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Fyziologie respiracniho systemu.
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Otazky z fyziologie — vseobecné lekarstvi

— 22: Hypoxie a ischemie

— 25: Ventilace plic, plicni objemy a jejich méreni

— 26: Mrtvy prostor a jeho méreni

— 27: Odpor dechovych cest a jeho méreni

— 28: Rozepsany vydech vitalni kapacity, smycka prutok-objem

— 45: Povrchové napéti v alveolech. Surfaktant.

— 46: Poddajnost plic a dechova prace. Pneumotorax

— 47: Slozeni atmosférického a alveolarniho vzduchu. Vyména plynua v plicich a tkanich
— 48: Pfenos 02 a CO2 krvi. Disocia¢ni kfivka hemoglobinu pro kyslik.
— 49: Regulace dychani

— 50: Obranné reflexy dychaci
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22:Hypoxie a ischemie

— Nedostatek kysliku ve tkanich (neplést s ischemii)
— Ischemie — nedostatecné prokrveni tkané — zahrnuje hypouxii,
hyperkapnii, nahromadéni metabolitu, nedostatek Zivin,....)

— Nejbeéznegjsi typy hypoxie :

— Hypoxicka

— Anemicka Z

— Ischemicka . Ry 88 ERY EB )0

- Histoloxicka @ ATTTAVETUN
UiN

ERY: © 3.4 — 4.4 * 102
345-55%1012
00,: 21kPa MUNI
ED
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22: Hypoxie and ischemie

— Hypoxicka:
— fyziologicka: nadmorska vyska % Z Z 00)
— | pO,; N Ery R swso Py ==/ P @%@

— porucha dychacich svall, dechového centra, opiaty, porucha ventilace-perfuze, snizena
difuze pres alveolarni membranu

— Anemicka:

— snizena transportni kapacita krve pro kyslik Yz /m/vé%vvvm 88

— N pO,; | Ery/Hb
— Ischemicka (cirkulacni, stagnacni):

— shizeny prutok krve tkani (obstrukce arterie, selhavani srdce) w?f) é R é ) %
— N pO,; N Ery &
— Histotoxicka
— porusené vyuziti O2 bunkami (toxiny, kianid) 83 Z 88
,— NpO,; NEry o A MUNT
MED




25: Ventilace plic, plicni objemy, meéereni

— Principem je stanoveni rychlosti proudéeni vzduchu z merenych
rozdilu tlaku mezi vnitfni a vnéjSi stranou membrany spirometru,
objemy jsou dopocCitavany (spirometry systemu PowerlLab).

— Principem je mérfeni rychlosti proudeni vzduchu definovanym

prufezem z otaek turbinky a objemy jsou dopocitavany

(Cosmed). o N oo 7

K h (o] " t . SIS LA |
r u V r S p I r r _—To tubing connections on ; =_. z
g .~ rear of Spirometer Pod Maouthpieca
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25: Ventilace plic, plicni objemy, meéereni

V1]

IRV (2,5 1)

IVAVAVRVAVAVAWATAVA

ERV (1,5 1)

RV (1,5 1)

— klidovy dechovy objem [Vt] — objem vzduchu vdechnuty do plic z polohy klidového vydechu

— rezervni inspiraéni objem [IRV] — maximalni objem vzduchu, ktery muze byt usilovné nadechnut navic po normalnim nadechu

rezervni expira€ni objem [ERV] — maximalni objem vzduchu, ktery mize byt usilovné vydechnut navic po normalnim vydechu

rezidualni objem [RV] — objem vzduchu, ktery zlstava v plicich po maximalné usilovném vydechu
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25: Ventilace plic, plicni objemy, meéereni

