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Poruchy ventilace a vymeény plynu v plicich

Spirometricke vysetreni

Ustav patologické fyziologie LF MU



Respiracni funkce plic

e plicni ventilace

* alveolarni ventilace (5250 ml/min)

 celkova (500 x 15 = 7500) — mrtvy
prostor (150 x 15 =2250)

* prutok krve plicemi

* difuze plynu pres alveolo-kapilarni
membranu
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Ventilace a perfuze

1. normainé ventilovany
a perfundovany alveolus

vdech bronchidlni systém 2. 24dnd perfuze

difuze

M

9

vydech

plimés venézni krve
LAalveolamibho” plvg

krev
phitékajici :
a. pulmonalis tunkdni
mrtvy prostor
—

gu

3. omezeni (zéstava)

4. nevétrany alveolus

Loaxtraalveolémi™

phmh venbdzni krve

odtok krve
do plicnich $il

B. Respiraéni plicni poruchy
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Ventilacne-perfuzni rovnovaha

(a) Normally perfusion of blood past alveoli is matched to
alveolar ventilation to maximize gas exchange.

Arteriole

(b) Ventilation-perfusion mismatch.

If ventilation decreases in a group of alveoli (blue), Pco;
increases and PO, decreases. Blood flowing past those
alveoli doss not get oxygenated.

{c) Local control mechanisms try to keep ventilation
and perfusion matched.

Decreasad tissue P, around underventiated alveoli
constricts their artericles, divering blood to better
ventilated alveoll.

Blood flow diverted
to better ventilated
alveoli
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Rozdéleni poruch ventilace

 prosta hypoventilace
e CNS (urazy, léky, otravy)
» obstrukce hornich dychacich cest

* restrikcni poruchy

* redukce funkéniho parenchymu
plic nebo omezeni dychacich
pohyb

* obstrukcni poruchy
* smisené
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Restrikcni nemoci

* spolecna patogeneze (1172 CAUSES OF INTERSTITIAL

v , ;L : LUNG DISEASE*
e poskozeni alveolarniho epitelu

Occupational and Environmental Inhalants

e zanétlivé a fibrotické zmény Pneumoconioses
L s .. . . Coal miner’s pneumoconiosis
* postihuje alveoly i intersticium Silicosis

Asbestosis
Hypersensitivity pneumonitis

Farmer's lung

Pigeon breeder’s lung

tuha plice, { poddajnost
* priznaky

* dyspnoe (dusnost), tachypnoe Drugs and Therapeutic Agents
L, Cancer drugs
e neproduktivni kasel Bleomycin
. h 2 dvchani Busulfan
povrchove dychani Cyclophosphamide
* I dechova frekvence, |, dechovy objem e
Amiodarone
* Poz snizeny pri zatezl Immunologic Lung Disease
° \l/ FVC Sarcoidosis

Collagen vascular disease
Systemic lupus erythematosus
Rheumatoid arthritis
Scleroderma

*This list is not intended to be inclusive.
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Obstrukcni choroby

» obstrukce dychacich cest

* generalizovana nebo lokalizovana
* omezeni prichodnosti, vétsi odpor
* méni ventilacni parametry

* spolecné maji

e dusnost (dyspnoe), piskot
* M dechova préace

» ventilacné-perfuzni nerovnovaha
* snizeny FEV1

* nejcastéjsi
e astma, chronicka bronchitida,
emfyzém

~ Pulmonary artery ]
/ ——Cartilage Submucosal
‘ gland
Mastecell —— [ : / Roencet
Parasympathetic ——————""" membrane
nerve
Smooth —___ P e
muscle RN 4
Bronchioles — < =
g \\Epitholium e
/,/
Respiratory — ' Goblet cell
bronchioles B I Nocacd
- alveoli
Enlarged
e submucosal N Degranulation
/glond /of mast cell
Mucus._ | -
occumuloﬁon\ Smooth musdle = (' g
constriction. = | 47
Mucous ) \ N f '
plug X\, \ A & &) \ \
\ - |
\ Mu }
Inflammation ;lo‘:;gs / T - .l
- of epithelium T '
Hyperinflation____ Hyperinflation g\c‘::f:lr,:uloﬁon
of alveoli T ofdwoli — — <=
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Astma

* reverzibilni .
* bronchialni hyperreaktivita .
e zanét .

