Patofyziologie respiracniho systému |

Vztah struktury a funkce dychacich cest a plic

Komponenty respirace vedouci k jeji zakladni roli = vyména plyna
- ventilace & difuze & perfuze

Mechanika dychani

Rezistence v dychacich cestach

Dynamické komprese/kolaps pfi usilovném dychani

Obstrukéni nemoci (CHOPN a bronchialni astma)
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Zahrivaci otazky

6~ ° ° % ATP
* (1) pro¢ dychame??? —/ — Q" '

_vaéna p|ym‘:| CsH1206 O: CO, H:O0 Energy

from ATP

\ / ION (active) 4, Ribsmove
// ¥ NHALAT h \ i d out
* (2) jak dychame??? NS =Y
T RN A
. . . V4 V4 V4 V4 A jg\\*':?_ Rlb '\?\‘F“‘. i;_:ﬁA \
N - ‘ > B ~J
— princip klidoveho dychani NN L N
o y)| deflated RS —— i
N NS
N/ AN
NS 2,

muscles relax Diaphragm

Diaphragm curved down

e (3) kdy dychame???

— porad (vitalni funkce), smrt = ,dodychal”, ,vydechl naposledy”
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Nasal cavity
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(1) VZTAH STRUKTURA-FUNKCE JAKO DULEZITY FAKTOR
PORUCH RESPIRACE & DUVODY JEJICH PORUCHY
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Respirace vedouci k vymeéne plynu zahrnuje

ventilace = mechanicky proces

— dychani v uzSim slova smyslu
difuze = chemicky proces

— prestup plynu skrze alveolo-kapilarni bariéru
perfuze = cirkulacni proces

— cirkulace krve plicni cirkulaci

umrti na plicni onemocnéni je témér vidy disledkem
neschopnosti prekonat alterované mechanické
vlastnosti plic nebo hrudni stény (nebo obou)

Copyrgt © 2004 Pearson Educoton, e publetvy) 8 Bergamn Curmwnign
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Delikatni propojeni struktury a funkce

e Zasadni funkce respiracniho systému spociva ve vymeéne plic, tj. extrakci
kysliku ze vnéjSiho prostredi a odstranniovani odpadnich plynu, tJ oxidu
uhlicitého

— na konci hlubokého nadechu je 80% objemu plic tvoreno
vzduchem, 10% krvi a 10% tkani

 ale plocha plicni tkané tvori obrovskou plochu !
* Plice musi poskytovat

— velkou povrchovou plochu pro kontakt s vnéjsim
prostredim (~plocha tenisového kurtu) pro vymeénu plynt

— tkan (alveoldrni sténa) musi klast minimalni prekazky pro difuzi plynt
e Ale tésny kontakt s vnéjSim prostredim predstavuje pro plici riziko
poskozeni inhalaci napr. prachovych ¢astic, plynt a infekénich agens

— obranné mechanismy jsou tedy naprosto klicové a jsou zajistény kombinaci
strukturnich a imunologickych mechanismu

==
m a
O =

[—



Struktura dychacich cest v pasmu kondukce a respirace
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Obranne mechanizmy — shrnuti (detaily pozdéji)
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Mukociliarni eskalator

Dust particle
Cilia move mucus to pharynx

Macrophage

Mucus layer traps

(@} ®3
inhaled particles Mucus Direction ;-. _

, N ucus Drectig

T l( I

Goblet cell -l-

secretes mucus

Watery saline layer
allows cilia to push
mucus towards pharynx

Cilia

i

---.l

Aqueous Layer (Sol) Mucus Layer (Gel) | : T°az(°j"|s '"?":fd
Nucleus of columnar Ciliated Epithelial E Y
epithelial cell !
1: Dissolution :
2: Mucociliary Clearance Basement Membrane
3. Macrophage phagocytosis
Basement membrane 4: Translocation
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Struktura dychacich cest

Trachea

* Tvoreny cca 23 (18-30) urovnémi déleni (223 tj. cca 8
milionu alveolarnich saku) mezi tracheou a alveoly
— do zhruba prvnich 7 déleni maji bronchy:

Generation
0

)

* ve sténé chrupavku a hladkou svalovinu
» epitelidlni vystelku s rasinkami a Gobletovymi bb.

Bronchi
Cartilage, bronchial glands

e submukdzni hlenové zlazky

* endokrinni bb. - Kulchitsky nebo APUD (amine precursor and
uptake decarboxylation) obsahujici 5-hydroxytryptamin

Conducting airways

— dalSich 16-18 déleni bronchiol uz neobsahuje:

e chrupavku

e muskularni vrstvu resp. tato se progresivné ztencuje

* skoro zadné Gobletovy bb. v jednovrstevném rasinkovém epitelu
 ale obsahuji granulované Clara bb. produkujici surfaktantu

Bronchioles

podobnou substanci

E

2 |3l ——— o|o|ve—nwn

18 A
P

Respiratory | Nonrespiratory

19 o

Respiratory

20 tree

Terminal
respiratory units

21

Alveolar
ducts

22 G

23 Pulmonary o
alveoli
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Funkcni klasifikace dychacich cest

Generation
0

achea

Tr

* Kondukcni pasmo (= anatomicky mrtvy prostor) — vétveni 1 — 15

* nos (Ustni dutina)

Cartilage, bronchial glands

1

£ 430 I

* larynx g I'i" !

* trachea ’ i) 3
, . AR

e hlavni bronchy & bronchioly 1

I‘I'Il 15

Bronchioles

— vedeni vzduchu, zvlhceni & ohrati, eliminace znecistujicich ¢astic a

Respiratory | Nonrespiratory
N

R 6
ochrana . &g}
e Respiracni (acinarni) pasmo (= vyména plynti) — vétveni 16 — 23 i N :
* respiracni bronchioly S T 2
* alveolarni dukty & saky
Incomplete
* aIveon 7 _—"lobular septum
— alveolarni ventilace e

bronchiole

e koncepce plicniho acinu

— funkcni 3-D jednotka — ¢ast parenchymu kde jsou veskeré dychaci
cesty vétvenim kazdého jednotl. terminalniho bronchiolu (a jsou

1

2° | Respiratory
vv v . , ’v . . .r r v v o bronchioles
rovnéz vsechny ,,alveolizované”, tudiz participuji na vyméneé plynu)

* 3 generace vétveni respiracnich bronchiol(l a nasl. cca 8 generaci vétveni - Alveolar
alveolarnich dukt( sacs
» kazdy plicni lalt¢ek (= anatomicka jednotka) obsahuje 10 — 30 acind i ngftzlar
/ = Alveoli
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Type | Type ll

Alveo Iy pneumocytes \ | pneumocytes
* kazda plice obsahuje cca 300-400 milion €. % o
alveoll s celk. plochou 40 - 80m? g 3
~ . //Redblood cell

* bunécné typy tvorici epitelovou vystelku

— pheumocyty l. typu

e extrémné tenka cytoplasma a tedy minimalni
bariéra pro vymeénu plynu Alveolus

* odvozeny od pneumocytu Il. typu Capilary

endothelium
* spojeny vzajemné pomoci tight junctions, které
omezuji presuny tekutiny mezi kapilarou a alveoly Ventnation,%‘y
\‘\ AN

* snadno zranitelné, ale mohou se |
délit/regenerovat! 292

— pneumocyty Il. typu Blood vessel
* je jich pomeérné dost ale zaujimaji mensi plochu Type | pneumocyte /|

|

nez pneumocyty l. typu Type Il peumocyte G
* zdroj surfaktantu

— makrofagy

 — Vessel

Macrophage




Alveolo — kapilarni bariéra

e Alveolarni epitelie

— pheumocyty typu |

— pneumocyty typu |l

e Kapilarni endotel
— ne-fenestrovany

* |ntersticium

— bunky (velmi malo!)
 fibroblastsy
* kontraktilni bb.

* imunitni bb. (intersticialni makrofagy,
mastocyty, ...)

— ECM

» elastinova a kolagenova vlakna
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Ventilace (dychani) jako mechanicky proces

* Nadech/inspirium

- Volume of breath
= 0.5 '
o
E
=
S 0
- >
4 seconds elapsed

Inspiration : Expiration

Copyright © 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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aktivni proces, ktery je vysledkem poklesu branice a
pohybu Zeber nahoru a ven ucinkem kontrakce
interkostalnich svalu
* vklidu je v naprosté vétSiné u zdravého ¢lovéka dostatecna
kontrakce branice
dychaci svaly jsou v zasadé kosterni svaly, nicméné
mnohem méné nachylné k unavé
* jejich inava muZe hrat roli pfi vzniku respiracniho selhani jak v
dlsledku svalovych ¢i neurologickych poruch tak i pro
zavaznou chronickou obstrukci dychacich cest
nadech proti zvySenému odporu muize vyzadovat zapojeni
pomocnych dychacich svalu
e kréni (mm. sternocleidomastoidei a scaleni), ramena, zada

* Vydech/expirium

normalné pasivni proces, ktery je vysledkem relaxace
dychacich svalu a elastického smrsténi plic (elasticky recoil)
pri namaze Ci pri obstrukci je nutné zapojeni pomocnych
dychacich svalll

* Dbfisni sténa a vnitfni interkostalni svaly
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Normalni klidové dychani

Copynight © The McGeaw-Hll Companies, Inc. Permission required 1or repeoduction o deplay.