V1]
IRV (2,5 1)
A
Vt (0,5 1)
- v dl -
\/ ERV (1,5 1)
A4
RV (1,51)
\ 4
Kapacita plic: Dynamické plicni parametry:
— rezervni inspiraéni kapacita [RIC]= IRV+Vt - MV
— rezervni exspiraéni kapacita [IRV]= ERV+Vt - MMV
— vitalni kapacita plic [VC] = IVR+V{+ERV
— funkéni rezidualni kapacita [FRC] = ERV+RV
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25: Ventilace plic, plicni objemy, meéereni

Dynamické plicni parametry

VI
—FVC - usilovna vitalni kapacita; maximalni objem
vzduchu, ktery lze po maximalnim nadechu prudce
FEV,

O vydechnout

>

t —FEV, — usilovné vydechnuty objem za prvni sekundu;
objem vzduchu vydechnuty s nejvétSim usilim za 1.
sekundu po maximalni nadechu

= —FEV,/FVC (%) — Tiffeneadv index — kolem 0,8 (80 %)

1s t[S]
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25: Ventilace plic, plicni objemy, meéereni

VI

FEV,

Obstrukéni poruchy plic

FEV,
1s
(FVC=N; FEV,=|)
— CHOPN
Physiology department

trachealni stenéza
astma bronchitis

nador v dychacich cestach

t[s]

VI

FVC > FVCI

|

1s
Restrikéni poruchy plic
(FVC=|; FEV,=N)
pulmonalni pfic¢iny
— plicni fibréza

— resekce plic

— plicni edém

— pneumonie

ts]

Extrapulmonary etiology

ascites
kyfoskolioza
popaleniny

vysoky stav branice
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25: Ventilace plic, plicni objemy, meéreni

Heliova dilu¢ni technika

C=

VX c, = (RV +V,) Xc,
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26: Mrtvy prostor

Qutside

TV =500 mL
body Pure Oy

)_—Lips E

150 mL

A
Anatomical dead space

}150 mL

Inhalation

[N,] PROFILE OF EXPIRED AIR WITH NO MIXING

Vb
[N of
expired air
Dead-space Alveolar
air air
Volume of
expired air

Air mixes in lung
—

a jeho meéreni
n }150mL

Pure O,

Expiration
_p-

Diluted
N

MEASURED [N,] PROFILE

N
Pure alveolar
air

Va b

[N2] of

expired air

e Mixture of dead-space
and alveolar air

Pure dead-
space air

Volume of
expired air
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26: Mrtvy prostor a jeho mereni

Alveolar part )
of tidal Tidal
volume Deadspace Mixing volume

Va volume VT
Vb
— FAco, Fco, | —> —> FEco,
Alveolar CO, Dead space _ CO, volume
volume CO, volume in expired air
VA-FAcp, + VD-Fico, = VT - FEco,

-—- VA=VT-VD Fico,=0 Insert values

Bohr equation Using normal values:
| 0.5(0.056 - 0.040)

VT (FAc02 — FECOz) VD = 0.056
FAco, Dead space VD= 143 mL

Dead space VD =
12 Physiology department
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27: Odpor dechovych cest a jeho mereni

Pneumotachograf

je pristroj tvoreny paralelné uspofadanymi trubickami o stejném ——
priméru. Jedna z trubicek ma blizko obou svych koncl (tjstnl'ho — ~

a vne]smo) odbocky s hadickami. Ty jsou napojeny na snimac tlaku, {/rikj/j

-
ktery umoznuje merit ,rozvdlly, tlaku vzduc_hu na zacatku,a na konC| \D//E\ﬁ;—’
pneumotachografu  umerne rychlosti  vdechovaneho nebo Ny
vydechovaného vzduchu. ;- g
V= AP App }39 -P, R =R APalv _
B S R Y e
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28: Rozepsany vydech vitalni kapacity,

smycka prutok-objem

Principem je mereni rychlosti proudeni
vzduchu definovanym prufezem z otacek
turbinky a objemy jsou dopocitavany
(Cosmed).