celosvetove 5-16 %
e zhruba 335 mil. lidi
 Castéjsi u chlapct a u Zzen

nejCasteji se objevi v detstvi

opakujici se obstrukce dychacich cest * rizikové faktory

rodinny vyskyt
expozice alergenu
meéstské prostredi
znecisténi ovzdusi
koureni

infekce dychacich cest
alergicka rinitida

* hypotéza hygieny

dédicnost
e polygenni

klasifikace
 alergické, nealergické
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Patofyziologie astmatu
e zanét
e degranulace zirnych bunék
* |IgE nebo iritans
* prozanétlivé mediatory
* histamin, prostaglandiny, leukotrieny

* chemotaktické faktory
* infiltrace neutrofily, eozinofily, lymfocyty

e zanét vyvolava
* bronchospazmus
e zvysena permeabilita cév
* edém, vazky mukus
* zhorseny mukociliarni transport
e ztlusténi stény dych. cest

* zvysena kontraktilni odpovéd bronchialnich
hladkych svall
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Patofyziologie astmatu

akutni hyperresponzivita a obstrukce
e kontrakce bronchialnich hladkych svalu a

sekrece hlenu

* poskozeni epitelidlnich bunék

nelécCeny zanét

* remodelace dychacich cest

obstrukce dychacich cest
* zvyseny odpor a zpomaleni pohybu

vzduchu

zhorseny vydech
* hyperinflace

* zména dychaci mechaniky

e zvysSena prace

Allergen or irritant exposure

l

Immiene activation

(IL-4, IgE production]

WVasoadive mediators

L

Vasodilation
Increased capillary permeability

-| Mast cell degranulation

v

Chemciactic mediators

4

L

Cellular infiltration
(neutrophils, lymphocytes, eosinophils)

Bronchospasm
Vascular congesiion
Mucus secretion
Impaired mucociliary function
Thickening of airway walls
Increased contractile response of
bronchial smooth muscle

L

Awubonomic

L

Bronchial hyperresponsiveness
Airway obsirudion

dysregulation

W

Release of toxic
neurcpepfides

L i

Epitheliol desquamation

and fibrosis
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,Non-T 2" astma

Cigarette smoke
Pollutants

=

oopmwrhl

Airway microbiome
PAMPs from viruses or bacteria

Airway lumen ‘J

Mums | TLRs

lIl Mrom

000000000000

IL-17A,

A7F, 3 0 [
g IL-8
\ ;) :-‘
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Fenotypy astmatu

Table 1 Asthma phenotypes in relation to characteristics

Clinical and Pathobiology and
Natural history  physiological features biomarkers Genetics Response to therapy
Early-onset allergic  Early onset; Allergic symptoms and Specific IgE; T2 cytokines; 17ql2; Corticosteroid-responsive;
mild to severe  other diseases thick SBM T,2-related genes T, 2-targeted
Late-onset Adult onset; Sinusitis; less allergic Corticosteroid-refractory Responsive to antibody to IL-5 and
eosinophilic often severe eosinophilia; IL-5 cysteinyl leukotriene medifiers;
corticosteroid-refractory
Exercise-induced Mild; intermittent Mast-cell activation; Responsive to cysteinyl leukotriene
with exercise T2 cytokines; modifiers, beta agonists and antibody
cysteinyl leukotrienes to IL-9
Obesity-related Adult onset Women are primarily affected;  Lack of T ;2 biomarkers; Responsive to weight loss,
very symptomatic; airway oxidative stress antioxidants and possibly to
hyperresponsiveness less clear hormonal therapy
Neutrophilic Low FEV1; more air trapping Sputum neutrophilia; Possibly responsive to macrolide

T,,17 pathways; IL-8

antibiotics
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Manifestace

uplna remise

* bez symptomd, dychaci funkce normalni
castecna remise

* bez symptomd, funkéni testy abnormalni

slow-onset acute asthma
* hodiny az dny, pomalé zhorSovani
 Casto po infekcich, zanét dychacich cest

akutni astmatické ataky

* minuty az hodiny s rychlou progresi
symptomu

e béhem atak

dyspnoe, zvysena dechova prace
piskani

arterialni krevni plyny

méreni PEF

neproduktivni kasel

prodlouzena exspirace
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Diagnostika a lecba

