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Dychaci system |
systema respiratorium

Autor: Ondrej Nanka / Petr Valasek
Obor: vseobecné lékarstvi




Pars nasalis
Pars oralis
Pars laryngea

R. Cihdk: Anatomie 2, Avicenum, Praha, 1988



@ Horni cesty dychaci - cavitas nasi,
pars nasalis pharyngis
(hasopharynx)

@ Dolni cesty dychaci - larynx,
trachea, bronchi, pulmones

@ plice v cavitas pleuralis




Nasus externus - zevhni nos

» radix nasi
@ dorsum nasi
@ alae nasi

) nares

) septum nasi

» cartilagines nasi

Cartilago alaris major -
crus laterale et mediale,

Cartilago alaris minor,

cartilago septi nasi




Cavitas nasi

@& vestibulum nasi
(vibrissae, limen)

@ cavitas nasl i T G A\
propria e ae——_ Qi
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& choanae




Septum nasi

Septum nasi - pars membranacea/cutanea,
cartilaginea et ossea




Septum nasi

® pars ossea-
amina
nerpendicularis
ossis ethmoidalis,
vomer

@ pars cartilaginea




Strop dutiny nosni

@ os frontale

@ |lamina cribrosa
ossis ethmoidalis

@ Corpus ossis
sphenoidalis

@ pars olfactoria (asi
jako 1K¢€ mince)




Lateralni stéena dutiny nosni

corpus maxillae, proc.
frontalis maxillae, os
lacrimale, os ethmoidale,
lamina perpendicularis
ossis palatini

concha nasalis superior,
concha nasalis media (os

ethmoidale)
concha nasalis inferior

Torus tubarius

Ostium tubae auditivae
Torus levatorius

Plica salpingopalatina
Plica salpingopharyngea




Pars olfactoria - cichovy epithel
5cm2

Pars respiratoria - rasinkovy
epithel, glandulae nasales

ACI - ophthalmica - ethmoidalis
ant/post

ACE - maxillaris - palatina desc
ACE - sphenopalatina- nasales
posteriores laterales/septi

Vény PLEXUS CAVERNOSI CONCHARUM
plexus pterygoideus, vv. ophthalmicae, v. facialis

Lymfatika - nodi cervicales prof. + retropharyngeales

Inervace n. ophthalmicus (V1) + n. maxillaris (V2)
n. olfactorius ()

parasympatikus (VIl), kréni sympatikus




Pruchody a prostory

£ nares

® meatus nasi superior
& meatus nasi medius

& meatus nhasi inferior

® meatus nasi communis

& choanae




Sinus paranasales
a jejich usti do pruchodu nosnich

® meatus nasi superior
sinus sphenoidalis
cellulae ethmoidales post.

® meatus nasi medius

® meatus nasi inferior
ductus nasolacrimalis




Middle concha
Inf. concha

Nasal septum

Opening of

Zadni rhinoskopie




Néti - pruplachy nosu

100ml vlazné/teplé vody
0,99 soli (1/5 rovné Izicky)

Nebo tepla Vincentka, také zhruba
fyziologicky roztok.




Pneumatizace a rust vedlejsich
nosnich

U novorozence jsou pritomny etmoidalni dutiny a jsou zalozeny maxilarni.

Frontalni kost pneumatizuje od 4 let véku a sfenoidalni od 5 let.
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Rekurentni sinusitidy...
,smrkej Pepicku poradne!”

