Patofyziologie respiracniho systému Il|

Plicni cirkulace & perfuze, limitujici faktory
Plicni hypertenze

Plicni embolie

Plicni edém

ARDS

Shrnuti - respiracni insuficience
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Capilllaries

Plicni vs. systémovy obéh

Plice jsou jedinym organem, kterym prochazi veskera krev!!!
— v objemu, ktery se rovna srde¢nimu vydeji (cardiac output, CO)
Tlak je generovan pravou komorou (right ventricle, RV)
— pfi zvySeni CO (napf. fyzickd aktivita) musi byt plicni cirkulace schopna pojmout objem
bez vyznamného zvyseni prace RV
* distenze a ,recruitment” v klidu uzavrenych kapilar
— tj. vzhledem k jinym tlak a objemovym pomérim a délce je i morfologie plicni cév jina
* méné hladké svaloviny, vétsi roztaznost tlakem a zvySenym pritokem
* ale svalovina malych plicnich arterii je dlileZitd — viz hypoxicka vazokonstrikce

Plicni vaskularni rezistence (PVR) kolisa mezi nadechem a nddechem, tedy s
objemem plic (viz dale)
Plice maji dvoji krevni zasobeni
— deoxygenovana krev z RV cestou plicni arterie (PA)
— systémové (nutricni) zasobeni dychacich cest (po Uroven resp. bronchiold) bronchialni
cirkulaci
* odstup z descendentni aorty
. EI:?ar}chhiélni vény z malé ¢asti drénuji do pulmonalni vény a podili se tak na fyziologickém

Broncho-
pulmonary

4 hlavni plicni vény Usti do levé siné (LA)

Bronchial
Artery

Bronchopulmonary
Arterial Anastamosis

| Azygous
Vein

Pulmonary
Artery

Pulmonary
Vein
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External respiration

Pulmonary
anery

Systemic
veins

Pulmonary cirouit

Systemic circult

Red blood celis

Plicni vs. systémovy obéh

Pulmonary

_ Systemic
artenas

Internal respiration

Plicni cirkulace
— Jdtlak /{ odpor /T poddajnost
* mensi tlakovy gradient je dostacujici k pfekonani vzdalenosti mezi RV a LA

— odpovéd na J P02 (tj. alveolarni hypoxie) — vazokonstrikce
* s cilem optimalizace V,/Q nepoméru, redistribuce krve do |épe ventilovanych oblasti plic

— nejvétsi pokles tlaku v plicnim kapilarnim recisti
Systémova cirkulace
— Ttlak/ T odpor / { poddajnost
* obrovsky tlakovy gradient je nutny k pfekonani velké vzdalenosti mezi LV a RA
— odpovéd na 4 P02 (tj. hypoxemie) — vazodilatace
* s cilem zvySeni pritoku a dodavky kysliku
— nejvétsi pokles tlaku pred kapilarnim recistém

Mean = 100

Mean = 15
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Pokles tlaku mezi zacatkem a koncem , malého” a ,velkeho” obéhu
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Co determinuje prutok (plicni) cévou — efekt PVR

° Q = AP / R _——»> Pressure gradient \ —

Feghar pressure
— Q = flow pressure

— AP = pressure difference RIS
— R =resistance

Resistance:
vessel diameter

SyR - Mean arterial pressure - mean right atrial pressure

vessel length
Qs (systemic blood flow) blood viscosity

mean pulmonary artery pressure - mean left atrial pressure

PVR =
Qp (pulmonary blood flow) P - P2
Flow = F_
Pulmonary vascular P ot arters = PL atrium R = resistance '
resistance PVR = cardiac output l"]mlm artery = Pressure in pulmona ' ,
Pl trium = Pulmonary capillary w .= L >
Remember: AP=0 xR, so R=AP /0O 1 = viscosity of blood; I = vessel length;
R=8nl/mr r =vessel radius
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Plicni cirkulace — alveolarni a extra-alveolarni cévy

* alveolarni cévy
— kapilary alveolarnich sept Pumonary
o Vé v Vé Vé v Y4 v Vé ane rom
— pusobi na né alveolarni tlak (ménici se béhem nadechu a fight heart)

:- Pulmonary vein
A (to left heart)

Vyd e C h U ) Bronchial artery
y . . , (from left heart,
* nadechem jsou tedy komprimovany via aorta)

e extra-alveolarni cévy

— arterie a vény v intersticiu lemujici vétveni dychacich cest
* tvori tzv. ,bronchovaskularni svazek”
— roztahovany ,radidlni trakci“ elastickych elementd
intersticia
* tudiz nadechem jsou otevirany
— misto, kde se inicialné
zacina kumulovat tekutina
pri plicnim edému

on alveolar sacs
(cut away in places) B

Capillaries

Alveolar space

_ Alveolar septa

Alveoli

Y\ Pulmonary

Bronchovascular _ Vain

bundle

Pulmonary
artery




Pulmonary vascular resistance - minimal at FRC

A AT END OF INSPIRATION

Expanded alveoli encroach
on alveolar vessels.