PEF - vrcholovy vydechovy prutok; nejvyssi
rychlost na vrcholu usilovhého vydechu
(odpovida vzduchu v hornich DC)

MEF - maximalni vydechové pratoky
(rychlosti) na ruznych urovnich FVC, kterou
je jeste tfeba vydechnout (nejCastéji na 75 %,
50 % a 25 % FVC)
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46: Poddajnost plic a dechova prace.

Pneumotorax

— hlavni:

— musculi intercostales externi
— diaphragma

— pomocné:

— musculi scaleni
m.serratus anterior, posterior, superior
m.latissimus dorsi
m.pectoralis major, minor
m.subclavius
m.sternocleidomastoideus

Verebra /

Vdechové svaly
dechové svaly

Sternum

15 Physiology department | E ﬁ ; "\

— hlavni:

— musculi intercostales interni

A \— pomocné:

— svaly stény bfisSni
— m.serratus posterior inferior
— m.quadratus lumborum
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46: Poddajnost plic a dechova prace.
Pneumotorax

Ingpiration Expiration

poplicnice

AN
pohrudnice
alveolarni : /\

(pulmonalni) tlak | \/

Pleurdlni tlak | \ f
(vzdy zaporny)

‘ Pleuralni tekutina
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45: Povrchové napeéti v alveolech. Surfaktant.

— pneumocyt |l. typu

— snizuje povrchové napéti v zavislosti na velikosti alveolu
— zvysuje poddajnost plic

Laplacelv zakon (pri konstantni tenzi):

Cim vetsi je polomeér alveolu, tim mensi je tlak v alveolu

— dochazelo by k presunu vzduchu z mensiho alveolu do
vétSiho — kolaps mensich alveolu

>

B p=2T
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46: Poddajnost plic a dechova prace.
Pneumotorax

Odpor respiracniho systému

— Elasticky odpor:

— napéti elastickych vlaken
— povrchoveé napéti v alveolech

— Neelasticky odpor:

— viskdzni odpor hrudniku
— odpor dychacich cest

——

Dechova prace:

— Elasticka

— Viskozni

— Prace odporu DC

18 Physiology department
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46: Poddajnost plic a dechova prace.
Pneumotorax

V()
TLC

[ N N |
d

space

Pt: Py, and P,y

alv

and P

Pt (kPa) Pt: P alv E
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46: Poddajnost plic a dechova prace.
Pneumotorax

>

20 Physiology department

Pt (kPa)

V (I)

_

2

Pt (kPa)
Dechova prace:
1 - Elasticka
2 - Viskozni
3 - Prace odporu DC
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47: Slozeni atmosférického a alveolarniho
vzduchu. Vyména plynu v plicich a tkanich
SLOZENi SUCHEHO ATMOSFERICKEHO VZDUCHU

0, 20.95% Fo, [0,21
N,  78.09% Fy, 00,78
CO, 0.03% Feo, C0,0004

BAROMETRICKY TLAK VZDUCHU NA UROVNI MORE
1 atmosféra = 760 mm Hg

PARCIALNI TLAKY PLYNU SUCHEHO VZDUCHU NA UROVNI

MORE
Poz = 760 x 0,21 = ~160 mm Hg
P,, = 760x0,78 = ~593 mm Hg
P.o, = 760 x0,0004 = ~0,3 mm Hg MUNTI
21 1 kPa = 7,5 mm Hg (torr) M ED




47: Slozeni atmosférického a alveolarniho
vzduchu. Vymeéna plynu v plicich a tkanich

Inspired air Expired gas
O, = 160 O, =116
CO,=0.3 | | CO, = 32
Physiological (

dead space Physiological
. shunt
Alveoli CO, 40
Right he:?_,M ,—\2 | Left heart
(—v —— " \\
O; =40 |systemic Systemic | Oz =95
CO, =46 | veins arteries | CO, =40
\_ Capillaries Y.
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48: Prenos 02 a CO2 krvi. Disociacni krivka
hemoglobinu pro kyslik.