Gwaltney JM Hendley JO et al., (2000) 30 (2): 387-391.Clin Infect
Dis,Nose Blowing Propels Nasal Fluid into the Paranasal Sinuses




Funkce sinus paranasales

® Rezonancni prostory -
dodavaji hlasu jeho
Zabarveni

® Odlehceni lebky

® Produkce NO (oxidu
dusnatého) ve sliznici -
bakteriostaticky ucinek

® NO pak pusobi
vasodilataci v plicich a
lepsSi oxygenaci a
syceni O, arterialni krve




Histologie dychacich cest

o .1 .‘ %j‘ ‘ / .
Zdroj: Junquiera’s H




Syntopie laryngu

C4 - C5 v dospelosti

C3 - C4 u novorozence

Laryngopharynx

Zavesen pres jazylku a suprahyoidnimi svaly k bazi lebni
Infrahyoidni svaly




Larynx - hrtan

@ cartilago thyroidea
@ cartilago cricoidea
@ cartilago arytenoidea

@ cartilago epiglottica
(elasticka)

@ cuneiformis
corniculata

@ triticea




Cartilago epiglottica et th roidea

Anterior surface Posterior surface
of epiglottis of epiglottis

A - - B AN

Right thyroid . 4 B Cuneiform cartilages
lamina N Rl R - ") ‘

Corniculate cartilag

Thyro-epiglottic
ligament

Cartilago thyroidea - lamina dx., sin., incisura superior,
inferior cornu superius + inferius, linea obliqua, facies
articularis cricoidea

Epiglottis - petiolus, lamina




Cartilago cricoidea et arytaenoidea

Facet for _
Facet for articulatic

Lamina J articulation with , .
arytenoid cartilage

Cricoid A .
arytenoid cartilage

cartilage Arch
rc

Airway - Facet for
y articulation with
inferior horn of
thyroid cartilage
Facet for a
with inferio

Articular facet for
corniculate cartilage Posterior surface

Apex
/

Anterolateral surface —&
- Depression for attachment of vestibular ligament

Medial surface -
Ridge on anterolateral surface

Muscular process
-

; —
Vocal process Depression for attachment of vocalis muscles

Base (concave - for articulation with cricoid)

Cartilago cricoidea - arcus, lamina, facies articularis arytenoidea,

thyroidea
Cartilago arytaenoidea - basis, apex, processus muscularis, vocalis




Dutina hrtanu - cavitas laryngis

@ aditus laryngis
@ vestibulum laryngis
@ glottis (hlasivka)

@ cavitas infraglottica
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ventriculus laryngi
cavitas infraglottica




Glottis - pohled
laryngoskopiskym zrcatkem

muzi 24 - 30 mm, zeny
20mm

:‘.
tvorba hlasu




@ tvorba hlasu
® dychani

® kasel

@ polykani

pohlavni rozdily

hrtanu

@ celkové vétsi a delsi
hrtan u muzu nez u
zen

® prominujici hrtan -
‘ohryzek

® mutace hlasu - rychly

rust hrtanu v puberté
(testosteron)




Vazy a membrany hrtanu

& membrana
thyrohyoidea

& membrana
cricothyroidea

@ lig. cricotracheale




@ ligamentum
vocale

Ligamenta a membrany
membrana thyrohyoidea, lig. cricotracheale, lig.

cricothyroideum, lig. vocale, lig. vestibulare, membrana
fibroelastica laryngis: membrana quadrangularis +
conus elasticus (membrana cricovocalis)




Vyvoj hrtanu




predni skupina zadni skuoina

m. cricothyroideus
m.cricoarytenoideus post.
m. arytenoideus




Svaly hrtanu

lateralni
@ m. thyroepiglotticus

€ m. thyroarytenoideus
(m. vocalis)

® m. cricoarytenoideus
lat.

n. vagus

n. laryngeus superior - pouze
m. cricothyroideus

n. laryngeus recurrens
(koncova vetev n. laryngeus
inferior) - vSechny ostatni




horni pfistitna téliska
e

poruseni NLR pri operacich
stitné zlazy - dusnost, chrapot

laryngospasmus - krecovite
sevreni hlasivkoveé stérbiny



a. carotis comm. dx.




