the air
movement — AERODYNAMIC RESISTANCE (~ 28%)

e to overcome the friction during mutual movement of
inelastic tissues — VISCOUS RESISTANCE (~ 7%)