More negative
intrapleural
pressure pulls
Pip open extra-

Pip

Interstitial space

T alveolar vessels.

[

AT:ezlgs/y L
v 1
-
PA
Alveolus S\
~

B DEPENDENCE OF VASCULAR RESISTANCE ON LUNG
VOLUME

Pulmonary
vascular
resistance

Total resistance is sum of
alveolar and extra-alveolar
resistances.

/

Total \
Alveolar blood
vessels

Extra-alveolar
blood
vessels

N

e - - - - - -

RV

FRC TLC

Static lung volume
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Pulmonary vascular resistance,

mmHg/mL/min

Vztah mezi objemem plic a PVR

Alveoclar
vessels

Extra-alveolar
vessels

RV FRC TLC
Lung volume, L

PVR je hlavni determinantou afterloadu
RV

vyznamne roste pri obou extrémech
objemu plic
— béhem narustu z rezidudlniho objemu (RV)
k celkové plicni kapacité (TLC) “alveolarni”
cévy (Cervené) jsou zvySené komprimovany
zvysenym alveolarnim tlakem, takze jejich
rezistence roste
— zatimco “extra-alveolarni” cévy (modre) se
dilatuji (a naprimuiji) s inflaci plic
u zdravého cClovéka tyto protichudné
efekty inflace urcuji minimalni PVR pri
funkéni rezidualni kapacité (FRC)
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Pri fyzické zatezi se zvysuje CO - ,recruitment” a

distenze plicnich kapilar

A EFFECT OF PULMONARY ARTERIAL PRESSURE ON
VASCULAR RESISTANCE

0.0020
0.0015
Pulmonary
vascular
resistance 0-0010
mm Hg
mbL/min
0.0005
L
ﬁ/l 15 17 prs o
Mean pulmonary arterial pressure
(mm Hg)

C RECRUITMENT AND DISTENTION OF ALVEOLAR VESSELS

Some vessels
are collapsed...

... some vessels
are open but
nevertheless
do not conduct

... and previously
open-but-nonconducting
vessels now conduct blood.

In the first stage of
RECRUITMENT,
previously collapsed
vessels now become
patent but still do
not conduct blood...

Increase in

perfusion

pressure
-..and other Meanwhile, DISTENTION
vessels are widens vessels that previously

open and had been open and conducting.

conduct blood.

B EFFECT OF PULMONARY ARTERIAL PRESSURE
ON BLOOD FLOW

25
20
15
Pulmonary
blood flow
(L/min)
Normal value
Y
5 °
0 J

0 5 10 15 20 25
Mean pulmonary arterial pressure
(mm Hg)

Later during RECRUITMENT,
even the previously collapsed
vessels now conduct blood.

All vessels now
dilate, causing
resistance to fall.

Further
increase in
perfusion
pressure
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,Starling resistor” — efekt alveolarniho tlaku na prusvit cév
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Nerovnovaha mezi mezi ventilaci a perfuzi

 distribuce krve v plicich je fyziologicky
Ventilation-Perfusion Ratio v ’ . .
3 2 1 nerovnomérna vlivem gravitace /
g 5 hydrostatického tlaku

— roste od apexu k bazim plic

* toto prispiva k jistému nepomeru mezi
V,/Q ratio i u zdravych lidi
— vezmeme-li v uvahu efekt alveolarniho tlaku

na perfuzi mizeme definovat teoretické zény
Bottom of Lung a pIIC (1 — 3)

15
10
05
[

vzhledem k vetsi perfuzi bazi plic je
prispévek techto oblasti véetsi

I/min % of lung volume
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Alveolus

Pulmonary
artery

Alveolus

Koncept plicnich zén

zO0na 1

Capillary P Pa - Py — u normalni plice (ve vzprimeném postoji)
prakticky neexistuje
— patologicky se zvétSuje u
— * hypotenze/hypovolemie (napf. krvaceni)
Pa > PA > Pv * mechanicka ventilace plic pozitivnim pretlakem

zOonha 2

Pulmonary

Pa > Pv > PA

e 70na3

{From McCance KL Huether SE. editors: Pathophysiology: the biologic besis for disease in aduks and chidren, ed 4, St Lows, 2002, Mosby )

vein — pratok je uréen rozdilem Pa a PA a ne
tlakovym gradientem Pa — Pv

— patologicky se zveétsuje u
Zoneil * hypoventilace a dychani s malych TD

— prutok je urcen rozdilem Pa — Py, protoze
oba jsou vétsi nez alveolarni tlak (PA)