A

O2 je prenasen Krvi:
— fyzikalné rozpustény (1%)
— v chemické vazbé s Hb (99%)

~ Fetalni hemoglobin (2a, 2y, vysoka afinita k 02)
— Methemoglobin (Fe3+)

- Karboxyhemoglobin (otrava CO)

_ Karbaminohemoglobin (navazany CO2)

~ Oxyhemoglobin (navazany 02)

— Deoxyhemoglobin (bez navazaného plynu)
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48: Prenos 02 a CO2 krvi. Disociacni krivka

hemoglobinu pro kyslik.

100 |- —

- Shift to left

gol- (Psod) Shift to right _

(Pso T)

60

Normal Psg -

% Hb saturation

40

20

| ] | j | 1 | 1
0 20 40 60 80 100 120 140

Po, (mm Hg)
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Vazebnou kfivku Hb ovlivAuji:
— pH krve

— obsah CO, v krvi

_ teplota

— koncentrace 2,3 - DPG
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48: Prenos 02 a CO2 krvi. Disociacni krivka
hemoglobinu pro kyslik.

CO2 je prenasen Krvi:

_ fyzikalné rozpustény (5%)

— ve formé bikarbonatovych aniontt (85%)
— v chemicke vazbe s Hb a plazmatickymi
proteiny (10%)

CO,

Hb—>H* + HCO,—H,CO; " CO, + H,0
@

Cl-

==
m e
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49: Regulace dychani

1 4

Pons

Jugular ganglion

Medulla
Nodose ganglion

Superior cervical ganglion

Phrenic nerve Vagus nerve

Intercostal nerves
Pulmonary plexus

Intercostal muscles Sympathetic chain

Diaphragm
& U Parasympathetic

26 Physiology department B sympathetic

- Motor (to skeletal muscle)
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49: Regulace dychani

Pneumotaxic center

Fourth ventricle ——

Dorsal respiratory
group (inspiration)

Ventral respiratory
group (expiration
and inspiration)

Vagus and
glossopharyngeal ——— Respiratory motor
pathways

==
m e
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49: Regulace dychani

CN IX
afferants Sinugoid
1

Type

- (glomus) call

|" | pharyngeal
AR / nenve
Preganglionic

parasympathetic
efferent axon

Parasympathatic—|_[iste

ganglian ‘ ,—“l
: h it

cell

Type 1l
{sustentacular)
cell

Sym [il_athetic Artericle
analion !
muscle
cell
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49: Regulace dychani

29 Physiology department

2

Higher brain centars

(cerebral cortex-voluntary

Emoctional stimuli acting
through the limbic system

|4

Peripheral
chemareceptors

Oz4,CO,t , H™#

Central

chemoreceptors
CO,t, H™

Receplors in
muscles and joints

contral over braathing)

Respiratory cenlers
[medulla and pons)

Stretch receptors
in lungs

Receptors
for tauch,
and pain
stimuli

tempearaiure,

==

m a
O =




50: Obranneé reflexy dychaci

— Kratschmerav apnoicky reflex — rizné Skodliviny a chemické latky podrazdénim sliznice nosu vyvolaji zpomaleni az
zastavu dychani, laryngo a bronchokonstrikci — ochrana pred prunikem skodliviny do plic

— Diving reflex — studeny podnét na tvafi a sliznici nosu vede k zastavé dychani

— Laryngalni chemoreflex — podrazeni laryngealnich chemoreceptord vyvola apnoi, laryngo- a bronchokonstrikci, hypertenzi
a bradykardii (zastava dechu a Setfeni kysliku pro mozek a srdce béhem apnoe) — ochrana dolnich dychacich cest pred
vstupem Skodlivych latek

— Kychani — aktivované mechano a chemoreceptory v nose — silny nadech, zvySeni tlaku v plicich pfi zaviené hlasivkové
Stérbiné (kompresivni faze), otevieni stérbiny a vypuzeni ciziho télesa nebo hlenu ven (explozivni faze)