End of expiration During
Pg = Py inspiration

. l PB - Palv
No air

movement ‘LAir moves in

Thorax
expands

Pay= —1
(alveolar
volume
increases)

Diaphragm
contracts

2. Increased thoracic volume results
in increased alveolar volume and
decreased alveolar pressure.
Barometric air pressure is greater
than alveolar pressure, and air
moves into the lungs.

I:,alv =0

0
0
0l .
Diaphragm

0

1. Barometric air
pressure (Pg) is
equal to alveolar
pressure (Pay)

and there is no air

movement. breathing in

Y increase in
/" volume means
lower pressure

W

ribs move up and out
diaphragm flattens
volume of chest increases

breathing out

/ N
P Y

4 d y \

), decreasein
/s volume means 1\
h higher )
l pressure !

n 1}

]} "

ribs fall
diaphragm moves up
volume of chest decreases

©ABPI 2013
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Boyle-Mariottliv zakon
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Mechanika ventilace — dechovy cyklus

Inspiration |  Expiration
.

0 ‘
Volume (L) |

0.1

- Intrapleural
pressure
(cm H,0)

R —— RS-

Alveolar
pressure
(cm H,0)

-1

Copyright @2006 by The McGraw-Hill Companies, Inc.
All rights reserve d.

* tlaky a tlakové gradienty

— tlak na povrchu téla (body surface, P, )
* obvykle totozny atmosférickému tlaku (P,,)
— alveolarni tlak (P,,,)
— ,elasticky” tlak (P)
e generovany plicnim parenchymem a povrchovym napétim
— pleuralni tlak (P )
— trans-pulmonalni lak (P )
 tlakovy rozdil mezi alveolem a pleuralni dutinou
* PL=Pa - Py
— trans-torakalni tlak (P,

 tlakovy rozdil mezi alveolem a povrchem téla

» determinuje aktualni fazi ventilace, tj. inspirium nebo
expirium
* Prs = I:)alv_ I:)bs
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Mechanické vlastnosti hrudni stény vs. plic = protismérna

elasticka smrstivost

A ELASTIC RECOIL OF LUNGS B ELASTIC RECOIL OF CHEST WALL C ELASTIC RECOILS OF LUNGS AND
CHEST WALL IN BALANCE
() (o) )
Lungs
Chest T T
- B

Intraéleural 1 l

space
plice ma tendenci se smrstovat hrudnik ma tendenci se rozpinat vysledna rovnovaha
(povrchové napéti + elasticita (anatomie hrudniho kose a
parenchymu) svalstva)
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Pneumotorax = absence neg. i-pleuralniho P

\| Airin pleural space [/

\l Airin pleural space |/

Airin pleural space increasing
and unable to escape

The pleural cavity
pressure is < the
atmospheric
pressure

The pleural cavity
pressure is = the
atmospheric
pressure

The pleural cavity
pressure is > the
atmospheric pressure

8
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Je negativni hodnota i-pleuralniho tlaku homogenni?

o ) . gravitace a vlastni vaha plic snizuji negativitu
situace na konci klidového expiria pfi bazich (naopak v oblasti apexi)
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Plicni objemy a kapacity (tj. = 2 objemy)

Maximum possible inspiration

NS T
5,000 }—
. Inspiratory Inspiratory
'E' 4.000 }— reserve volume capacity
)
Tidal
s 3,000 }— \/ volume
O
> :
€ 2,000
: L]
-d

E

o

e pomer RV ku
TLC (RV/TLC ratio)
je u zdravych
jedincl méné nez
0.25

e uvetsiny plicnich

nemoci je zvysen
RV/TLC pomér, a
to nasledovné:

— obstrukéni nemoci
v disledku T RV

— restrikéni nemoci
v dsledku 4 TLC
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Spirometrie a zakladni klasifikace ventilacnich poruch

nemuzu se dostatec¢né nadechnout

nemuzu dostatecné vydechnout

S

Obstructive

Volume (L)

Restrictive

Time (seconds)

FEV1=1.0
FVC =2.0
FEV1/FVC = 50%

FEV1 = 3.3
FVC =4.0
FEV1/FVC = 83%

FEV1=1.8
FVC =20
FEV1/FVC = 90%

Flow Volume Loops

(o0}

Expiration

i

lllllll......
]
L 4

Flow (L/sec)

Inspiration
NN

oo

= s Normal
== QObstructive
== Restrictive

Volume (L)
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problém je v dychaci cesty (bronchy a bronchioly) plicni parenchym

abnormalita expirium — nelze dostatecné vydechnout inspirium — nelze dostatec¢né nadechnout (restrikce

ventilace (obstrukce vydechu) nadechu)

priklady nemoci bronchialni astma extrinsické (neni problém v plici)
COPD (tj. chronicka bronchitida + emfyzém) deformita hrudniku (napr. kyfoskolioza),
bronchiektasie neurologické (Guillan—Barré, paralyza branice, ALS)
bronchiolitida utlum respiracniho centra

bricho (téhotenstvi, hepato-/splenomegalie, ascites, ...)

intrinsické (problém v plicni tkani) — plicni fibréza pri

pneumokoniodze (silikdza, azbestoza, ...)
autoimunni (SLE, sklerodermie, RA, ...)
léky indukované (cytostatika, ...)
idiopaticka plicni fibrdza

akutni reversibilni (pneumonie, plicni edém, ...)

spirometrie JIFEVY, YFVC, LV FEVI/FVC, normélni nebo TTLC dFEV1, 44FVC, LFEV1/FVC, normélni nebo 4TLC, YRV
(soudkovity hrudnik), TRV
dalsi znamky DLCO normalni, A-a gradient viz dale

dychani hypo- nebo hyperventilace hyperventilace



(3) MECHANICKA VENTILACE PLIC STOJI ENERGII
— MUSI SE PREKONAT REZISTENCE
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Plicni mechanika zahrnuje dva typy odporu

(1) STATICKY = elasticka smrstivost

— = mechanické vlastnosti plic (a hrudni
stény), které se neméni v Case

(2) DYNAMICKY = rezistence dychacich
cest

— vlastnosti plic a konvekéniho pasma

dychacich cest, které se méni v Case

tlak nutny k roztazeni plic musi prekonat
oba typy odporu

energie potrena pro dychaci svaly k
prekonani téchto odporu je za
normalnich okolnosti velmi mala

— 2-5 % celkové spotreby O,

ale dramaticky roste pri zvyseni
nékterého z odporu (az ke 30%)

Pleural space

Po Lung
Pel \
Pa
PL /

Chest wall

Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Relationship between transpulmonary pressure (PL) and the pleural (Ppl),
alveolar (PA), and elastic recoil (Pel) pressures of the lung

Alveolar pressure is the sum of pleural pressure and elastic recoil pressure

Transpulmonary pressure is the difference between pleural pressure and alveolar

pressure
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(ad 1) Elastické vlastnosti plic a dychacich cest

the system of airway
elastic fibres

* jsou zodpovedné za prirozenou
tendenci se smrstovat a toto generuje
negativni tlak v pleuralni dutiné

Vé v v ’ . . 7 v V4 w-’-‘-.lj' - /I‘
— sila téchto retrakcnich sil je umeérna ER NI Y A
objemu plic : < Lt
* napr. pri vétsich plicnich objemech je plice \;,5—'-‘- ¥ ,' )\ b
roztazena vice a tim je generovan negativnéjsi /’/ N ‘“j/(
intrapleuralni tlak =2 \ 74 3 :
— na konci klidného vydechu je retrakcni i }/i\(\
sila plice v rovnovaze s tendenci hrudni B =G

PERIPHERAL PERIPHERAL

steny k tomu se ,rozevrit“ ven

* vtomto okamziku jsou respiracni svaly v klidu
a plicni objem odpovida funkcni rezidualni
kapacité (FRC)

— v pripadé malych dychacich cest je jejich
otevreni vysledkem radialni trakce
generované elastickymi vlakny
parenchymu
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Situace pri dosazeni FRV

* elasticka smstivost plic ma
tendenci zmensovat objem plice
(dovnitr), naopak smrstivost
hrudni stény ven ma tendenci
objem zvétSovat = pri FRC jsou v
rovnovaze a svaly jsou relaxované

e pokud se otevre hrudnik (hrudni
chirurgie) nebo pfi traumatickém
pneumothoraxu, plice se smrsti

na objem, kdy je transpulmonarni
tlak roven nule

— hrudnik se rozevira

— plice kolabuje, nicméné neni uplné
bezvzdusna — zlstava cca 10% TLC

(a) Normal lung at rest

b P =-3 mm Hg
¢ Intrapleural pressure
\0  is subatmospheric.