4 — patologicky se zvétsuje u
* PH a atelektazy
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Plicni hypertenze

definovana jako abnormalni vzestup krevniho tlaku v plicnici

— nejedna se o onemocnéni (s vyjimkou primarni PAH), ale hemodynamickou

abnormalitu, ktera provazi rfadu onemocnéni

kritéria PH — tlak v a. pulmonalis
— systolicky tlak > 35 mmHg,
— stredni tlak > 25 mmHg,
— diastolicky tlak > 12 mmHg

Z hlediska hemodynamiky a rozliSujeme:
— prekapildrni PH
* normalni tlak v zaklinéni
— sk.1, 3, 4 anékteré5

— postkapilarni PH
* sk.2
— hyperkinetickou PH

* nékteré 5 — napt. hyperthyredza, srde¢ni vady (komunikace) aj.

Z hlediska pricin rozliSujeme:
— plicni arteridlni hypertenze (PAH),
— PH prfi onemocnéni levého srdce,
— PH u respiracnich chorob a nebo pfi hypoxémii,
— PH u chronické trombotické nebo embolické nemoci,
— PH zjinych pficin

Hemodynamic Profiles in PH

Pea = (PVR) (CO) +Pta

Precapillary
IPAH, HPAH, PAH in CTD, HIV,
appetite suppressants, CTEPH,
etc.

Y

Ppa= Pulmonary artery pressure
PVR=Pulmonary vascular resistance
CO= Cardiac output

Pla=Left atrial pressure

Postcapillary
LV dysfunction, mitral or aortic
valvular disease, others

Increased flow
ASD, VSD, PDA, portopulmonary
hypertension, thyrotoxicosis,
anemia, systemicshunts, etc.
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Pravostranna plicni katetrizace ke zjisténi PAP a PCWP
(jako aproximace PLA)

T 40
PA PAW

=T ) | i)




Plicni hypertenze (mean PAP >25 mmHg)

Table 1. Clinical Classification of Pulmonary Hypertension

Targeted
treatment
Classification available?
Group 1*: Pulmonary arterial hypertension Yes
Including idiopathic, heritable, and HIV-associated; systemic
sclerosis and other connective tissue disease; congenital heart
disease; schistosomiasis; drug- and toxin-induced
Group 2: Pulmonary hypertension due to left heart disease ~ No
Including systolic and diastolic dysfunction and valvular heart
disease
Group 3: Pulmonary hypertension due to lung diseases No
and/or hypoxia
Including chronic obstructive pulmonary disease, sleep-
disordered breathing, and interstitial lung disease
Group 4: Chronic thromboembolic pulmonary hypertension  Yes
Group 5: Multifactorial pulmonary hypertension No

Including metabolic, systemic, and hematologic disorders (sickle
cell disease), and others

HIV = human immunodeficiency virus.

*—Also includes 1’ (pulmonary venoocclusive disease and/or pulmonary capillary
hemangiomatosis) and 1" (persistent pulmonary hypertension of the newborn).

Information from references 3, 4, and 6.

PAH (WHO Group 1)

PH due to Left Heart Disease
(WHO Group 2)

PH due to Chronic Lung Disease
(WHO Group 3)

CTEPH (WHO Group 4)

PH due to unknown causes
(WHO Group 5)

Misc.
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(A—G): duvod narustu tlaku v plicnici

A - pulmonary arteries and arterioles:
— pulmonary arterial hypertension

cCO — pulmonary hypertension associated with lung diseases
2 (PH-lung)

B - pulmonary venules:
— pulmonary veno-occlusive disease

PA  C-pulmonary veins:
rY /—\ AoTia — PV stenosis
Lung >MV —> AV ——> ,
T : "/ * D -left atrium:
W — stiff LA

A | ‘ e E - mitral valve:
— mitral stenosis
. . — mitral regurgitation
| * F - left ventricle:
— heart failure with reduced ejection fraction