— Kasel - podobné jako kychani, ale podrazdény jsou receptory laryngu, trachey a bronchd a cilem je posunout cizi téleso
nebo hlen jen na laryngus

— Expiraéni reflex — prudka respirace pfi podrazdéni hlasivek — ochrana pfed vstupem télesa do dolnich dychacich cest

— Kromé vyse popsanych reflext jsou plice chranény pfed poskozenim:
pfitomnosti chlupt (vibrissae) v dutiné nosni (zachytava prachové ¢astice)
pritomnosti fasinkového epitelu krytého hlenem (fasinky posouvaji hlen stale jednim smérem — do hltanu, novéji se hovofi o tzv. mukociliarnim eskalatoru).
plicnimi alveolarni makrofagy (fagocytuji cizorodé, napf. prachové Castice)
pritomnosti protilatek v bronchialnim sekretu (IgA)
30
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A50: Respiratory responses to irritants

Cough Reflex

Cough is an expulsive reflex that protects the
lungs and respiratory passage from foreign
bodies.

Causes of cough:

— lIrritants-smokes, fumes, dusts, etc.
- Diseased conditions like COPD, tumors of
thorax, etc.

Pathway for cough reflex:

- Receptors in nose, paranasal sinuses,
pharynx, trachea, pleura, diaphragm,
perichondrium, stomach, ex.auditory canal
and tymphanic membrane

—  V,IX,X cranial nerves and phrenic nerves

—  medulla

— X cranial nerve, phrenic nerve, spinal
motor nerve

—~ primary and accessory respiratory

B1  muscles

Sneeze Reflex

Sneeze is defined as the involuntary
expulsion of air containing irritants from nose.

Causes of sneeze:

— lrritation of nasal mucosa
— Excess fluid in airway

Pathway for sneeze reflex:

—  Olfactory receptors or V cranial nerve
endings

— landV cranial nerve

— medulla — nucleus solitarious and reticular
formation

-V, VII, IX, X cranial nerves and intercostal
muscles

—  pharyngeal,
muscles

tracheal and respiratory

Hiccup

Hiccup is spasmodic contraction of the
diaphragm which causes a sudden intake of
breath that is involuntarily cut off by closure of
the glottis, thus producing a characteristic
sound.

Causes of hiccup:

— Eating too fast or too much

— Strokes, brain tumors, damage to the
vagus or phrenic nerve

— Anxiety and stress

Pathway for sneeze reflex:

—Phrenic, vagus, and sympathetic nerves

— Midbrain

—  Motor fibers of phrenic nerve
accessory nerves

— Diaphragm and intercostal muscles

and
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46: Compliance of lungs. Respiratory work.
Pneumothorax

— According to etiology:

— traumatic pneumothorax (due to an injury) occurs if the chest wall is perforated or during an injury of the esophagus, bronchi, and
during rib fractures.

— spontaneous pneumothorax

— primary idiopathic pneumothorax (without any known cause) may occur in tall healthy young men with an incidence of
pneumothoraxes in the family,

— secondary pneumothorax arises as a consequence of lung diseases (such as COPD or cystic fibrosis),

— iatrogenic pneumothorax (due to medical procedures) occurs during invasive medical examinations such as transparietal
aspiration biopsy, subclavian vein catheterization, or mechanical ventilation with positive pressure.

— artificially induced (deliberate) pneumothorax is used during thoracoscopy, an endoscopic examination the thoracic cavity.

— According to the communication of the pleural space with its surroundings

— open pneumothorax (when the hole in the pleural space remains open, the air in the pleural cavity moves back and forth with
each breath of the patient)

— closed pneumothorax (when a small opening through which air enters the pleural cavity closes)

— valvular pneumothorax (the tissue of the lungs or the chest wall covers the hole in such a way that a valve emerges, this valve
allows air to flow inside during inspiration, but it prevents the air from leaving the pleural cavity during exhalation).
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