Respiratory Physiology
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STRUCTURE of respiratory system

- Conducting zone

- Respiratory zone



STRUCTURE of respiratory system

- Conducting zone

(nose, larynx, trachea,
bronchi, bronchioles)

The walls conducting airways
contain smooth muscle

-Sympathetic
-Parasympathetic

-P2 receptors

relaxation, dilatation of the airway



STRUCTURE of respiratory system

- Conducting zone

Anatomic dead space

-V of the conducting airways

Physiologic dead space

-V of the lungs that does not
participapate in gas exchance



STRUCTURE of respiratory system

- Conducting zZone Physiologic dead space (VD)

-V of the lungs that does not
participapate in gas exchance

Paco, — PEco,

VD = VT x
Paco,

VT - tidal volume
Pa.,, — P, of arterial blood
PE,, - Pco, of mixed expired air



STRUCTURE of respiratory system

Respiratory zone

Alveoli

Lung ~ 300 x 10° alveoli



l I diaphragm
inspiration expiration



inspiration — mm. intercosales externi



expiration — mm. intercosteles interni



inspiration — mm. intercosales externi

expiration — mm. intercosteles interni



inspiration — mm. intercosales externi

expiration — mm. intercosteles interni



inspiration — mm. intercosales externi

expiration — mm. intercosteles interni



inspiration — mm. intercosales externi

expiration — mm. intercosteles interni



inspiration — mm. intercosales externi

expiration — mm. intercosteles interni



inspiration — mm. intercosales externi

expiration — mm. intercosteles interni
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pleura parietalis

l I diaphragm
inspiration expiration



pleura visceralis

l I diaphragm
inspiration expiration



pleura parietalis
transmural pressure

pleura visceralis

l I diaphragm
inspiration expiration



pleura parietalis

pleura visceralis

l I diaphragm
inspiration expiration



l

inspiration

pleura parietalis

pleura visceralis

I diaphragm

expiration



inspiration

pleura parietalis

transmural pressure

pleura visceralis

I diaphragm

expiration



| Lung volume
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Flaural pressura
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pleura parietalis
transpulmonal p.

pleura visceralis

l I diaphragm
inspiration expiration



PNEUMOTHORAX

pleura parietalis
transmural p.

pleura visceralis

l I branice - diaphragma

inspirace expirace



alveoli

pleura parietalis
transmural p.

pleura visceralis

l I diaphragm
inspiration expiration















ventilation




Physiologic dead space

Is the volume of air in the lungs
that does not participate in gas exchance (i.e.e it is dead)

Anatomic dead space — is the volume of conducting airways

Functional dead space volume — which is made up of alveoli
that do not participate in gas exchance
(alveoli that are ventilated,
but are not perfused by pulmonary capilary blood)



Physiologic dead space

PaCOZ - PECOZ

V, - physiologic dead space (mL)
V; - tidal volume (mL)

P.co, — Pco> Of arterial blood (mmHg)
Pccos - Pcos Of expered air (mmHg)



Physiologic dead space

PaCOZ — PECOZ

500 x 0.25
125



Alveolar ventilation

A = (V- Vp) x breasths/min

A - alveolar ventilation (mL/min)
VT - tidal volume (mL)

VD - physiologic dead space (mL/min)



Alveolar ventilation

A = (V- Vp) x breasths/min

V, =(500-125)x 16
=375 x 16

= 6000 mL/min









diffusion










Respiratory bronchiole
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Pressures Causing Fluid Movement
CAPILLARY ALVEOLUS

Hydrostatic |
pressura

Osmolic
prassura

MNet
pressure

| Lymphatic pump

© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.cornr



Epithelial
Alveolar basement
epithelium membrane

Fluid and
surfactant
layer

Alveolus

Diffusion

Diffusion  Jif |

Red blood

Capillary endothalium
Interstitial space Capillary basemeant membrane
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ventilation

diffusion




ventilation
- static volums
- dynamic volums
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STATIC VOLUMS

Lung volume (ml)

G000 - Inspiration
A
5000 -
Inspiratory Inspiratory| | Vital Total lung
reserve capacity| |capacity capacity
4000 o volume
30004y | S, e
2000 Expiratory Functional
reserve voluma residual
capacity
1000 <
Residual sk
volume il
Y
Time
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DYNAMIC VOLUMS

Physiological value:

FEV1
-------- x100 >80%

vC

A
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~h
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DYNAMIC VOLUMS

OBSTRUCTION

J FEV1
=VC

Restriction

JVC
= FEV1

A

1s i t
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Triggers

Bronchitis bzw.
Bronchiolitis

Erkaltungs-
krankheiten
und Virus-
infektionen ‘.