< > | . — heart failure with preserved ejection fraction
PH groups 1, 3, 4, (5) PH group 2 * G left ventricular outflow tract:

|

— aortic stenosis
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Primarni/idiopaticka/familiarni PAH

 dusledkem remodelace stén

@ RISK FACTORS AND e @VASCULAR INJURY = @ DISEASE PROGRESSION . s o/
ASSOCIATED CONDITIONS Endothelial dysfunction Loss of response to short-acting p | I C n I C h a rte rl I
Collagen vascular disease + Nitric oxide synthase vasodilator trial
Congenital heart disease + Prostacyclin production H 4 1
Portal hypertension t Thromboxane production - hy p e rt rOfI S h I d d ke SvVa I OVl ny
HIV infection SUSCEPTIBILITY t Endothelin-1 production .
Drugs and toxins Abnormal BMPR-2 gene  Vascular smooth muscle dysfunction Smod mixscls me d e

hypertrophy

Pregnancy Other genetic factors .

potassium channel (Ky4 5) Advontitet and

intimal proliferation £
A

* zvyseni rezistence plicnich arterii a
tim i ke zvySeni tlaku v plicnim
recisti

Adventitia

Smooth muscle

thrombosis 4

hypertrophy & _— . 4 v [
exiform A4BNJ ;s v s , ,
Early intimal “gf tesion._ 0 AV  tlak v zaklinéni normalni (do 12
proliferation 4 | ‘
= | mmHg)

* velmi vysoké hodnoty stredniho
tlaku v plicnici (okolo 60 mmHg)

e velmi Spatna prognoza
onemochneéni, nastesti vzacna

* geneticka predispozice

Vasoconstriction Advanced vascular lesion
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Plicni hypertenze u respiracnich chorob

primarni onemocnéni je v plicich

V/iQ |
mismatch ‘ Hypercapnic acidﬂsis‘

— tlak v zaklinéni je normalni Hypoxia

typicky jde o prekapilarni
hypertenzi

Salt water retention in
kidney tubules

etiologie S+
Secmﬁdary : Pulmonary Increased cardiac output
— CHOPN polycythemia I]:Lu Eii(:ir:}?jrg?gcapiﬂa Hyper tension Increased left-atrial pressure
— intersticiarni fibroza
— syndrom obstrukéni spankové 4%/
Reduction inlpulmonary
apnoe vascular bed P

Hyperinflation
Emphysema

— aJ.

cor pulmonale
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Hypoxicka plicni vazoconstrikce (HPV)

fyziologicky fenomén — konstrikce malych arterii plic pfi
alveolarni hypoxii
— u hypoventilace a nizkého V,/Q poméru

je to homeostaticky mechanismus vlastni plicni vaskulature

— odklonéni krve k |épe ventilovanym oblastem plica tedy
optimalizace ventilacné — perfuzniho poméru a systémové
dodavky kysliku

mechanismus

— v odpoveédi na nizky kyslik v alveolu se v mitochondrii méni
produkce ROS a ,,redoxni coupling” toto prenasi na hladké svalové
bunky medie pulmonalnich arterii

— toto blokuje draslikové kanaly, depolarizuje a aktivuje napétové
fizené kalciové kanaly

— zvysSeni intracel. Ca vede k vazokonstrikci

— pretrvavajici hypoxie aktivuje rho kinase a hypoxia-inducible factor
(HIF)-1a, coz vede k cévni remodelaci a plicni hypertenzi (PH)

— nasledkem vysSeni predtizeni RV je jeji remodelace (hypertrofie),
tedy cor pulmonale
primarni role HPV je udrzeni vysoké PVR ve fetalni cirkulaci u
neventilovanych fetalnich plic - HPV divertuje krev do
systémové vaskulatury

A Pulmonary B

artery

Endothelial

1
W\

Smooth muscle cell Hypoxict Nk

vasoconstriction ¢ \&%

= o
~
o —

Pulmonary Hypertension

Normal Heart

Enlarged Right Heart
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e The current model of the
IVI e C a n I S m O H PV cellular mechanism of hypoxic
pulmonary vasoconstriction in
a rat pulmonary artery (PA).

Relevant ion channels are
displayed. Under normoxia,

the membrane potential of
the smooth muscle of the PA
is held at approximately -50
mV because of the TASK-like
background current of a K +
channel. Hypoxic conditions
initially decrease TASK activity.
When combined with TXA 2,
activation of NSC induces
membrane depolarization up
to the threshold voltage for
activation of K v channels
(Step 1). In addition to the
NSC activation, hypoxic
inhibition of the K v current
further depolarizes the
membrane potential (Step 2).
As the membrane potential
depolarizes above -40 mV, the
activation of VOCC L
eventually allows for Ca 2+
influx for contraction of
smooth muscles. K v, voltage-
gated K + channel; NSC,
nonselective cation channel;
TASK-1, background-type K +
channel with a two-pore

C . domain (K2P); TXA 2,
Step 1 Step 2 ontraction thromboxane A 2 ; VOCCL,

voltage-gated L-type Ca 2+

channels.