Intrapleural

Elastic recoil of the chest wall Elastic recoil of lung creates
tries to pull the chest wall outward. an inward pull.




Vital capacity (%)

100 —

751

50 -

25 =

¢ Chest
’
¢ wall
'l
Lung',' TLC
N Chest wall
and lung
(Respiratory system)
|
20 40

Pressure (cm H,0)
(R OnES)

Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

The transmural pressure
across the respiratory
system at FRC is zero. At
TLC, both lung pressure
and chest wall pressure
are positive, and they
both require positive
transmural distending
pressure. The resting
volume of the chest wall
is the volume at which
the transmural pressure
for the chest wall is zero,
and it is approximately
60% of TLC. At volumes
greater than 60% of TLC,
the chest wall is
recoiling inward and
positive transmural
pressure is needed,
whereas at volumes
below 60% of TLC, the
chest wall tends to recoil
outward MUNT

MED



Elastickou smrstivost urcuji dva typy sil

* (1, 2 a 3) Povrchové napéti generované vrstvou
tekutiny pokryvajici povrch alveolu

— dano kohezivnimi silami mezi molekulami stejného typu - | Mveo'ar"mnsﬂuid». ‘

* na vnitrnim povrchu vsech je tekutina ktera klade
odpor roztazeni plice a toto generuje celkové obrovské
povrchové napéti - , surfactant <—

Alveolus

— tato , kolabujici tendence” resp. presnéji povrchové

napéti ne rozhrani tekutina plyn je balancovana plicnim Type | preumocite
surfaktantem '
 (4) Plicni elasticita/compliance (“recoil”) - it e
— viz kfivka plak-objem plice peumocyte o T

-—®

— definovana jako zména objemu plice zplisobena
jednotkou zmény transpulmondarniho tlaku (L/kPa)

AV

e CL=— Lamelk
AP b1 o

body

aaaa
------
---------
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Historicka miskoncepce

P = pressure PaT,
T = tension (Law of jfplace)
r = radius I~
T
P
N §
\\‘
WithougSurfactant With Surfactant

A\
*\
-
o~
Alveoli 1 and 2 have equal surface tension 1 has less surface tension (more surfactant per area)
1 has higher pressure (due to smaller radius) 1 and 2 have equal pressure (due to surfactant)
1 more likely to collapse and be harder to inflate 1 will inflate at a faster rate than 2 (until equal in size)

Balloon theory of alveoli

== =
Gas

Alveoli rarely
completely collapse

Alveoli are actually polygons

Shearing

Alveolar interdependency

@

Surfactant decreases
tension around corners



Plicni s

Komplexni smés lipidi a proteini na
povrchu alveoll (tedy rozhrani kapalné a
plynové faze) redukujici povrchové napéti
— povrchova vrstva je tvorena fosfolipidy
(dipalmitoyllecithin)
— hlubsi vrstva (hypofaze) tvorena proteiny
(SP-A, -B, -C, -D)
Surfaktant udrzuje plicni objem na konci
expirace

Kontinualné a velmi rychle recykluje

Tvori se relativné pozdné v pribéhu
gestace (od 28. ttg)
— ovlivnéno hormony v¢. glukokortikoidt (taky
thyroxin a prolaktin)

* porucha maturace plic u predcasné narozenych
novorozencl

— inhibice inzulinem
* riziko u matek diabetic¢ek v¢. GDM

urfaktant

A SURFACTANT METABOLISM

.g% __Surfactant
< precursors

Endocytosis and recycling or
/destruction of surfactant components

Exocytosing

lamellar body -
Tubular >\>
myelin — [/

\§

= ——— Fluid

@ Surfactant

2
2.

/Type I cell

Macrophage

Air space



Pulmonary surfactant adsorption to the interface and surface film formation. Processes that may contribute to transport of surface
active surfactant species to the interface include 1) direct cooperative transfer of surfactant from secreted lamellar body-like
particles touching the interface, 2) unravelling of secreted lamellar bodies to form intermediate structures such as tubular myelin
(TM) or large surfactant layers that have the potential to move and transfer large amounts of material to the interface, and 3) rapid
movement of surface active species through a continuous network of surfactant membranes, a so-called surface phase, connecting
secreting cells with the interface.

Air

Water "@ ’W)

1) 6| Adsorption
Direct LB of surfactant
adsorption intermediates
e ke —/ Surfactant
paicle C>__\_,\) v surface phase
i Large
A LB unravelling s
layers

Secretion

' AN\ = - - Type |l cell
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Syndrom dechové tisné novorozencu (nRDS)

— Normal
sl
£ newborn
@ lung
=
3
O
>
* syndrom hyalinnich membran .
e |écba surfaktantem RDS lung
— veprovy nebo modifikovany hovézi /. i e ol
sterinil T e
— synteticky | == T
— next generation T l T '
Pressure (cm H;0)

* rekombinantni SP proteiny

* indikace: RDS
— ARDS, aspirace, ... slabsi evidence
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/meny elastickych vlastnosti

 zména plicni poddajnosti (TLC, FRC, RV)
— 7T plicni emfyzém, do jisté miry starnuti (TTLC, TFRC, TRV)

—  intersticalni procesy (¥ TLC, L FRC, {RV) 5
* napf. plicni fibrdza, intersticialni edém nebo bronchopneumonie
e porucha surfaktantu (LTLC, LFRC, 4RV) 4 Emphysema

— novorozenecky nebo adultni syndrom dechové tisnée
(distress, IRDS nebo ARDS, resp.), tj. tendence ke kolapsu  cChange ,

Normal

plice a edém in lung AV,
s s , v T volume C=
— alveoldrni edém (poskozeni/diluce surfaktantu) from RV AP1p /

* nemoci ovliviujici pohyblivost hrudniku ¢i branice s

— morbidni obesita
— postizeni hrudni patere
* napf. ankylozujici spondylitida a kyfoskoliéza

Fibrosis
}0.5 liter
2.5 cm H,@

— neuropatie 0 +5 +10 +20 +30 +40
* napf. Guillain-Barré syndrom Transpulmonary pressure (Prp)
(Cm H20)

— poskozeni n. frenicus (segmenty C3-C5)
— myasthenia gravis
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(ad 2) Dynamicka rezistence dychacich cest

A LAMINAR FLOW

* Plyn proudi v dychacich cestach pokud existuje ‘
tlakovy gradient |

Velocity
vectors

e aplikovana fyzika pro proudeéni v dychacich
cestach (odpor, viskozita, typ proudéni, ...)

— Poiseuille zakon rika, ze tlak je
* primo umeérny toku, délce trubice a viskosité

B TRANSITIONAL FLOW

* nepfimo umeérny poloméru Polseutie’s Low winuiaii
8nl ———
R=
/'D'l ’Q = A_[.) ,
\ /,J R
R = Resist 7

ruradhss " Q=APnr C TURBULENT FLOW

|:!.-r::;1>-W 8nl ’

y v .. vy : , -

* Prekonani zvysené rezistence vyzaduje usilovny
-~

vydech — proc¢
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Proudéni vzduchu v dychacich
cestach

Transitional

VOIOCTY (MVSEC)

Turbulence give origin to
breathing sounds;

_

Volume flow rate

=5 L/min

A B C
Area = 5.08 cm? A = 25.54 cm? A =25.4 cm?
Velocity = 16.4 cm/sec v = 32.8 cm/sec v = 3.28 cm/sec

{Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadel phia, 1985, WE Saunders )
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Kde je nejvyssi resistence v dychacich cestach?