TN,

A ¥

::fa}\, %E"" ;

Federn -
- Mébel-
Hausstaube polsterung

ity
Farben Zigaretten- Industrie- 1 ‘ s
und Lacke rauch chemikalien
N J Schadstoffe
R in der Luft
Schadgase

Schalen- Tomaten,
Niisse Schokolade Fische tiere Erdbeeren

kérperliche
Belastung

Temperatur-
schwankungen
L} Penicilline 4 ,
Wz 5 » y
9 Andsthetika

Vakzine verschiedene i)
Medikamente ASPirin




4 Rauchstopp “ Meiden von Luft-
verunreinigung
(umwelt- oder
arbeitsbedingt)
und von Temperatur-
extremen

A. Meiden von auf die
Atemwege wirken-
den Reizstoffen

4

“ Fortsetzung
der iiblichen
Betatigungen
bis zum Er-
reichen der
Leistungs-
grenze

# Gegebenenfalls
zusatzliche
Ubungen

« Meiden von Menschen-
ansammlungen und
Personen mit Atemwegs-
infektionen. Impfung
geglfn Grippe und Pneu-
mokokken wichtig

& Prompte Behandlung von
Atemwegsinfektionen u.a.
mit Antibiotika und Bettruhe

Mehrere kleine Mahlzeiten,
Imbiss vor dem Schlafengehen

D. Ausreichende Fliissigkeitszufuhr E. Ausreichende Ernihrung

4 Installation von Luft-
filtern und Klimaanlagen

& Spezifische

Atemgymnastik

F. Atemiibungen mit
geschiirzten Lippen




Differential diagnosis

A Stauungsinsuffizienz
(Asthma cardiale)

§
. < Lungen-
embolie

& Mediastinale
Gewebsmassen '
(Tumoren, [
Lymphknoten) = _¢
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4 (Kruppéses) Larynxodem

< (Akute oder chronische)
Bronchitis bzw. Bronchiolitis

4. Aspiration
(Nahrungsmittel
oder Fremdkérper)

2 Inhalative Reizstoffe

(Industrie- oder
Heimchemikalien)

“ Angeborene
Schniirringe

. Tracheobronchiale
Tumoren

AR

= Aortenaneurysma

“ Larynxtumor oder -Z?Ste
(kénnen Kugelventilform haben)

4. Bronchiektasen oder
sonstige Lungenkrankheiten
(Infekte, neoplastische
Prozesse, Granulomatosen)

< Farmerlunge
(allergische Alveolitis
im Sinne einer
asthmatischen
Mischreaktion)

Hiatushernie
mit Reflux

{

4 Nervos bedingte Hyperventilation




&

Nebennieren-

rinde %’
} sympathische
‘& Nervenfasern

parasympathische
% Nervenfasern

|
. potentiation of beta-adrenergic receptor
~bronchospasmolytic effect
| cholinergic antagonism
reduction in mucus production

T . Glukokortikoide

Q Plasma-Clearance
o, £

- anti-inflammatory effect
- block the formation of antibodies
w - stabilization of lysosomes block
- formation and release of histamine




DYNAMIC VOLUMS

RESTRICTION
= FEV1
JVve

vC

1s i t



difusion
alveolo-capillary
membrane

actant)



difusion
alveolo-capillar
membrane

actant)






Pressures Causing Fluid Movement
CAPILLARY ALVEOLUS

Hydrostatic |
pressura

Osmolic
prassura

MNet
pressure

| Lymphatic pump
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Pulmonary edema
- cardiogenic
- noncardiogenic

A. Linksherzinsuffizienz:
Dyspnoe und Orthopnoe;
Venendruck nicht erhht

B. Linksherzinsuffizienz bei Zustand nach
Vorderwandinfarkt. Die Kontrastmittelfiillung
des linken Ventrikels (links Systole, rechts
Diastole) zeigt nur geringe Wandbewegung
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Cyanosis
(right ventricle)

A RECNIShErZ-
insuffizienz:
Zyanose, Stauung
derJugularvenen,
Hepatomegalie,
Aszites, Odem-
bildung an abhéingi-
gen Korperpartien,
erhohter Venendruck

B. Hochgradige Dilatation des rechten Ventrikels
infolge eines Mitralkl#:penvitiums als Ursache
einer Rechtsherzinsuffizienz

W
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C. Peripheres Odem bei Rechtsherz-
insuffizienz. Auf Druck bleibt eine
Delle eine Zeit lang bestehen




Causes of cyanosis

Central cyanosis

Decreased arterial saturation
Hemoglobin abnormalities

Peripheral cyanosis

Reduced cardiac output

Cold exposure

Redistribution of blood flow from extremities
Arterial obstruction

Venous obstruction


















dg. pulmonal emboli




Dg. pulmonal emboli




Bohrs effects

% hemoglobin
saturation 1

100

v



Bohrs effect — O, hemoglobin dissociation curve

% hemoglobin
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Shift to the right

% hemoglobin 1
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Shift to the right

% hemoglobin
saturation
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Bohr effect

% hemoglobin
saturation

100
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Values of pO, and corresponding values
of percent saturation of hemoglobin

pO, mmHg saturation (%)
10 25
20 35
25 50
30 60
40 75
50 85
60 90
80 96

100 98



Alveolus Poz = 104 mm Hg /

|4 I | 14 | &
==

k ' Y
dﬂg =40 rﬁrﬁlﬁgnw GB*FHH&F';EE = 104 mm Hg)

Arterial End Venous End

e T

110 4 Alveclar oxygen partial pressure
100 -

Blood Po; (mm Hg)
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Venous end
of capillary

Artenal end
of capillary

{| PO, =95 mm Hg PO, = 40 mm Hg
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Capillary

ey
r |

Red blood cell Interstitial
fluid
Cell
o.(
CO,;-=—C0,
"/

e CO.transported as:
ci= HCO.- 1. GO, = 7%
" 2. Hgb = CO,; = 23%
Pl 3.HCO,~ = 70%
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Contral (young adults)

Average 45-year-old adult
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