(@‘(’\

£
(+)
g MemoransEeaeen mvy -40 m\/\/—

Potential
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Chronicka tromboembolicka plicni hypertenze (CTEPH)

stav, kdy po plicni embolii nedojde ani pres
adekvatni terapii k dostatecné rekanalizaci
tromb(

— naopak dochazi k jejich reorganizaci, fibrotizaci,
trvalému prichyceni ke sténé arterii a moznému
naslednému nardstani

— cca 2 — 4 % pacientl po probéhlé plicni embolii
tlak v zaklinéni je normalni
— muze byt pfi pritomnosti trombU obtizné jej
katetrizacné mérit
v zavislosti na rozsahu PE
— masivni — akutni cor pulmonale a prip. umrti
— stfedni — porucha VA/Q (mrtvy prostor),
pretizeni RV
— drobna — ¢asto bez priznak
PE typicky nasledek hluboké zilni trombdzy
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Plicni embolie jako nasledek hlubokeé zil. trombdzy

Superior Pulmonary
vena cava artery

Embolus

Femoral
vein
pofkozeni :
SR ‘ Inferior —+: Heart Liing
Thrombus venacava |:
Venous
valve

hyperkoagulaéni
smv . . -
Nature Reviews | Disease Primers
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PLICNI EDEM




Plicni edém

PULMONARY CAPILLARY FLUID BALANCE « definice: abnormalni akumulace tekutiny v
P T extravaskularnim prostoru plic
interstitial interstitial v . . . . . .
e co urcuje distribuci tekutin v plicnim parenchymu?

2 — (1) hydrostaticky tlak
3 0o
= 2 * favorizuje filtraci v plicich, protoze je pozitivni oproti tlaku v
Blood D (@) intersticiu
Vossel .g Interstitial — (2) onkoticky tlak (zejm. albumin)
\ = space * inhibuje filtraci, protoZe je velmi nizky v intersticiu
\ Y e — (3) permeabilita

* permeabilita kapilarni vrstvy >>> alveolarni vrstvy
— rozdilnd mezibunécna spojeni
» (¢astecné propustné pro albumin
e vysledkem je maly tlakovy gradient do intersticia, ale
ne do alveolu!!!
— alveolarni epitelie aktivné ,, pumpuiji tekutinu® ven
* Na/K ATPasa
* aquaporiny
« CFTR
« plicni edém vede k poruge vymény plynd (V difuze) a
Lymphatic dusnosti (popf. kasel — suchy nebo vihky)

flow — zmeéna poddajnosti a peribronchidlni edém

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

Arterial Pintravascular nintravascular. Venous

end end
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Plicni kapilary — Starlingovy sily

Pressures Causing Fluid Movement

CAPILLARY ALVEOLUS
Hydrostatic 8
pressure e —8 (Surface
tension
Osmotic gtpore)
pressure
Net ' (b" (Evaporation)
pressure 5) |
\ ‘ ("{‘\‘w
: B ‘4‘4&'{.\.
| \ Lymphatic pump
Capillary (Fe) Osmotic force Thr)
hydrostatic  |nterstiiaifluid  due to plasma 00 to intorstitiak-uid
FIOIIIO 38-6 {p;tei.;sure p:;'-r&;::rg “ Frrrop}t,ﬂn concentration protein concentration

Hydrostatic and osmotic forces at the capillary (left) and alveolar
membrane (right) of the lungs. Also shown is the tip end of a lym-
phatic vessel (center) that pumps fluid from the pulmonary inter-
stitial spaces. (Modified from Guyton AC, Taylor AE, Granger HJ:
Circulatory Physiology Il: Dynamics and Control of the Body
Fluids. Philadelphia: WB Saunders, 1975.)
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Ochrana plic proti edému

Alveolus Zonula Epithelial Interstitium

occludens lining fluid Type | cell

Type Il cell

Epithelium

. ENaC Alveolar
Connective Na* Fluid Clearance
tissue .D‘ J

Na/K o H20O
?S ATPase .SS' \
Endothelium ¢ Y 25 U / Sl AQP5 G\
K | '