Trachea - prudusnice
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Pohled ZepFedu






Trachea

12cm dlouha

@ cartilagines
tracheales (15-20)

@ ligamenta trachealia

@ paries
membranaceus
(vazivo a hladka
svalovina - reguluje
prusvit)




Histologie prudusnice

> epitel (cylindricky s
rasinkami a poharkovymi
bunkami)

» Vvazivo

> zlazky v lamina propria
> hyalinni chrupavka s
perichondriem

> hladky sval (m.trachealis)




Trachea et bronchi

® trachea
@ bifurcatio tracheae

@ bronchus principalis
dexter et sinister

@ bronchi lobares
® bronchi segmentales
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koniotomie tracheotomie




Obr. 20.5. Nejvyhodnejsi poloha pro orotrachealni intubaci pri podlozeni hlavy a ramen, dojde k vyrovnani osy
dutiny ustni, hitanu a hrtanu lepe nez pri jednoduchem zaklonu hlavy




Pulmones - plice

basis pulmonis
apex pulmonis

facies costalis
facies mediastinalis

facies diaphragmatica

hilus pulmonis
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Hranice plic




[Pulmonary
artery

[Pulmonary
veins

Plicni hilus

Pulmonary artery
(deoxygenated blood
Hilum
Pulmonary vein

(oxygenated blood)

Pulmonary ligament
Right lung Left lung




Otisky

pulmo
dexter

cus arteriae subclaviae
CUS venae cavae superioris
Cus venae azygos

cus oesophageus

Dressio costae primae




Otisky

pulmo
sinister

® sulcus arteriae subclaviae |
@ sulcus venae |
brachiocehalicae sinistrae
® Impressio costae primae
® incisura cardiaca

@ sulcus aorticus

® impressio oesophagea




Pulmo dexter

OUS superior
ous medius
ous inferior

fissura obliqua
fissura horizontalis




Pulmo sinister

@ lobus superior
@ lobus inferior

@ fissura obliqua




Clenéni plic a intrapulmonalni
vétveni bronchu

@ segmenta bronchopulmonalia




Bronchi

Arbor bronchialis
1. bronchus principalis dx., sin.

2. bronchi lobares
dx.:
superior
truncus intermedius:
medius, inferior
sin.: superior, inferior

3. bronchi segmentales
10 vpravo
8 vlevo

4. bronchi subsegmentales

5. bronchioli terminales




ALVEOLI PULMONIS
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Arbor bronchialis
Segmenta
bronchopulmonaria
Lobus superior dx.:
segmentum

S1- apicale

S2- posterius

S3- anterius

Lobus medius dx.:

segmentum

S4- mediale

S5- laterale

Lobus inferior dx.:
segmentum
S6-superius

S7- basale mediale
S8-basale anterius
S9- basale laterale
S10-basale posterius




Arbor bronchialis
Segmenta
bronchopulmonaria

Lobus superior sin.:
segmentum

S1+2- apicoposterius
S3-anterius

S4- lingulare superius
S5- lingulare inferius

Lobus inferior dx.:
segmentum
S6-superius
S8-basale anterius
S9- basale laterale
S10-basale posterius




Bronchopulmonalni segmenty

Vlevo splyva
1+2 segment,
/. segment chybi




ALVEOLI PULMONIS

i
3 <
g :
o =
BRONCHI :
PRINCIPALES
%)
bre BRONCHI 2
T LOBARES
QO
Z
® 3
o
o BRONCHI
o SEGMENTALES
O 4
oo
%
BRONCHI SUBSEGMENTALES ?
BRONCHIOLI ‘
BRONCHIOLI TERMINALES 16
17
BRONCHIOLI
RESPIRATORI| (4 ? 18
2] &\\ 19
o
5 20
0
Ll
> DUCTULI 21
< | ALVEOLARES
o)
2 22
<
SACCULI -
ALVEOLARES




Stavba bronchu
septum interalveolare

tunica mucosa
tunica fibromusculocartilaginea
tunica adventitia (peribronchium)

BRONCHUS BRONCHIOLUS
TERMINALIS

SEPTUM
INTERALVEOLARE

bazalni membrana,
hladké svalové bunky,
nyalinni “”u;{')(r./k(h
adventicie,

mempranozni pneumaocyt,

granularni pneumocyft,

endotelovd bunka krevni kapilan




Bronchioly

> neni chrupavka, jenom hladka svalovina =>




Dychaci oddily plic a jejich bronchy

arbor bronchialis

» bronchioli (prudusinky)
uz nemayji chrupavcitou
vyztuhu (ccal2 vétveni)