Medium-sized

’ 8171 bronchi
’ R P Terminal
2 bronchioles
3
5 T I
: Q
: -
10 g
1" m
2 i Respir-
3 15m Conducting atory
e i Zone zone
16 A o
wJ
19
» 1 5 10 15 20 23
. e B, o Airway generation

B Emcwe (stage of branching)
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Cross-sectional 100- _
Terminal
area (cm?) J’ bronchioles /
40-
30 Bronchioles
0 Small
hi
Coba bronchi
10-
bronchus
0 -
0 5 10
Airway generation
-15
e Conductance -
2 Resistance &
T 0.3 ~
& -10 ‘o
x =
E 0.2 3
] O
45 g
£ 5 §
% O
g 0.1+ )
! } ! <
RV FRC TLC
0 ‘ 0
0 2 4 6 8

Proudéni vzduchu v dychacich cestach

Lung volume (litres)

od trachei po periferii se dychaci cesty stavaji stale uzsimi, ale pocetnéjsimil
— pFicny priifez roste s poctem dychacich cest s jejich vétvenim
— rychlost toku vzduchu je nejvyssi v trachei a klesa progresivné k periferii (rychlost toku
zavisi plose pricného prirezu)
* se zaCatkem respiracniho pasma, tj. od termindlnich bronchiold, je tok plyn( realizovan
prakticky vyhradné difuzi

— viz depozice prachovych ¢astic a jinych partikuli zde a ne v alveolu
Celkové je rezistence k proudéni vzduchu velmi nizka (0.1-0.2 kPa/L u

zdravého ¢lovéka), ale kontinualné roste smérem od malych po velké
dychaci cesty

Tonus dychacich cest je kontrolovan autonomnim nervovym systémem
— bohatd vagova eferentni inervace

— mnoho adrenergnich receptord na povrchu bronchidlnich sval(i aktivované
cirkulujicimi katecholaminy

* neni anatomicka sympaticka inervace!
Rezistence v dychacich cestach je také
fu n kC| pl |Cn|Ch Objemu Airways are tethered to surrounding
alveoli. When alveoli inflate, airways

— protoZe dychaci cesty jsou ,napnuty/rozpjaty“ are forced todifate slso,
alveoly (tj. drzeny oteviené radialni trakci)

— viditelné pfi bronchoskopii

— pacienti s obstrukci profituji z dychani za
vétsich plicnich objemu
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Rezistence dychacich cest — efekt zmény prumeéru

(b)
r=1 . o
{ )\n Bronchoconstriction
| [ >\ r=05

1

Ro E7 1 unit R (0.5)% =16
(¢) 1y =0.1 (d)
Y = 026
Bronchoconstriction
»

r=0.24

Rt 2 1.5 Rt =800
(0.9)4 . (0.24)4

Current Opinion in Pharmacology

8nl
R—

ard

priklad jak luminalni sekret/mukus a
bronchokonstrikce pri astmatu méni
rezistenci v dychacich cestach

— (a) podle Poiseuilleuova zak. je rezistence k
toku (R) Umérna reciprocni hodnoté poloméru
(r) ve ¢tvrté mocniné

— (b) bez hlenu sniZuje bronchokonstrikce

polomér dychacich cest na polovinu a tim
zvysuje rezistenci 16-krat

— (c) malé mnoistvi/tloustka hlenu (t,,), které
normalné redukuje polomér pouze nepatrné
(jednu desetinu) v nekonstrihované
pridusce/pridusince (srovnej s panelem a)

— (d) stejné mnozstvi hlenu spolecné s
bronchokonstrikce velmi vyznamné zvysuje
rezistenci v dychacich cestach MUNI

MED



Oba odpory v dychacich cestach urcuji dechovou praci

=~

VOLUME

AECF = WORK TO OVERCOME
NON-ELASTIC RESISTANCE

C

OABCD =WORK TO OVERCOME
ELASTIC RESISTANCE

0O A A
PRESSURE PRESSURE

TOTAL WORK = OABCD + AECF
C

VOLUME

&

2
\%9

0™"A
PRESSURE

tlak nutny k roztazeni plic (generovany dychacimi
svaly) musi prekonat oba typy odpor

energie potrena pro dychaci svaly k prekonani téchto
odporu je za normalnich okolnosti velmi mala
— 2 —5% celkové spotreby O,
— ale dramaticky roste pfi zvyseni nékterého z odport (az ke
30%)
slozky dechové prace
— neelasticka prace
* viskdzni odpor=7 %
e odpor dychacich cest = 28 %
— elasticka prace =65 %
dechova prace souvisi s dusnosti (dyspnoe)
— coz je subjektivni priznak mnoha onemocnéni

— popisovana jako pocit nedostatku vzduchu nebo ztizeného a
namahavého dychani

MUNI
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Dechova prace

Increased
Air flow Resistance

Total

N

Air flow

Elastic

-
—~

Increased
Normal : ;
Elastic Resistance
Total
g Total
=
g . gt
o Elastic
S
x ,_/
5 | Elastic
- < =
A'M
Air flow v -
T | | T T I I T
5 10 15 20 5 10 15 20
Respiratory frequency (breaths per minute)
©UWorld
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Dusnost (dyspnoe)

namahova Ci klidova
— pfi fyzické namaze je mirny stupen dusnosti
normalni, patologickou se stava jen pri velmi
mirném stupni namahy (napf. pomala chuze)
nahle vznikla vs. pomalu progreduijici

ortopnoe

— zmirnéni typickou polohou v sedé v predklonu —
lepsi prace dech. svalll a mensi Zilni navrat

bez ohledu na to jak je duSnost castym
symptomem, mechanizmy jejiho vzniku nejsou
zcela znamy
uvazovany nasledujici vlivy:
— zména plicnich objem0
* detekovany receptory ve svalech hrudni stény pfri
nedmeérné zmeéné jejich délky
— napéti generované svaly pri kontrakci
e vnimano Golgiho Slachovymi organy

— rozliSuji mezi normalnim sval. napétim a napétim pfri
oslabeni nebo patologii

— centralni percepce dechového usili
(chemoreceptory, neokortex, ... ?)

bézné priciny dyspnoe

Hemodynamic, metabolic, &
pulmonary parenchymal
abnormalties

Increased physiological
deadspace

Yl

Impaired gas exchange

Decreased lung
compliance

Increased airway
resistance

N

Abnormal lung and chest
wall mechanics

l l

Reduced ability to respond

\ / to ventilatory needs

Dyspnea

Ventilatory supply is insufficient
to meet ventilatory demand

Ventilatory demands
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Eupnoe vs. abnormalni vzorec dychani

vymena plynu prostou difuzi

— Ttlakov{/ gradient, Tplocha, Tteplota,
Trozpustnost, Ltlouétka membrény,
Imolekulovd hmotnost, Yviskozita

* O, xCO,

eupnea

— fx V;=12-18/min x 500 mL

patologie vzhledem k frekvenci,
dechovému objemu a poloze subjektu
— tachypnea x hypopnea

— ortopnea x platypnea x trepopnea,

— dyspnea

— apnea

1. Eupnea (normal)

WAPASEVAFAVAN Y,

2. Tachypnea 3. Bradypnea

VWWWWWWVY A" AN NN\

5. Cheyne-Stokes

4. Apnea

ool
6. Biot's 7. Apneustic
WAV st
8. Agonal 9. Shallow
4\/ S W
10. Hyperpnea 11. Air trapping
A\VAVAVAVAVAVARSRVN\\\\\eee
12. Kussmaul's 13. Sighing

MWV, o
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(4) DYNAMICKA KOMPRESE DYCHACICH CEST (BEHEM
USILOVNEHO DYCHANI A PRI MNOHA PLICNICH ONEMOCNEN:I)
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Rozdil mezi klidovym a usilovhym vydechem

po vétsSinu trvani vydechu je rychlost proudéni , effort-
independent”

Dynamic airway collapse on
forced expiration is
effort independent

Peak flow is A
effort dependent

Low
effort (with increasing effort at end)

TLC RV
Volume

High lung volume

Mid volume

Low volume

SRS RN bl
10 15 20 25
Intrapleural pressure
(cm ”20)

Inspiratory
flow (I/sec) L g

Flow = (Palv-Patm)/airway resistance

EFFORT. | EFFORT —|
DEPENDENT INDEPENDENT
10 9
)
o 8
o
Q
"
» 6
Q
Q.
= 4
3
o
w 2
TLC
Expired Volume (L)
Low | High
Airway Resistance -



Volume (L)

Flow-volume |00p: peak inspiratory and initial expiratory flow rates are dependent
on effort, whereas expiratory flow rates later in expiration are independent of effort

15 7N
!\ Maximal effort
5 10 ] \
RV
+ r
A 8 I
10 - p
o
= - ' Effort-independent
© "
FVC 2 44 = ' region
SCOR ) N
FEF,s . I
2 - . § RV
Y rd i
- - 0 ; ; i -
3 4 5 = 5 ‘é‘ Volume
Time (sec) - Volume (L) = exhaled
(o}
-4 T
S
-6 sl
2
Q
-8 [7)
=
-10
B
Koeppen & Stanton: Beme and Levy Physiology, 6th Edition. Higher lung volume -——— Lower lung volume

Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved
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Mechanismus dynamické komprese pri usilovhém vydechu

Chest wall

Intrapleural

space

LUNG AND CHEST WALL

Conducting airways

Alveoli

Normally, expiration is a
passive process. Alveolar
pressure becomes

positive (higher than
atmospheric pressure) because
the elastic forces of the lungs
compress the greater volume
of air in the alveoli. When
alveolar pressure increases
above atmospheric pressure
(D), air flows out of the lungs
and the volume in the lungs
returns to FRC. The volume
expired is the tidal volume. At
the end of expiration (A), all
volumes and pressures return
to their values at rest and the
system is ready to begin the
next breathing cycle.

Pressures, in cm H,0, are shown at different points in the breathing cycle, atmospheric pressure is zero, and values for alveolar and
intrapleural pressure are given in the appropriate spaces. The yellow arrows show the direction and magnitude of the transmural
pressure across the lungs. By convention, transmural pressure is calculated as alveolar pressure minus intrapleural pressure. If
transmural pressure is positive, it is an expanding pressure on the lung and the yellow arrow points outward.