CFTR 1

Capillary lumen by capiary
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Zasadni role lymfatického systému plic

lymph capillary tissue cells

interstitial fluid lymphatic vessel



Patofyziologie plicniho edému

kardiogenni
— nasledek onemocnéni srdce a nasl. plicni hypertenze
* LVHF
* nekomp. SAH
*  mitrdIni (aortalni) stendza
— zvySen hydrostaticky tlak

ne-kardiogenni

— nasledek poskozeni alveolll nebo kapilar
* inhalace toxickych substanci
* infekce
* trauma hrudniku
— systémové faktory
* sepse
* nizky onkoticky tlak (jatra, ledviny)
— zvySena permeabilita nebo snizen onkoticky tlak

Normal lung
/—* Lymphatic drainage

Distal airway epithelium

~—l {——Peribronchovascular interstitium
E 5\

Perimicrovascular interstitium ~u i/
Capillary
Alveolus

_ Epithelial type 1 cel
Endothelial cells

Intact endothelial barrier
ressure (Pmv)

Cardiogenic pulmonary edema Noncardiogenic pulmonary edema

Increased lymphatic drainage 4—\ | === Increased lymphatic drainage

; g
Peribronchovascular ] : Peribronchovascular
edema fluid ‘ ' edema fluid
- /.
e Fluid-filled
- . y /
Fluid-filled —___ /’ interstitium
interstitium B

N 5

' ”//V . Neutrophil

y &

Intact
endothelial
barrier

Disrupted
endothelial barrier
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Plicni edém — RTG — intersticialni vs. alveolarni
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ARDS (syndrom dechoveé tisneé dospélych)

Normal alveolus
_" Sloghing of
Inactivated
Surfactant
yor / surfactant

¢J Injured alveolus during the acute phase

Necrotic or apoplotic

synonyma Sokova plice, syndrom
hyalinnich membran, post-traumaticka
plice, ...

mortalita klesa, ale stale vysoka
— 35-45%
etiologie

— pulmonalni (primarni ARDS)
» aspirace zaludecniho obsahu (2nd)
* pneumonie
* inhala¢ni trauma
e plicni kontuze
e tonuti
e tukova embolie
* reperfuzni poranéni po transplantaci plic

— etrapulmonalni (sekundarni ARDS)
* sepse/septicky Sok (1st)
e trauma — hypovolemicky Sok
» pankreatitida (SIRS)
* intoxikace léky
e opakované transfuze
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ARDS (syndrom dechové tisné dospéelych)

 prdbéh
— latentni — pUsobeni vyvolavajici pFiciny
— aléqtnl faze — zaCne jako intersticialni a pokracuje do alveolarniho Exudative phsss R —
edemu
 prinik neutrofild a aktivace, uvolnéni proteaz a oxidaéni stres Oedema :fr‘:g?anes Interstitial inflammation
« destrukce surfaktantu (T povrchové napéti a atelektazy), alveolarnich 1.0 '

epitelii (i Il) a plicniho parenchymu Interstitial fibrosis

* alveolarni edém s vysokym obsahem proteint

* hyalinni membrany (nekrotické epitelie a fibrin) g
» aktivace trombocytll a mikrotrombotizace kapildr g
— proliferativni/hojeni o
* Ustup edému 5 0.9+
* chronicky zanét, aktivace myofibroblast{i, neovaskularizace I5
* re-epitelizace alveol( (typ Il) g
— pozdni =
* difuzni intersticialni fibroza
* event. tvorba cyst
* klinicky zména poddajnosti plic, porucha difuze {
* mUZe vyZadovat dlouhou mechanickou ventilaci 1

Time after injury days

* zavaznost Ize odhadnout dle poméru PaO,/FiO,
— napf. PaO, 60 mmHg pfi dychani 80% O, = 60/0.8 = 75
— normalné > 300, tézky pribéh < 100

==
me



RESPIRACNI INSUFICIENCE 1ako MOZNE VYUSTEN CELE SKALY

PLICNICH NEMOCI A STAVU
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,Kyslikova kaskada“ urcujici fyziologicky PaO,

N V/Q mismatch —
21.2 Humidification causes difference
/ in PO, between
ZOZ—l_ o pulmonary
I . .
19.9 I Alveolar gas equation capillaries ano!
i pulmonary vein
i
— 15— I B
o 13.3; i HUSEN Physiological shunt
N e mmimmues I m———
s A0 T T T T o
8 13.0 i I :
= ! !
10 . | E :
| i a I
o 2 | 5 g
| o | ® a1 c o
R - T - - I
-g [ (o g : = 1 g 2
1.0 < |, F < ;. & ; < =
? """" e e o i e >
Location
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Klasifikace p

(1) Hypoventilace (¥ V',)

r

V4

C

n hypoxemie (4 Pao,)