* pri ataku
» pokles vydechové rychlosti, FEV1,
FEV, FVC

e FRC a celkova kapacita plic zvysena
* hypoxemie

* eliminace vyvolavajiciho agens

* farmakologicka lécba

* bronchodilatancia a protizanétliva
léCba
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Chronicka obstrukcni plicni nemoc (COPD)

syndrom s abnormalnimi  priciny/rizikové faktory
vydechovymi testy, které progreduji a e kouteni
nejsou plné reverzibilni (pres [écbu) e znediéténi ovzduii

* GOLD - Global Initiative for Chronic « biomass smoke inhalation
Obstructive Lung Disease
e Tiffanyho index < 0.7
* sniZuje se s vékem
* zohlednéni symptomu a FEV,

profesionalni expozice
infekce dychacich cest v détstvi
geneticka predispozice

* spirometrie! 4 stadia (GOLD)
omezeni proudéni vzduchu * mild (FEV, > 80 %) A
* progresivni * moderate (50 — 80 %) = r— S
* abnormdlni zanétlivd odpovéd na * severe (30 — 50 %) e e o >
Skodlive Castice/plyny * very severe (< 50 %) ) Ny >
 z vetsi casti ireverzibilni

e kvuli strukturnim zménam

Age

epidemiologie {MJ |
o v Vewvys vsve s v Ervironmental exposure |

* 3. nejcastejsi pricina umrti I ———

e Castéjsi u muzu

e (Casto nediagnostikovana

* mirna obstrukce u 20 % dospélych
> 40 let
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Patofyziologie COPD

* cigaretovy kour
* primé poskozeni epitelu dychacich cest

endogenni intracelularni molekuly a DAMP
PRR (TLR2 a 4)

cytokiny (IL-1,8)

makrofagy, neutrofily, dendritické buriky
ROS, proteolytické enzymy

* 3 znaky
e obstrukcni bronchiolitida
* emfyzém
* hypersekrece hlenu

Initiating factors

{eq smoking childhood respiratory disease)

/_.? lunig defence \ /
!

/

/
i

Alrevay
apithalial injury
&

i
!

hY
Progression \

of COPD

o

.

Impaired innate

Microbial 4-'
antigens

v
v/

Microbizl
colonisation

\

Alterad balance between proteinase
T— proteinas 44— Increased protechtic activity

and antiprotainase
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A exacerbation
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COPD

Airway
lumen

Airway held open
by alveolar
attachments
[elaztin fibres)
F \ & “a
- Airwey closure /

Air trapping and
hyperinfiation |

Baseline state

v . : =
[ 1 symptoms | [Hozpi | [ e tpmgmsicm |Dmh|
Patient outcomes
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Fenotypy pacientu s COPD

More emphysema Less mphym
|" l“l ' : 'l'
Pink puffer ﬂuo bloater
» Lower body mess index Higher body mes: index
= Fewer cardiovescular co-morbidities - Mon metebolic co-morbidities
= Fewer metabolic co-morbidities » Cardiec compromize
= Lezs muscle mazz = OSA-COPD overlep
= Hyperinflation = Lezs hyperinflation
= Low diffusion cepecity for CO = More chronic bronchitis
= More dyzpnoes = Increazed exacerbations
= Decreased exercize cepacity = More normal diffusion cepacity
= Worst health stetus = Higher serum level:s of inflammatory
» Lower serum levels of s3RAQGE: markers {IL-6 and CRP)
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Chronicka bronchitida

* hypersekrece hlenu a chronicky  patofyziologie

prgdluktivnl' ka§e_l trvajici déle neiv?, + /) hlen, P poet a velikost hlenowych
mesice v roce min. 2 roky po sobé slazek a gobletovych bunék

* etiologie * silnéjsi a vazky hlen
* az 20x vyssi incidence u kuraku * bakterie (H. influenzae, S. pneumoniae)
* znecisténé ovzdusi  zhor$end cilidrni funkce, { clearance hlenu,

oslabeni obrannych mechanizmi

e zanét a ztlusténi stény broncht
= Normal , R T v
bronchial e edém, zanétlivé bunky

b‘ “lbc v ’ 7 v V4
| * bronchospazmus az permanentni zuzeni
dychacich cest

— * nejprve postizeny velké dychaci cesty

bronchial

| tube * hlen + hypertrofie hladkych svald = obstrukce,
prip. uzavreni
* air-trapping
* hypoventilace, hypoxemie
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Chronické bronchitida

