RESPIRATORY FUNCTIONS
MECHANICS OF RESPIRATORY SYSTEM
GAS TRANSPORT
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ms) | PHYSIOLOGY OF AIR PASSAGES
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IV COMPOSITION OF ALVEOLAR AIR
V ALVEOLAR-CAPILLARY MEMBRANE
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NASAL PASSAGES

PHARYNX Other physiological functions:

LARYNX @ 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

i

N
%;ﬂ Total alveolar area ~100 m?
AZ}E;'



CAST OF HUMAN AIR PASSAGES

: A TRACHEA

BRONCHI

BRONCHIOLES

TERMINAL
BRONCHIOLES

AERODYNAMIC RESISTENCE




ciliated cylindrical epithelium lamina propria

INNERVATION of
visceral

pleura Muscarinic receptors:
Acetylcholine activates
bronchoconstriction

B-adrenergic receptors:
Noradrenaline activates
bronchodilatation

glt ce]] blood vessels
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" BRONCHUS
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V. tidal volume ~ 500 ml

f =12/min

V, =Vaxt

@ Voxt ALVEOLAR VENTILATION
JLMC / 4.2 1/min

MINUTE

[N A [N

6 I/min

Vp=Vpxf




DEAD SPACE

vOLUNV \NC QU DR A

e | ANATOMICAL dead space - volume of air passages

e | FUNCTIONAL (total) dead space

ANATOMICAL dead space t+ total VOLUME of ALVEOLI without
functional capillary bed
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inverted bell

inspiration

expiration
water seal

subject




\_ ena of ulet mspiration
TIDAL VOLUME V7, { AN‘ O qUICT IISPITAOn |

0! Z <=0 0 -

~1.3 max1ma| exglratozz |eve|
RESIDUAL VOLUME RV ’

Principle of method: 1 Maximal expiration, 2 Repeated
DILUTION METHOD inspiration from and expiration into a reservoir (known volume

He V) with mert gas He (known concentration c;)
—> Equilibration of the air in the residual volume and reservoir
@ % I-(l;e 3 Calculation of residual volume RV from the initial and final
i

He concentrations in reservoir (¢; , ¢).




>3.01

end oI quiet expiration
" m—— | 1
1 maximal expiratory leve > RESIDUAL

~1.21
\ - J <3.01

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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 FUNCILIONAL INVESTIGALION OF 1 HE LUNGS |

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

P —
<
s 3 >~ VC
=
S 21 > FEV, i

| L> 80 %

Vc
% . 4
0 1 2 3 4 5 6 7 8 9
time (s)

o "PULMONARY MINUTE VENTILATION RMV (respiratory
) 0.5 13 12 breathes(min =6 lmin

MAXIMAL VOLUNTARY VENTILATION (M
PEAK EXPIRATORY FLOW RATE (PEFR) (~10l/s
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measured Sy . | [mm Hg]
curve theoretical _g
curve

ALVEOLAR (INTRAPULMONARY, LUNG

Pp; |INTRAPLEURAL (INTRATHORACIC
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= ACTIVE FORCES perforned by respiratory muscles
vy
" LASOINE FORCED Lenrescntcd DY
e lungs elasticity
e chest elasticity

MLOL81 1Y 40N 4 LY LA

INSPIRATION - active forces of inspiratory muscles prevail
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- RESPIRATURY MUSCLEDS |

accessory muscles

external intercostals

_ internal intercostals

diaphragm _
__ abdominal muscles




o diaphragm (> 80 % )
e external intercostals (<20 %)

in addition

e accessory inspiratory muscles (mm. scalene)
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SALINE

LUNGS ELASTICITY
E ' i
; HYSTERESI |
2 100 ..................................................................... ELOOP ........... INFLATION i
= - ‘ |
< opening 1 kPa=7.5 mm Hg
> 50 pressure
Y
0 | | | |
0.4 0.8 1.2 1.6 2.0
ALVEOLAR PRESSURE (kPa)