— Pa0, je nizky kvili nizkému PAO, pfiretenci CO, (viz)

* za predpokladu normalniho atmosférického tlaku a normalni FiO,

(2) Porucha difuze

— (@) nizka koncentrace nebo parcialni tlak kysliku ve inspirovaném

vzduchu
* napr. vysoka nadmorska vyska

— 1 Pa0, pfi 4 PAO, pfi { atmosférickém tlaku a normalnim FiO,

Alveolar Pco, (mm Hg)

* nebo vydychany vzduch v uzavieném prostoru bez cirkulace nebo horeni
— (b) zkraceni doby prichodu krve kapilarou (normalné cca 0.75s)

— (c) ztlusténi alveolo-kapilarni bariéry

« J Pa0, pfi normalnim PAO, a atmosférickém tlaku a FiO,

. tj. T P(A-a)0,
(3) R-L zkrat

25

— J Pa0, pfi normalnim PAQ, a atmosférickém tlaku a FiO,

. tj. T P(A-a)0,

(4) Ventilacné — perfuzni nepomeér
N PaO, s variabilnim PAO, (heterogenita ve ventilaci mezi alveoly)

pFi normalnim atmosférickém tlaku a FiO,

100
80
Vco, = 750 mL/min
60 — (Mild exercise)
Hypoventilation
40 [ SRR, R G SR ., S p—
Hyperventilation
20 7 Vico, = 250 mL/min
(Resting)
0 | T T T
0 5 10 15 20
Alveolar ventilation (L/min)
pCO:
pAQ: = 150 - oY
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Respiracni insuficience (RI)

cilem respirace je udrzet optimalni hodnoty krevnich plyna
prostrednictvim jejich vymény se zevnim okolim

tzn. definitorickym kritériem Rl jsou hodnoty krevnich plynu!
PaO, <60 mmHg a prip. PaCO, 2 50 mmHg
— 'Pa0, (hypoxemie) je konstantni komponenta R
* pokles pod 60 mmHg ma uz efekt na saturaci Hb

— “MPaCo, (hyperkapnie) maze byt soucasti (typicky porucha ventilace a
VA/Q mismatch), ale ¢asto vidime normo- nebo hypokapnii (v disledku
hyperventilace)

% O, Saturation of Hemoglobin

90 |
80 |
70 |

Alve
Total blood O,

O, bound to Hb

60 I Resting physiological range

50 [+

40 -
30 |-
20 -

10 | O, dissolved in plasma

v,

0

P., =28 mmHg

© PhysiologyWeb at www.physiologyweb.com

siikace R

— typ | neboli parcialni neboli hypoxemicka

* Pa0, <10 kPa a normalni nebo {,PaCoO, W 7
. neostatevcna oxygenace kvrve pri poruse d|fgze, zkratu a Tva/Q Hypoxemic Hypercapnic
— napf. porucha perfuze pfi PE nebo dominantni emfyzém (Oxygenation failure) (Ventilatory failure)
— typ 2 neboli globalni neboli ventilacni Paog ;f%gfg"eﬁg on Pagr% >H4i _r]ngwng
« 1 Pa0, <10kPa and PaCO, >6 kPa kil
e porucha mechanické ventilace ¢ * * ¢
— kompenzovana — normalni pH krve Acute Chronic Acute Chronic
» retence bazi a acidifikace moci (minutes | (several (minutes | (several
— dekompensovana — pokles pH krve < 7,36 (respiracni aciddza) to hours) | days or to hours) | days or
longer) longer)
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respiracniho systému — ventilace, difuze i perfuze plic a nebo

Respiracni insuficience

dlvodem RI muze byt porucha jakékoliv z funkci

jejich kombinaci
dynamika

akutni Rl = rychle se rozvinuvsi onemocnéni plic u pred tim
zdravého Cloveka

* infekce, ARDS, , obstrukce dych. cest, hypoventilace, ...
exacerbace resp. progrese do té doby chron. onemocnéni
(,,acute—on—chronic” RI)

chronicka Rl

charakter poruchy vymeény krevnich plynu je u riiznych
nemoci a stavl rozdilny:

A — Cista hypoventilace

* napf. intoxikace/utlum CNS, neuromuskularni, trauma hrudniku,
obstrukce hornich dych. cest, pneumothorax

B-{ VA/Q
* napt. chron. bronchitida, astma

C — intersticialni onemocnéni plic
* fibroza, edém, bronchopneumonie

D — R-L zkrat
* ASD, VSD, PDA

E — efekt oxygenoterapie

PaCO2 (mmHg)
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40
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10
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Kyslik muze byt jak ,perfusion” tak ,, diffsuion” limited