Pam=10

+1

Expiration

Expiration

Pam =0

b

Pam =0

Inspiration

Pam=0

Inspiration

During inspiration, the diaphragm contracts,
causing the volume of the thorax to increase. As
lung volume increases, the pressure in the lungs
must decrease. (Boyle’s law) Halfway through
inspiration (B), alveolar pressure falls below
atmospheric pressure (-1 cm H,0). The
pressure gradient between the atmosphere and
the alveoli drives airflow into the lung. Air flows
into the lungs until, at the end of inspiration (C),
alveolar pressure is once again equal to
atmospheric pressure; the pressure gradient
between the atmosphere and the alveoli has
dissipated, and airflow into the lungs ceases.
During inspiration, intrapleural pressure
becomes even more negative than at rest.
There are two explanations for this effect: (1) As
lung volume increases, the elastic recoil of the
lungs also increases and pulls more forcefully
against the intrapleural space, and (2) airway
and alveolar pressures become negative.
Together, these two effects cause the
intrapleural pressure to become more negative,
or approximately -8 cm H,O at the end of
inspiration. The extent to which intrapleural
pressure changes during inspiration can be used
to estimate the dynamic compliance of the|] U | 1

lungs. MED



ProcC je vydechova rychlost limitovana?

Alveolar
pressure

+40

Elastic recoil
pressure of
lung = +10

pohyb vzduchu dychacimi cestami je vzdy vysledkem tlakovych
gradientl mezi alveoly a vnéjsim prostifedim

— alveolarni tlak (P,,,) je roven elastické smrstivosti plice (Pg ) plus
intrapleuralnimu tlaku (Pp,)

— pozitivni P,,, béhem expiria a negativni béhem inspiria
béhem klidného dychani je podtlak v pleuralni dutiné zodpovédny za
distenzi dychacich cest
— priusilovném vydechu u zdravého ¢lovéka (napt. kasel) jsou dychaci cesty
komprimovany pozitivnim pleuralnim tlakem pres 10 kPa
— dychaci cesty se neuzaviraji kompletné, protoze tlakovy gradient je udrzen
rovnéz zvySenym alveolarnim tlakem

pfi usilovném vydechu prekroCi transmuralni tlak jak P, tak P,

— mezi alveolem a usty bude bod/usek (C), kde se tlak v dychacich cestach
vyrovna intrapleuralnimu tlaku = equal pressure point (EPP), za timto mistem
dojde ke kompresi dych. cest

— EPP neni fixni, protoze béhem vydechu dochazi k poklesu tlaku a zmenseni
plicniho objemu, takzZe se posouva distalnég;i
— inicidlné je v dych. cestach s chrupavkou a teprve pozdéji dochazi ke kolapsu

* toto ma vSak za ndsledek okamzity narust tlaku v dych. cestach pred kompresi a jejich
opétovné otevreni a pokracovani usilovného vydechu

— u zdravych tak dych. cesty ,vibruji“ kolem EPP = ,,dynamicka komprese”

MUNI
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Rozdil mezi klidovym a usilovhym vydechem

FORCED EXPIRATION




EPP a dynamické komprese/kolaps dych. cest

Normal Lung

Emphysema

Normal
+1  +0.1 .
Expiration
oy o Powerful
Forced Expiration
Mild
+8  +4

Forced Breathing

Dynamic Airway Collapse

Narrow

cartilagenous
bronchus
(equal pressure point)

Forced expiration

Elastic pull

Alveolus

Expiration

P. =1000 Pa \ ] N
T ey D
/? 7 ? 7 7 ? § 2 % P,=0

Total energy =
(h *p . G + 1/2p *V: +P|at»:~v.\i) dV

Elastic recoil

e

)

Expiratory effort --- Increased Kinetic energy --- Reduced lateral pressure --- Dynamic Airway Collapse
Fig. 13-5 KMc

Bronchiole
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Dusledky

(a) Resting
weesecsnes e dynamické komprese dych. cest zpusobuje jejich
LS. - predcasné uzavreni ,air trapping” a vede ke
0 Par ¥ zvyseni plicnich objemu
Pl Fi o "~ toto nicméné inicialné napomaha piekonani
— dynamickych odporu protoze je zvétSen objem,
i coz zvetsuje kalibr dych. cest a elastickou
[+0s 20 'S smrstivost
2.5 - 0
: * priprogresi obstrukce a dalsim zvysovani
= P+ P rezistence, usilovny vydech vazne (circulus
[c) Forced expiration (airflow limitation, asthma and COPD) Vltlosus)
¢ e predcasné uzavirani a inspiracni ,,otevirani”
oz 2.0 kolabovanych cest vede k typickych hlavnim a
‘22 e . vedlejSim poslechovym nalezim
W ot ecor s nceases @ yyznam PEEP ventilace
© Elsevier Science Ltd
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------------

' Airflow
limitation

(5) PRIKLADY OBSTRUKCNICH NEMOCI
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Mechanizmy obstrukce dychacich cest

e Zuzeni dychacich cest muze nastat v dusledku:
— a) kumulace hlenu, sekretu ¢i jiného materialu v lumen dychacich cest
— b) ztlusténi stény dychacich cest (hypertrofie)
— ¢) zkraceni hladkych svalll okolo ve sténé dychacich cest (bronchokonstrikce)
— d) kolaps stény dychacich cest pfri ztraté kontaktd (emfyzém)
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Chronicka obstrukcni plicni nemoc (CHOPN)

— CHOPN ma plicni a systémovou komponentu '

* definice plicni komponenty CHOPN: \""9

Chronic
— trvala bronchialni obstrukce, ktery neni plné ronchitle '
reverzibilni, obvykle progreduje a je spojena s
abnormalni zanétlivou odpovédi na skodlivé
¢astice a plyny Chronic Obstructive Pulmonary Disease (COPD)

* CHOPN neni pouze plicni choroba, nybrz
systémove se projevujici syndrom

— bronchialni obstrukce u CHOPN je zpusobena Chronic Bronchitis
individualné rozdilnou kombinaci

* chronické bronchitidy (s excesivni produkci
respiracniho sekretu)

e plicniho emfyzému (tj. destrukce plicniho
parenchymu)

Healthy Inflammation
N &excess mucus

~

e obstrukéni bronchiolitidy (s obstrukci malych
dychacich cest)

e systémova komponenta zahrnuje
— zmeény plicni vaskulatury
— hypoxickou hypoxii

Emphysema

Healthy Alveolar membranes
break down i
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COPD

CHRONIC AIRFLOW LIMITATION
“EMPHYSEMA AND CHRONIC BRONCHITIS®

* Wheezing

e Easily Fatigued ' |

* Frequent Respiratory . i’ucr::odn-il:FC): oB:;:lthmg
Infections

* Use of Accessory . Baor;cl Chest

Muscles to Breathe ® Uyspnea

e Orthopneic . f’f’?li?:gcd Expiratory

® Bronchitis -
Increased Sputum

e Cor Pulmonale
(Late in Discase)

¢ Digital Clubbing

® Thin in
Appearance

u 02007 Nurvwmg Education Comeeltanta, In

Stage I: Mild

Spirometry shows mild airflow limitation (FEV, 280% predicted; FEV,
/FVC <0.70). Primary symptoms are chronic cough and
sputum production

Stage Il: Moderate

Spirometry shows a worsening airflow limitation (FEV, >50% and <80%
predicted; FEV /FVC <0.70). Patients often experience dyspnea,
which may interfere with their daily activities.

Stage lll: Severe

Spirometry shows severe airflow limitation (FEV, 230% and <50%
predicted; FEV /FVC <0.70). Symptoms of cough and sputum production
typically continue, dyspnea worsens, and repeated exacerbations occur.

Stage IV: Very Severe

Spirometry shows very severe airflow limitation (FEV, <30% predicted or
FEV, <50% predicted; FEV /FVC <0.70 plus chronic respiratory failure).
Complications such as respiratory failure or heart failure may develop.