» bronchioli terminales -
lobus pulmonis
secundarius (je vidét na

povrchu plice 1cm)
arbor alveolaris

@ bronchioli respiratorii
1. radu - lobulus
pulmonis primarius

@ ductuli alveolares -
sacculi et alveoli
pulmonis (cca 24
vetveni)




Terminal bronchiole

Alveolar duct Alveoli  Respiratory bronchiole
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Histologie plicni
tkané na rezu av

obrazu rastrovaci
elektronove

mikroskopie

iy = . oyt 3
. 3 3] Y G [ .’ | ’
PA Aegn i3 :
. e e 4 4 ¥
v o) B ‘ . A 3 > A Yol
v e ol : e M o A A » - /
- L "8 oS - el ~ g ol : 3798 2 r 4 Y el ) e ';. e e it 3 <
W ¥ b S et - AD £ { - " ¢ W ‘
& Lo B T 1% . . 3 * g .
RECR YN )i N 2 o a ’
RB ’ 3 . —
L .

- V- 3
- 2 -
g e 3 4 AD < X\
ok, 3 J i
i : " g P .
5 VR 5 A \ oo i s
. : | 4 W e
' . 3 ol 5 \ O
. ‘. e L
AD 25 AS - ., XEP
oy \ » A o y.
1 > 4 A;- > P 0 ; :: Iy 3 ’.."
'S 3 vy -~ 4 - o -
J' o\ - 5 - A \.’ SLE ~
A - AD A oS , - : -
X A '*_ X % T s ¢ i* Py . <
2 { &1y \ — 5 - y b i T (5
3 y o Y. \ ) \ afe s
~ AS AT o "
3 £ ? \ o AR X " . 5
pE,: : | AS. * ‘ % ;
— - L i~ '_ < .
g T J A e kL & v o v - >
» A ! 3 e ) ’ 3 5
a E S P arak VNP gt O P R O 1 e R b J A&






Bronchiolar epithelial cell types:
Brush —

Neuroendocrne

Cili X
Ciliated N o
Non-ciliated - &5 \ g
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Alveolar epithelial cell types: g
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Interalveciar pore
{of Kohn)




Alveoly

® membranosni
pneumocyty (tenke
bunky tvori souvislou
vystelku alveolu)

® alveolarni pory
(spojuji sousedni
alveoly)

® sekrecni pneumocyty
(produkuji surfaktant
- brani kolapsu
alveolu)
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Alveoly v detailu: kapilary, pneumocyty typu | a ll,
makrofagy




alveolus

kapilara

alveolus - O

2

Alveolokapilarni bariéra




Funkcni cévni reciste plic:
vétve a. pulmonalis
probihaji spolu s bronchi
segmentales

reciste v. pulmonalis
lezi ve vazivu mezi
segmenty

Nutritivni reciste plic:
arterialni rr. bronchiales
a venoshi vv. bronchiales
lezi na zadni strane
bronchu

plexus pulmonalis anterior + posterior, peribronchialni a
periarterialni pletené (parasympaticka, sympaticka a
senzitivni nervova vlakna







Lymfaticka drenaz

Povrchova
podél vv. pulmonales do
nn. bronchopulmonales

Hlubka
podél bronchu

nn. pulmonales

+ | nn. bronchopulmonales
nn. tracheobronchiales

. | (dextri, inferiores, sinistri)

) o Trunci bronchomediastinales
V- | Dx+kaudSin: ductus lymph. dx
At kranSin. ductus thoracicus




BALT

part of mucosa-associated
lymphoid tissue (MALT)
consists of

lymphoid follicles in

the lungs and bronchus

Bronchus-associated lymphoid tissue (BALT) is a constitutive mucosal
lymphoid tissue adjacent to major airways in some mammalian species,
including rats and rabbits, but : is an
ectopic lymphoid tissue formed upon inflammation or infection. Both
BALT and iBALT acquire antigens from the airways and initiate local
immune responses and maintain memory cells in the lungs.