* manifestace

* J tolerance namahy
piskot, dyspnoe
produktivni kasel
obstrukce ({, FEV,)
* hypoxemie pri namaze
e /M sputum, infekce
« { FVCaFEV,
e P FRC a rezidualni objem
* J ventilace, T PaCO,
* polycytemie, cyanoza

» diagnostika a lécba
e plicni testy, krevni plyny
* patologické zmény jsou
ireverzibilni
* prevence
e |écba
* bronchodilatancia
e expektorancia
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Emfyzém

e trvalé zvetseni acinu s destrukci alveolarnich o
. s . 7 inflamma cells
sept bez zjevné fibrozy : =

* zmény plicni tkané spiSe nez zanét

¥
Release of elastase

'

 typicky zacina v respiracnich bronchiolech A 270) N Action inhibited
| 77 @ ".;"j«.g}_'; by aq=antitrypsin
. 7 7 L& L R g \ 1~
e primarni (1 -2 %) ® @5®Ye —
. . . . ~ | &) HoJ| Decnasud hherited
 deficit a,-antitrypsinu \ SN 7 /) | crantitopsing 5 o nttrypsin
1 A\ Q 7 4 activity
) N . ) Y q‘u o deficiency
* autozomalné recesivni — 3
. v Macrophages
* homozygoti 70 — 80 % Sance and neutrophils Destruction of
H o N4 o elastic fibers in 'W
* u pacientu pod 40 let a u nekuraku
e sekundarni El—

* kouf, znecisténi ovzdusi
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Patofyziologie emfyzému

. o Tobacco smoke
e patofyziologie e
| Ll
o s . : antitrypsin deficiency
e destrukce alveolu proteazami fommaionf e
* inhalace oxidantu (koufeni) - zanét mﬁmwlmﬁo
. . v . . ic effacts cells and release of cytokines nhibition of normal
* infiltrace burikami — cytokiny S EE ‘m’m‘%ﬁ%‘;‘j{fﬁf codogenos akpromas
v s 7 ’ .« . op - inferleuking
* uvolnéni proteaz (elastadza) i inhibice |
. , _ . . l l
antiproteaz (a,-antitrypsin) et el ok
* destrukce sept il
lelastases, cathepsins, elc.)
* eliminace &3sti kapilar, air-trapping |
* obtiznéjsi expirace e b;m%ﬁ,
* pripadné zGZeni dychacich cest | 1 |
* rozdéleni e
Y e
* centriacinarni (infoctons, bronchospasm)
e panacinarni T
Cough
Hypoxemia
Hypercapnia
Cor pulmonale
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Chronicka bronchitida vs. emfyzem

* pink puffers

prevaha emfyzému
kolaps bronchiold a alveolarnich sept
dominuje predevsim mrtvy prostor

dlouho bez respiracni insuficience, ale
nutné velké dechové usili k prekonani
mrtvého prostoru

deficience al-antitrypsinu (vrozena ci
ziskana — koureni)

CHRONIC BRONCHITIS EMPHYSEMA
CAUMNCAL DAt DY FRODLCT PATNOLDGC TRALROS. TEDaaT
COUGH PR TWRIE monTid O MRt & _ 0 ERUARGAMINT M0 DETTS0CTION OF Ao NCN

OCTaL 10 M TIRAAAL BRONOM

* blue bloaters

prevaha chronické bronchitidy

obstrukce bronchiol(

dominuje zkrat

parcialni, pozdéji globalni resp. insuficience
dlouho neni hyperkapnie — neni dechové usili
tézka hypoxie — vysoky deoxyHb

vetsinou kuraci
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Exacerbace COPD

zhorseni predchoziho stabilniho stavu
» kasel, dyspnoe, I produkce sputa
e vétsSi zména nez obvyklé kolisani
déleni podle zavaznosti
* mirna, stfredné zavazna, zavazna
dusledky

* zhorseni kvality zivota, urychleni
progrese, " riziko smrti
etiologie
* vétSinou infekce
* koureni, znecisténé ovzdusi

prevence
* vyhybat se skodlivinam
e ockovani
* pravidelna medikace

Panel 1: Causes of acute exacerbations of chronic
obstructive pulmonary disease*

Infectious (60-80% of all exacerbations)
Frequent (70-85% of all infectious exacerbations)