1. Rodriguez-Roisin R, Anzueto A, Bourbeau J, et al; GOLD Executive Committee.
Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease (updated 2009).
Global Initiative for Chronic Obstructive Lung Disease Web site:
hitp://www.goldcopd.com/Guidelineitem.asp?|1=2&12=1&intld=2003. Accessed March 8, 2010.
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COPD

e CHOPN je jednou z nejcastejsich chronickych nemoci a zaroven jednou z nejcastéjsich pricin mortality
v celosvetovéem meéritku

— 4. misto v poradi nejcastéjsSich pri¢in umrti v zemich s vysokou prevalenci koureni
* po IM, nadorech a CMP

* 85-90% nemocnych CHOPN jsou kuraci
— incidence vyssi az 20x u kurdkd v porovndnis nekuraky
— efekt prostredi (kvalita ovzdusi) hraje vyznamnou roli
— genetika

you'll be back... they

P al\ Come b‘c"

- Current smokers -
- 36 percent

Former smokers
47 percent

Never smokers
17 percent
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Chronic bronchitis (& >2mm) and bronchiolitis (2 <2mm)

symptomaticka definice

— produktivni kasel s expektoraci sputa po vétSinu dn béhem
tfi a vice mésicu v roce, a to za podminky, Ze se tento stav
opakuje nejméné dva nasledujici roky a neni vysvétlitelny
jinou pric¢inou

avsak pacienti typicky dlouho trpi pouze chronickou
bronchitidou bez obstrukce a teprve po delsi dobé u nich
vznikne bronchialni obstrukce (tj. CHOPN)

— anamnéza dlouhotrvajiciho produktivniho kasle velmi Casto -
predchazi vzniku a rozvoji CHOPN, existuji také nemocni A
s prokazanou CHOPN, u kterych nemuseji byt klinické /
projevy chronické bronchitidy vibec vyjadreny / \a

— mnoho chronickych bronchitid se vsak do zadného stupné [ &3 |
CHOPN nikdy nerozvine - )

pritomnost chronické bronchiolitidy je obligatnim = >
projevem CHOPN dominantné zodpoveédnym (spolu > )
s plicnim emfyzémem) za obstrukci A (NN
— chronicky perzistujici zanét drobnych pradusinek (prdméru |
<2 mm)
— pomér mezi chronickou bronchiolitidou a plicnim
emfyzémem je zcela individualni

U
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Chronic bronchitis — pathologlcal anatomy

* pat.-anat. projev: ‘

— hyperplazie hlenovych Zlazek a poharkovych bb.
ve velkych i malych dychacich cestach

— hyperemie a edém stény bronchu

— metaplazie cylindrického epitelu na dlazdicovy

— fibréza a hypertrofie svaloviny vétsSich bronch(
* funkcni dusledek: porucha mukociliarniho

eskalatoru a perzistujici infekce

— zanétova infiltrace
* zejm. makrofagy a lymfocyty ve velkych dych. cestach
* neutrofily a eosinofily v malych
 klinicky dusledek: produkce sputa po vétsinu
dni prinejmensim 3 meésice v roce alespon ve
dvou po sobeé jdoucich letech
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Lung emphysema

* destrukce plicniho parenchymu (alveolarnich,
duktalnich a sakularnich struktur ) tkané distalné od
terminalniho bronchiolu bez pritomnosti vyrazneé;jsi
fibrozy

— patologicky, nikoliv klinicky pojem
— radiologicky korelat pri ztraté vice nez 40% tkané:
« zesvétleni plic
* rozsireni postizené tkané (vzduch)
e funkcni dusledek:

— ztrata elastickych vlastnosti plic a kolaps malych dychacich cest -
béhem exspirace Fneet .

blocked ===

e proto obstrukéni nemoc alveoll
— zadrZovani vzduchu, narUst rezidualniho objemu (hyperinflace)

— expirace je obtizni kvUli ztraté elastické smrstivosti plice, redukce
objemu vzduchu vydechnutého pasivnim vydechem

— Kombinace zvysSeni RV (a FRC) a zmenseného kalibru bronchiol(
zpUsobuje ,,air trapping” v acinech

— hyperinflace alveoll vede k tvorbé emfyzematdznich bul

Trapped  co|lapsed
air bronchiole
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Zdrava (vlevo) vs. emfyzematozni plice (vpravo)
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Emfyzém — typy u CHOPN

NORMAL ACINUS Respiratory

bronchiole

// \\f

Alveolus

A
- ~ :\
(" —~— ))
B Respiratory ~N
bronchiole Y
,/ =\~ W LA \
';x"'- R \ )
P »
2y ) ;\ 3 "\\ 2
4 ( -
/ \
\T

7 N7 R

U
\

Alveolus

SA Alveolar
S ) duct

Centriacinar emphysema

Panacinar emphysema

e centroacinarni (centrilobularni)

— distenze a poskozeni plicni tkané
kolem respiracnich bronchiolu,

distalni alveolarni dukty a alveoly

obvykle neposkozeny

— nejcastejsi typ emfyzému u kuraku

a CHOPN

panacinarni
— distenze a destrukce postihuje cely

<]

acinus, plice se v nejhorsim pripadé

stanou buldzni

— pricinou Casto deficit o-1-

antitrypsinu, u CHOPN méné casty

MUNI
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Normal

Centriacinar
(Centrilobular) Emphysema

Panacinar
(Panlobular) Emphysema

ACINAR STRUCTURE

TLLOBULAR PATTERN
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Variabilni prunik u CHOPN

PURE CHRONIC BRONCHITIS PURE EMPHYSEMA
)
Large airways (trachea, bronchi) — Acinus (respiratory bronchiole,
* Mucus hypersecretion R alveolar ducts, and alveoli)

* Inflammation * Loss of elastic recoil
* (Chronic bronchitis) * (Emphysema)
L) /

Small airways (bronchioles)
 Peribronchiolar fibrosis
* Airway obstruction
* (Chronic bronchiolitis)

© Elsevier Ltd. Kumar et al: Basic Pathology 7E www.studentconsult.com
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Tobacco smoke
Air pollution

Continual bronchial
irritation and inflammation

1

Chronic bronchitis:
bronchual edema,
errsecrehon of mucus,
romc productive cough
bronchospasm

Breakdown of elastin in
connective tissue of lungs

11

Emphysema:
destruction of alveolar septa,
airway instability
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Etiologie CHOPN - multifaktorialn

koureni
— inaktivuje a-1- antitrypsin
— zvySuje pocet neutrofilnich granulocytl v dychacich cestach
* zdroje elastaz a proteaz, které podporuji rozvoj emfyzému

— vede k tkanovému poskozeni (kyslikové a dusikové radikaly) a jejich odklizeni makrofagy
(zdroj matrixovych metaloprotinaz)

— podporuje rozvoj hypertrofie slizni¢nich zlazek a tedy CHB
— zhorsuje ucinek surfaktantu
hyperreaktivita dychacich cest

genetika (= variabilni dusledky u dvou osob se stejnou ,,cigaretovou” zatézi)
— deficit al-antitrypsinu

* al-antitrypsin inhibuje neutrofilovou elastazu, ktera je schopna destruovat plicni tkan.
* prokdzano cca 75 alel v genu pro al-antitrypsin

— dalsi geny
* prozanétlivé cytokiny, ristové faktory, rovnovaha protedzy/antiprotedzy, antioxidacni obrana aj.
expozice dalSim respiracnim skodlivinam (prach, kour, profesni expozice, dopravni
zplodiny, spalovani biomasy aj.)
— nejvice rizikovou komponentou jsou drobné ¢astice < 2,5 um
recidivujici infekce dolnich dychacich cest a plic

Y 4
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Effect of smoking

Obrdzek 1. CHOPN - nemoc rychlého poklesu plicnich funkcl

FEV1(% hodnoty ve 25 letech) Nekurak nikdy

100-

75+

nebo necitlivy na kourenl

Kourenl pravidelné

50- + citlivost na kouren(
Invalidita
25 ., Stop ve 65
Smrt .'u "
0 T T
25 50 75
vek (roky)

TOBACCO

&g

I .

Nicotine Reactive oxygen
species
('free radncals )

IL 8
LTB, Inactlvatlon of
TNF antiproteases
(“functional” «;AT
deflciency)

Neutrophil
elastase

=54

Neutrophil T —
Congenital o;AT
deficiency EMPHYSEMA
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Plicni cévy u CHOPN

Cigarette Inflammation
smoke W[ 1=9 products

vy /
mmm Endothelial cell

}

Endothelial
dysfunctlon /
i VE

¢eNOS
JrPGlS

/ \....
/
Intimal tffickening

SMC
proliferation

(remodeling)
|

T PAP

remodelace (tj. ztlusténi stény, zuzeni
lumen a zvyseni rezistence) plicnich cév je
pri CHOPN pritomna jiz ¢asné v prubéhu
choroby

— endotelova dysfunkce
* zejm. v duUsl. oxidaéniho stresu

— hyperplazie intimy

* bunky (zanétovy infiltrat a hl. sval. bb.) a ECM
— hypertrofie medie
postupné k remodelaci prispiva i hypoxie u
CHOPN a ztrata casti kapilar pri emfyzému
— vazokonstrikce
— casem prekapilarni forma sek. plicni

hypertenze

cor pulmonale
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Patofyziologie CHOPN

hlavnim projevem CHOPN je pokles schopnosti Uplné a rychle
vydechnout v dusledku

generalizovaného poklesu pruznosti (elasticity) plic
zvysSeni odporu v (malych i velkych) dychacich cestach

v dUsledku téchto zmén zodpovédnych za obstrukci a zvyseného usili
nemocného béhem vydechu nékteré oblasti perifernich dychacich
cest kolabuji

plice jsou tak na konci vydechu jesté naplnény urcitym mnozstvim
vzduchu ,uvéznéného” ve sklipcich kvuli kolabovanym pridusinkdm (tzv.
plicni hyperinflace)