Randall TD. Adv Immunol. 2010;107:187-241. PMID: 21034975



https://www.sciencedirect.com/topics/immunology-and-microbiology/lymphoid-tissue
https://www.sciencedirect.com/topics/immunology-and-microbiology/leporidae
https://www.sciencedirect.com/topics/immunology-and-microbiology/memory-b-cell

lnervace

Parasympatikus: n. vagus (X.) -

Sympatikus: rr. pulmonales z truncus sympathicus
(2.-4. hrudni ganglion)
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Od profesora Grima

Future trachea
and larynx
Esophagus
Left and right primary
bronchial buds

Mesencephalon —Pleural mesenchyme

Diencephalon e Rhombencephalon

~|I” Pharynx

Respiratory
diverticulum

Liver cords

Septum

transversum Secondary
Midgut bronchial buds

30 days

A\ N
N
N
8

Yolk sac L. Tertiary bronchial

buds

38 days Stomach

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved




Vyvoj plic
Zahrnuje nékolik postupnych fazi:

jeji oddeleni od jicnu, vytvoreni
bronchoalveolarniho stromu,
determinace bunék respiracniho systemu,
regionalni diferenciace jeho epithelu a
jeho interakce s

Epithelove bunky vychlipky exprimuiji
transkripCni faktor , ktery je
nositelem identity

a pro vyvoj plic ma zasadni vyznam.

Je exprimovan v epithelu rostoucich
vychlipek a s postupujicim vekem jeho
exprese klesa. V dospélosti je exprimovan
pouze v granularnich pneumocytech.
Laryngotracheova epithelova vychlipka
vznika na predni sténe embryonalniho

& faryngu pod vlivem exprese genu v

§ okolnim mesenchymu.




Trachea | i Proximal, blind-ending
o= part of esophagus

Esophagotracheal

Right bronchus “-, :
{ / S i fistula

_eft bronchus — y I ;
} X\ o 7 Distal
N A ) esophagus

\ i

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved




Obdobi vyvoje plic, stadia

Embryonalni

do 8. tydne
6. par aortalnich oblouku = aa. pumonales

Fetalni

pseudoglandularni: do 16. tydne
kanalikularni: do 24. tydne
sakularni: od 24. tydne

10% alveollu do narozeni

Postnatalni
alveolarni postnatalni: 90% alveolu do 2. roku




Tvorbu a vétveni vychlipky stimuluje rustovy faktor Fgf10 produkovany okolnim
mesenchymem, ktery se chova jako signalni centrum pro vyrustani apikalniho
epithelu. Sekreci Fgf10 podporuje retinova kyselina (RA) a transkripCni faktory
Tbx4 a Thx5. Mezi vrcholky vétvici se vychlipky produkuje mesenchym Tgff3 a
ten produkci Fgf10 inhibuje. Stimulaéni a inhibi¢ni faktory produkované
mesenchymem zodpovidaji tedy za tvorbu vychlipek a zahybd mezi nimi.




Na signalizaci z mesenchymu reaguji
epithelové bunky proliferaci a ristem
vychlipek nebo naopak utlumem ristu a
tvorbou zahybU mezi nimi. Tento déj se za
vyvoje plic mnohonasobné opakuje.
Podileji se na ném také dalsi faktory:

v epithelu i v mesenchymu je exprimovan
transkripéni faktor Gata 6, ktery podporuje
dichotomni vetveni epithelovych vychlipek.
Je-li Gata 6 inhibovan, vétveni je
redukovano.

Interakce alveolarniho stromu a tvoriciho
se kapilarniho recisté je parakrinné
fizena rastovym faktorem cévniho
endothelu ( ), ktery secernuji
epithelove bunky. Pod jeho vlivem se
angiogenni bunky diferencuji v endothel a
tvori kapilarni pletené v septech mezi

alveoly.