Haemophilus influenzae
Streptococcus pneumoniae
Moraxella catarhalis

Viruses (influenza and parainfluenza viruses, rhinoviruses,
coronaviruses)

Infrequent (15-30% of all infectious exacerbations)

Pseudomonas aeruginosa®
Opportunistic gram-negative species
Staphylococcus aureus

Chlamydophila pneumoniae
Mycoplasma pneumoniae

Non-infectious (20-40% of all exacerbations)

Heart failure

Pulmonary embolism
Non-pulmonary infections
Pneumothorax
Pneumonia

Precipitating and environmental factors

Cold air

Air pollution

Allergens

Tobacco smoking

Non-adherence to respiratory medication

*In patients with severe impairrment of forced expiratory volume in 1 s and other
known risk factors.®
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Manifestace, diagnostika a terapie

dyspnoe pri zatezi, pozdeéji v klidu
kasel - malo

sputum — velmi malo

postizeni Casto stihli

tachypnoe, prodlouzeny vydech

funkcni plicni testy
« U FVCaFEV,
* MFRC,RVaTLC
« J difuzni kapacita

Increase in dose/frequency of inhaled bronchodilators
Systemic corticosteroids
Oxygens
Ventilatory
P e e - support
Antibiotics (if change in sputum)
Other interventions (eg theophylline)
!
g AND: consideration and management of comorbidities

THEN: consider appropriate exacerbation prevention strategies
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Klasifikace COPD

Post-
bronchodilator
FEV;

Exacerbations

Symptoms*

>50% of predicted
<2 per year
LOW RISK HIGH RISK
Moderate Severe
GROUP A GROUP B GROUP C GROUP D
[low risk of [low risk of [high risk of [high risk of
exacerbation, exacerbation, exacerbation, exacerbation,

less symptoms] more symptoms] less symptoms] more symptoms]
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Systémové manifestace a komorbidity COPD

 sdileni rizikovych faktort s chronickymi
chorobami
v v ’ Anxiety/depression — i
e pl. koureni '
* /M riziko COPD, CVD, rakoviny plic, osteopordzy

* nejcastéjsi komorbidity

* |CHS, diabetes, osteoporoéza

e deprese

e systémovy zanét
e cytokiny
* TNF-q, IL-6,8 Hypestesion
 adipokiny
* proteiny akutni faze
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Dalsi obstrukcni plicni nemoci

‘Mm7

CFTR gene mutation

g

=N
L |
'

E

Respiratory tract
secretions

Airway epithelial
H;O | cel

Defective CI™ secretion with
excessive Na* and H,0 absorption

l

Abnormal thick and viscid
respiratory tract secretions

v

v

Development of a

microenvironment that is
protective of microbial agents

Defective mucociliary

e cysticka fibroza
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Plicni parametry

6000 A
5000 Inspiratory reserve o
volume 3100 mL § Inspiratory
4000 — g [ capacly
< 3600 mL
§
o S Total lung
SO Tidal volume 500 mLW\) & capa:city
. = 6000 mL
2000 — Expiratory reserve
volume 1200 mL Functional
residual capacity
1000 Residual volume 2400 mL

1200 mL

!

Y

Lung volumes

Lung capacities

e statické

TLC — celkova kapacita plic

RV — rezidualni objem

ERV — expiracni rezervni objem

IRV — inspiracni rezervni objem

FRC — funkcni rezidualni kapacita (ERV + RV)
VC — vitalni kapacita (TLC — RV)

TV — dechovy objem

* dynamické

FVC — usilovna vitalni kapacita
FEV1 — expiracni sekundova kapacita
FEV1/FVC

FEF25-75 % - primérna rychlost toku ve stredni
poloviné FVC

PEF — vrcholova vydechova rychlost MUNI

MED



Funkcni vysetreni plic

 zakladni
* meéreni vrcholové vydechové rychlosti

e spirometrie (screening), krivka pratok-
objem
* bronchodilatacni test

* rozsSirené

e spirometrie, krevni plyny, pulzni
oxymetrie

* bronchokonstrikéni test

* specialni
* neprimo méritelné statické plicni objemy
* odpor dychacich cest
 difuzni plicni kapacita

e kontraindikace
* akutni onemocnéni respiracniho traktu
* neschopnost spoluprace
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