— hrudnik méni sv(j tvar (z oplostélého valce se stava , soudek”) a “"'_“f_? ci ’?'” Strukturaini
zmensuje schopnost zvysit rozsah dechovych pohyb dysfunkce zmény
ventilacné perfuzni nerovnovaha (viz dale), rozviji se hypoxémie o
— svalova unava, povsechna slabost, spolupodili se na vzniku dusnosti  — dvchacich
— hypoxie a malnutrice vede k Ubytku svall ({, free fat mass, FFM) dychacich cest | Systdmovs
— vede ke zvySeni tlaku v plicnich cévach (sekundarni plicni hypertenzi) cest komponenta
— ten zvysSuje afterload pro pravé srdce a vede k jeho remodelaci (cor
pulmonale)

pozdéji popripadeé i k hyperkapnii s respiracni acidézou
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Klinicka heterogenita CHOPN

{7[ ‘Blse Sonter” | g‘t \

\

*v % @\ QS

W'""" 'Qf\
/x' .7,

 A—pink puffer (,rizovi odfukovaci) - prevaha
emfyzému
— destrukci sept vynika ,, mrtvy prostor®, ale vzhledem k

soucasné destrukci kapilar je vysledny ™ V,/Q mensi
a lépe se kompenzuje hyperventilaci

e zavazna dusnost ale Pa02 a PaCO2 v krvi blizko
normalnim hodnotam
B —blue bloater (,,modri odulci”) - prevaha
bronchitidy
— zavazny ,zkrat“(d, V,/Q) vedouci k hypoxémii a
hyperkapnii

* pfitakovém V,/Q nepoméru se neda upravit
hyperventilaci a navic dochazi ¢asem k adaptaci na
hyperkapnii, takze tolik nehyperventiluji (mala dusnost)

— cyanoza pri hypoxémii a sek. polycytemii

— vyznamne se uplatnuje hypoxicka vazokonstrikce a
vznika plicni hypertenze a pravostr. srdec¢ni selhani
(otoky rovnéz prispivaji k ,,odulému® fenotypu)

70
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A. Prevazne emfyzém B. Prevazné bronchitida
(,pink-puffer®) (,blue-bloater*)

Klinicky obraz

paoz
pacoz

Plicni
hypertenze

Cor
pulmonale
Dusnost

RTG

Funkce
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Hypoxickeé plicni vazokonstrikce — plicni hypertenze —
cor pulmonale (hypertrofie) — kongestivni srdecni
selhani
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Bronchialni astma

prevalence
— 5-10% u déti Normal bronchiole Asthmatic bronchiole
— cca 5% u dospélych : '

definice GINA 2006

— chronicky zanét dychacich cest, v jehoz
etiopatogenezi hraje vyznamnou roli fada
bunék a jejich pusobk

* Zirné bunky, eozinofily a T-lymfocyty)
— zanét zpUsobuje zvyseni priiduskové reaktivity
* kterd vede k opakovanym epizodam piskot( pfi
dychani, dusnosti, tlaku na hrudniku a kasle,
prevazné v noci a ¢asné nad ranem

— tyto stavy jsou obvykle provazeny
zachvatovitou, rozsahlou, ale proménlivou
bronchialni obstrukci, ktera je Casto
reverzibilni, at jiZ spontanné ¢i po terapii

typy 0

— alergické (extrinsic)

* IgE-zprostifedkovana bronchokomtrikce\>
— nealergické (intrinsic)

* IgE-nezprostrfedkované = bronchialni hyperreaktivita

— porucha epitelu

— zvySena citlivost k bronchokonstrikénim
podnétim

Allsrgen
—_——

Mast cell O
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IgE-zprostredkované astma

 podkladem je atopie

— geneticka predispozice k alteraci
A ooy imunitni reakce vimunopatologickou

reakci 1. typu
Histamine, Ieukotrienes‘ Rapid t . ’v ,
and other pharmacological br?)r:\lchggz.;sm zvysena tvorba IgE
mediators e prevaha aktivity CD4+Th2 bunék
(cytokiny IL-4, 5, 6, 13)

* zméneéna prezentace Ag prostrednictvim
APC

e odliSna reaktivita cilovych bunék na
mediatory (histamin)

* snizena supresoricka aktivita T bb.

* vy$Si mnozZstvi mastocyt(

* vyssi koncentrace FceR1 na jejich povrchu
damage — protilatky IgE zameéreny nejcastéji proti
(aero)alergeniim

production .
genetlcs

'/Bcell

coes: [ a1 (T2 cells7) ~ Eosinop) - "
. S * domaci (prach, roztoci)
Antigen-\ [ . pyly
presenting
macrophage . {GM-CSFR . v s . .
‘FeeRl iroioay Tod * infekéni agens (bakterie, viry)

* jiné (i cirkulujici)
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Polygenic nature of asthma

Smooth muscle
B2AR

ADAM33

IL-13

Goblet cell

IL-13

Mucus

CLCA1

IgE

Lamina % ' lgeceptor: FCeR1B

propria - : Production: IL-13/IL-4
o ¢ signalling

Eotaxin, RANTES.
IL-4, IL-13, TGFB

Dendritic cell | cD14, TLR2,
Epithelial cell | TIM1, HLA

TNF, CC16,
IL-4, IL-13

Terminally differentiated epithelium
DPP10, GPRA, SPINK5

variants at a number of genes affect bronchial function.
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S

b

zace u atopika

Figure 23-1 Case Studies in Immunology, 4/e (© Garland Science 2004)

Proportions of asthmatic children sensitized to common allergens

100
85%
75 - Q@
0 50% 50%
501 . 40%
\\/
20%
25 %
0
House dust Cats Grass Dogs Moulds
mites pollen
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Patogeneze alergického astmatu

Capillary
) MEDIATOR =
g’:];t RELEASE Plasma \

Dendrm Antigen

Presentation

Histamine Increased
Leukotrienes Smooth

.+ . Muscle Tone ’

ThO CD4*

o

Bronchospasm \
Edema
Epithelial
Mucus Damage
Antigen Layer Excess
5 LATE RESPONSE Mucus
'
Airway
U
o e \ Inflammation
} Airway Injury
1

Epithelium

Hyperrespon- e
siveness ,: > .-
4 Y o

LUNG

MARROW IL-3,

GM-CSF, € : ¢
i e o LA
Eosinophilopoiesis Eosinophil e
in Bone Marrow

TRANSMIGRATION
INTO LUNG AND
AIRWAY PERSISTENCE

Inhaled antigen is processed by dendritic cells and presented to Th2 CD4+ T cells. B cells are stimulated to produce IgE, which binds to mast cells. Inhaled antigen binds to IgE, stimulating the
mast cell to degranulate, which in turn leads to the release of mediators of the immediate response and the late response. Histamine and the leukotrienes produce bronchospasm and airway
edema. Released chemotactic factors, along with factors from the Th2 CD4+ T cells, facilitate eosinophil traffic from the bone marrow to the airway walls. These late responses are proposed to
lead to excessive mucus production, airway wall inflammation, injury, and hyperresponsiveness. (GM-CSF—granulocyte-macrophage colony-stimulating factor; IFN-y—interferon gamma; IL—

interleukin)
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Mediatory zirnych bunék a eozinofilu

Eosinophil proliferation,
maturation, recruitment
and activatlon Leucocyte migration

IgE production priming and activation
IL-4 @

IL4, IL-5 IL-4, IL-5 / i
IL-5 IL-6,
PAF

Nerve - Leucocyte adhesion
stimulation  istamine IL-5, TNF o
PGD,, LTC,, .
kinins, chymase Histamine, .
PGD,, LTCa, K
Kinins ,
_— ( Vasodilatation
Smooth muscle contraction/ .
bronchoconstriction Mucus secretion Epithelial damage: MBP, ECP

Bronchial hyper-reactivity: MBP
Bronchospasm: leukotrienes,

| ér PAF, MBP
S

Mast cell activation: MBP, EPO
Mucus secretion: LTC,4

Activation macrophages,
neutrophils: PAF
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Patogeneze astmatu - akutni zachvat a chron. faze
casna (bezprostredni odpoveéd)
— do 15-30 min, mediatory Zirnych bunék (zejm.

histamin)

zodpovédné za okamzitou reakci a rovnéz chemotaxi
dalSich bunék

— zvySena sekrece hlenu, otok sliznice
— kontrakce hladkych svall (bronchospazmus)

pozdni odpoved

po 4-8 hod
mediatory neutrofilll, eozinofil

leukotrieny C, D a E, bazicky a kationicky protein aj.

komplexy antigen-protilatka a aktivace
komplementu

zanét (hyperemie, edém), hypersekrece hlenu,
prip. destrukce epitelu

chronicka faze
— chronicky zanét+ procesy reparacni vedouci

strukturalnim i funkénim zménam (remodelace)
dychacich cest

ireverzibilni prestavba dychacich cest
zvySeni hyperreaktivity (bludny kruh)

Antigen ___ ( Lymfaticka Kontrakce
A <4 than
s tAY

\ LY

_____

Mediatory:
histamin

p—
leukotrieny (LTC,)
—————— chemotaktické faktory

() Kapilara )

Zvjsena permeabilita

Abnormal Bronchial Wall & Lumen During
An Attack Of Asthma

Oedema of the lamina propria
Epithelial cells with ciliz

Mononuclear
phagocytes

Mucus with
immunoglobuling

Mucociliary

escalator Mucous glands
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Table 7.1 Characteristics of Th1 and Th2 cells

Th1 Th2
Cytokines « IL-2, IFN-y « IL-4, IL-5, IL-10, IL-13
 |IL-3, GMCSF » IL-3, GMCSF
Main receptors * IL-12RB, IL-18R « CCR4
+ CXCR3, CCR5
Effector functions * Macrophage activation » Production of IgE
« Complement-binding » Production of neutralizing antibodies
» Opsonization » Suppression of macrophage activation
» Neutrophil activation » Eosinophil activation, proliferation, maturation, recruitment

GMCSF, granulocyte macrophage colony stimulating factor; IL, interleukin; IFN, interferon; IgE, immunoglobulin E.