LAW OF LAPLACE

spherical structures

P pressure (transmural AP) I

r radius
T surface tension PATHOLOGY




SURFACTANT

~ EFFECT MAINLY IN THE EXPIRED POSITION

PHOSPHOLIPID <
dlpe.llmltoyl . exocytosis of
fosfatidyl cholin lamellar bodies . ot gbeseaeeg

hay umu”ﬂa
surfactargl 9 B __Q ” Mnaaaggggggggﬂ E surfactant
- A w:—- ._' .- o "@ a & : )

6N PNS 7
" macrofage

specialized granular
epithelial cells
PRODUCTION OF

thin eplthellal cells

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



DEFLATION

&
N
N/
S
150 /

VOLUME (ml)
[—
o
S

/ HYSTERESI
; LOOP INFLATION

Openlng
50 | pressure /
e <r* E
1
0 | l l l |
0.4 0.8 1.2 1.6 2.0

ALVEOLAR PRESSURE (kPa)

Factors involved in
HYSTERESIS LOOP

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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maneuver
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change of the volume @( 1)

decreased

increased
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ELASTIC (STATI RK (65%)

to overcome the elastic forces of the chest and lungs

P,
DYNAMIC WORK _ (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%)
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0, 20.98 % F,, 00.21
N, 78.06 % F,, [0.78
CO, 0.04 % F,, = 0.0004

Other constituents

8“@
|

= 760 x 0.21 = ~160 mm Hg
P,, = 760x0.78 = ~593 mm Hg
= 760 x 0.0004 ~0.3 mm Hg

1 kPa = 7.5 mm Hg (torr)
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periphery
capillaries

Co,

H,O

N,

' 0, 40.0 '

45.0

47.0

O, 33.0
H,O0 47.0
CO, 39.0 760 mm Hg

0, 95.0
CO, 41.0
H,0 47.0
N,

arteries




i < G

composition of alveolar air remains constant

50 — hyperventilation

(. .
hypoventilation

alveolar P, and P,,, (mm Hg)

0 | LO | | | >
0 2 4 6 8 10
alveolar ventilation (//min)

hyperventilation — hypocapnia — respiratory alkalosis

hypoventilation — hypercapnia — respiratory acidosis
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nucleus

epithelial cell

RED BLOOD

T
ALVEOLAR AIR CELL capillary
P =100 endothelial cell
02 —
Pcoy= 39

(mm Hg) 0, nucleus

diameter about 5 um

(RESPIRATORY)

interstitial space

i

1 ~1 pum

0.75 s

time interval of erythrocyte contact
with respiratory membrane at rest 23



equalization with
alveolar pressures
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____polypeptide cha




plateau area

50 — ----------- ’ Bl 1 BPG (2,3-bisphosphoglycerate)

steep portion 1 temperature

/ physiological range
0
50 100 - methaemoglobin
Poo (mm Hg)

CO saturation of haemoglobi

thsicallx dissolved ;53 sl.4%t




I RANDIURL U CUU,

A — CArponic annyvarase




CO, physically dissolved (~5.3%

CO,+ H,0 — HCO, + H" (~89%




total CO, content (mmo
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deoxygenated

00000000000000000000000

B oxygenated

blood
i physically difssoflved Co,
10 20 30 40 50 60
P o, (mm Hg)

70

\
a v& physiological values

in arterial and venous blood

1 |Hb.NH.COO-

2 | Hb +H* 2 HHb
deoxygenated blood in

—>  peripheral tissues

— O ungs

‘?

e —
DEOXY-H

CO, + H,0 2 H,C0,2 H*+ HCO;

LUNGS:

TISSUES: DEOXY-Hb binds H" more readily
(weaker acid) = 1 amount of chemically bound CO,

H™ is released from OXY-Hb =
| amount of chemically bound CO,

Hb-+ H* 2 HHb
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