Diffusion-limited Perfusion-limited
; Palv Palv
p Slow Rapid
cap Equilibration Equilibration
ﬂ.'ES a Ii-l:l |:|.|'FE I:I.|]5 D.:jl} I}.ITE
Time in Capillary (sec) Time in Capillary (sec)

za fyziologickych okolnosti je kyslik , perfusion-limited” plyn, tj. po dubu prichodu krve kapilarou se
pfi norm. P,,, kompletné ekvilibruje

patologicky mize byt omezeno napf. zvySenim/zrychlenim plicni perfuze (globalné ¢i regionalné)
— napf. oblast mimo PE, hyperkineticka cirkulace, ...

patologicky mulze byt kyslik i ,,diffusion-limited” plyn, tj. v disledku zmén parametrt difuze
(rozpustnost, plocha, gradient, vlastnosti membrany) nedochazi ke kompletni ekvilibraci

— napt. intersticialni onem. plic, edém ale také extrémni fyzicka zatéz
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Arterial Blood Gas (ABG)

Akutni vs. chronické RI

Type |-Hypoxemic
Respiratory Failure

Type ll-Hypoxemic, Hypercapnic
Respiratory Failure

e
I

i

- Normal-
PO Decreased

v)
1

pO Decreased Decreased
2 (<60 mm Hg) (<60 mm Hg)

Near Normal

Increased

Decreased
(<60 mm Hg)

Decreased
(<60 mm Hg)
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Type |-Hypoxemic Respiratory Failure

Type lI-Hypoxemic, Hypercapnic Respiratory Failure
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Klinicky obraz RI

tachypnoe, dyspnoe, zapojeni pomocnych dychacich sval(;
tachykardie;

poslechovy nélez s oslabenim az vymizenim dychacich Selesty;
cyanoza;

anxiozita, agitovanost, kvantitativni porucha védomi.[1]

Hypoxemie drazdi periferni chemoreceptory, cimz dojde k hyperventilaci. Na podkladé
aktivace sympatiku vznika tachykardie, tachypnoe, uzkost a zvysené poceni. Pri dalsi
progresi hypoxemie se pridavaji neurologické priznaky jako je snizeni mentalniho
vykonu, zmatenost a pripadné obéhova nestabilita (zmény krevniho tlaku a srdecni

frekvence). Pri dalSi progresi selhava i ventilace, coz vede k hyperkapnii s utlumem
CNS.[2]

Hyperkapnie se projevuje zménami védomi (spavost muUze byt vystfiddna neklidem,
tresem a bolesti hlavy). U tézsi hyperkapnie muze byt nitrolebni hypertenze. Pri dalSim
vzestupu pCO2 nastupuje kdma. Centralni cyandza byva zejména u chronickych
pacientl s polycytémii.[2]
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https://www.wikiskripta.eu/w/Respira%C4%8Dn%C3%AD_insuficience#cite_note-Nov.C3.A1k-1
https://www.wikiskripta.eu/w/Respira%C4%8Dn%C3%AD_insuficience#cite_note-.C4.8Ce.C5.A1ka-2
https://www.wikiskripta.eu/w/Respira%C4%8Dn%C3%AD_insuficience#cite_note-.C4.8Ce.C5.A1ka-2

Rl je jednou z 0, co,
pricin

generalizované
hypoxie

Blood marrow

erythropoetin

kidney

Cristae Matrix Inner

Histotoxic hypoxia membrane

Outer
membrane

mitochondria
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Multidimenzionalni klasifikace nemoci plic

* prakticky kazdy stav mUze byt charakterizovdn mnoha
parametry

— je omezena ventilace a jak?

* spirometrie, krevni plyny a dalsi
— obstrukcni (FEV1) vs. restrikcni (FVC, TLC)

— je ovlivnéna vyména plyni a jak?
e analyza krevnich plynd, ABR aj.
— 4 pFiginy hypoxemie (hypoventilace, { difuze, R-L zkrat, VA/Q mismatch)

— prip. jaky typ Rl podle prip. CO, retence
* hypoxemicka (typ 1, parcialni) vs. hyperkapnicka (typ 2, globalni) Rl
— je prip. porucha ABR kompenzované ¢i (tj. akutni nebo
chronickd)?
* respiracni acidoza vs. alkaloza
— jaka je klinicka symptomatologie?
» kasel / dusnost / cyandza / zména frekvence a hloubky dychani




I'M
HAVING
TROUBLE
BREATHING
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