Table 7.2 Characteristics of regulatory T (Treg) cells

nTreg aTreg:Th3 aTreg:Tr1
* T cell: T celllAPC contact + Soluble/membrane TGF-f » Soluble IL-10
* Generated in thymus * Generated in periphery (post- * Generated in periphery
* CD4+, CD25hi, CD45R0O+, GITR+, thymic) * (post-thymic)
CTLA4+, CD103+, Foxp3+ » Variable CD25 expression « Variable CD25 expression
* Protect against autoimmunity * Inhibit Th1 and Th2 responses * Inhibit Th1 and Th2 responses

* 5-10% of CD4+ T cells

Major characteristics of subsets of CD4+ Treg cell bases on cell-surface markers, immunosuppressive cytokine secretion and
suppressive action. nTreg, natural Treg; aTreg, adaptive Treg; Th, T helper cell; Tr1, T-regulatory cell type 1; APC, antigen-presenting
cell, TGF, transforming growth factor; IL, interleukin. (From Van Oosterhout AJ, Bloksma N (2005). Regulatory T-lymphocytes in
asthma. Eur Resp J, 26:918-932.)
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Casnad a pozdni faze

IL-3, IL-4, IL-5,
GM-CSF

Eosinophil

Allergen Epithelial

BIER damfge?

[BEICECECDC RN R

IL-3, IL-5

Release of
primary and
secondary

mediators Early response

g N Vasodilation
Mast cell Vascular leakage

Smooth muscle spasm

Late response

Release of granules

Y

Mucosal oedema
Mucus secretion
Leukocyte infiltration
Epithelial damage
Bronchospasm
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Chronicka faze

— chronicky zanét + repairacni
procesy vedou k ireversibilni
strukturni remodelaci a funkcné
k hyper-reaktivité dychacich cest

Environmental trigger

i}\ (Air pollution, Viruses, ETS, Diet)

— epitel
Intact Injury Damaged Repair __ |ntact e cilia, deskvamace
epithelium epithelium EGF epithelium _ ) o
/ s 3 * hypertrofie hlenovych Zlazek a
. S gy i : ¢
w Chronic |\ ophil Eosinophi hyperplazie Gobletovych bb.
| O cel — bazalni membrana
Growth factors
. 4 i i * Fibrotizace v subepitelialnim
R 1o rostoru (kolagen)
asthma symptoms Myofibroblast P g
activation ,
X : — svalova vrstva
Increased smooth muscle mass ° hypertrofie SMCs

==
me



Hyperreaktivita dychacich cest jako faktor propojujici vsechny
typy astmatu

Exaggerated response to

inhaled allergens e parasympaticka nervova zakonceni
- jsou ve sliznici blizko povrchu
Exe’2§$£§“°ed — jeji poskozeni vede k jejich obnazeni
a tim zvyseni bronchokonstrikéniho
|, [— potencialu
|, Astma oo * bronchomotorické testy
izt Gl — bronchodilataéni testy - testy
—»{Cold air reverzibility bronchialni obstrukce
| \ * salbutamol 200-400 ug
Hype;;;\isazosnswe W Exaggerated e jpratropium 80 ug
PEF I\/\/\/\/\/\ vg',‘,‘;:?,',, — bronchokonstrikcni — bronchialni
J’ hyperreaktivity
: e histamin 1g na 100 ml fyziol. roztoku
t;zrgsnt;:ggﬁfﬂs:’sy Nocturnal asthma  metacholin
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Table 1.4 Stimuli that can provoke asthma symptoms

« Cold air
+ Exercise
« Climate, including changes in temperature and humidity, e.g. fog
* Air pollution, both indoor and outdoor
« Fumes, including smoke, perfume, sprays
+ Allergens, including house dust mite, cat, dog, moulds
+ Medications, including
— B-blockers used for heart disease and high blood pressure
- non-steroidal anti-inflammatory drugs such as aspirin used for pain relief or arthritis
« Emotion, including stress and loss (bereavement)
« Hormonal, such as premenstrual and during pregnancy
+ Night-time and early morning

+ Foods, including preservatives, such as tartrazine (orange colouring), monosodium glutamate (used in Chinese
food), sulphites (included in some wines) and allergens such as peanuts, shellfish

« Workplace exposure to agents to which individuals become sensitized
+ Alcohol

« Viral respiratory tract infections such as the common cold and influenza
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Aspirinem-indukované astma (AlA)

e klinicky je typicke:

— vyskyt prvnich obtizi je mezi 30. a 40.
rokem veku, Castéji u zen

® aspirin

— celorocni (perzistujici) ryma Membrane Phospholipids
— nosni polypy s neprichodnosti nosu 1 Phospholipase A,
° fre kvence: v Arachidonic Acid
— cca 10% dospélych s AB ma AlA Cyclooxygenase / \ 5-lipoxygenase + FLAP
e Vv populaci je to 0,3-0,9% Prostaglandins Leukotriene A,
" Thromboxanes -
° iri A i poxide
,,aSpI rrnove trlaS Leukotriene C/ \hydrolase
— senzitivita k ASA synthase i ,
eukotriene B,
— astma Leukotriene C,
— perzistujici rinosinusitis s nosni polypdzou a \ ]
eozinofilii |
bronchokonstrikce
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Pathogenesis of virus-induced asthma

. :::_%' . Axrway Inﬂnﬂgtahon

: * ." Hypesresponsiveness
1%,

. 5 \
-

T Cell

Inhaled virus infects epithelial cells and leads to apoptosis of some of them. The release of chemotactic factors promotes the recruitment of
macrophages into the lung parenchyma, where they ingest the dead epithelium. An acute response consisting of bronchospasm occurs at this
time. Similar to allergic asthma, the inhaled virus is processed by dendritic cells and presented to Th2 CD8+ T cells. These cells produce
copious amounts of IFN-y. Perforin released from the T cells leads to apoptosis of infected cells. B cells produce IgG, which is capable of
neutralizing the virus. These events are thought to be related to the chronic response, which consists of airway inflammation, goblet cell
hyperplasia, and airway hyperresponsiveness. (IFN-Y—interferon gamma; IL—interleukin; CCL—chemokine ligand)
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Klinické priznaky astmatu

exacerbace s priznaky bronchialni obstrukce a kaslem

dusnost (expiracni dyspnoe), pocit tize na hrudniku

* zapojeni pomocnych dych. svall, zatahovani mezizebri, jugul. jamek
slysitelné fenomény (piskani)
kasel (drazdéni senzorickych nervl mediatory zanétu)
hyperinflace (hypersonorni poklep, oslabeni ozev)

« dusledek obstrukce dych. cest (pomalejéi vydech spojeny s air-trappingem vedouci ke T rezidualniho objemu (FRV)

* dusledek posunu dychani na vyssi plicni objemy (adaptivni mechanizmus k redukci zdzeni dych. cest zvySenim obvodového
tahu)

respiracni selhani

« T dechova prace vede k Gnavé dych. svald (pracuji mimo optimalni délkové poméry)
— pfi mirné/stfedni exacerbaci — mirna hypoxemie (nepomeér ventilace/perfize) a hypokapnie (zvysené dechové usili)
— z4vaind exacerbace — prechod pres normokapnii k hyperkapnii

procC tendence k no€nim obtizim

cirkadialni maximum vagotonie

minimalni hladiny kortisolu (vyssi aktivita zanétlivych procest)

alergeny v loZnici (prach, pefi, roztoci)

ochlazeni vdechovaného vzduchu (okolni teplota, sniZzeni télesné teploty ve spanku)
hlen stékaji z pridusek z HCD, GERD, vymizeni ucinku Iék( nad ranem
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