Patofyziologie respiracniho systému Il —
poruchy plicni cirkulace

Plicni cirkulace & perfuze, limitujici faktory
Plicni hypertenze — definice & klasifikace

Plicni embolie %/\/(\ <
&/

Plicni edém




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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Efekt zvySeni CO na kapilarni sit v plicich

* PA se rozdéluje na levou a pravou vétey,
dalsi mensi vétve a arterioly a konecné do
kapilarni sité

— toto je nizko tlakovy systém ktery miize

expandovat 2-3-nasobné béhem zvyseného
pratoku a plicniho kapilarniho tlaku

* normalni PAP u zdravého dospélého ~22-25/8-10
mmHg (mPAP ~15 mmHg)

* normalni SAP u zdravého dospélého ~120/80
mmHg (mSAP ~96 mmHg)

— za klidovych podminek jsou nékteré plicni
kapilary uzavreny resp. neperfundovany

* Plicni cirkulace ma dva mechanismy ke
snizeni PVR za situace zvyseného tlaku pfri
zvyseném prutoku

Recruitment Distention — (1) ,,recruitment” = otevreni doposud
uzavrenych kapilar

— (2) ,,distenze” = rozSireni kapilar

Open vessel

Closed vessel

Normal
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Pri fyzické zatezi se zvysuje CO, coz vyzaduje ,recruitment” a

distenz

Some vessels
are collapsed...

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

...and other
vessels are
open and
conduct blood.

c
|

plicnich kapilar

22 ]

In the first stage of Later during RECRUITMENT,
RECBLHTMENT' even the previously collapsed
previously collapsed vessels now conduct blood.
vessels now become

patent but still do 4 ]
not conduct blood...

All vessels now

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

dilate, causing
resistance to fall.

Further
Increase in increase in
perfusion perfusion
pressure pressure

Meanwhile, DISTENTION
widens vessels that previously
had been open and conducting.
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External respiration

Pulmonary
anery

Systemic
veins

Red blood celis

Pulmonary circuit

Systlemic circult

g TR

Red blood cells

Plicni vs. systémovy obéh

Plicni cirkulace
— Jtlak /4 odpor /T poddajnost
* mensi tlakovy gradient je dostacujici k pfekonani vzdalenosti mezi RV a LA
— paradoxni odpovéd na P,O, (tj. alveolarni hypoxie) — vazokonstrikce
* s cilem optimalizace V,/Q nepoméru, redistribuce krve do Iépe ventilovanych oblasti plic
— nejvétsi pokles tlaku v plicnim kapilarnim recisti
Systémova cirkulace
— Ttlak /T odpor / { poddajnost
* obrovsky tlakovy gradient je nutny k prekonani velké vzddlenosti mezi LV a RA
— odpovéd na 4 PaO2 (tj. hypoxemie) — vazodilatace
* s cilem zvyseni pritoku a dodavky kysliku
— Pokles tlaku mezi zacatkem a koncem ,,malého” a ,velkého” obéhu
* nejvétsi pokles tlaku pred kapildrnim recistém

Systemic circulation Pulmonary circulation
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arteries
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Co determinuje prutok (plicni) cévou — efekt PVR

e Q=AP / R
— Q = pratok (srdecni vydej)
— AP =tlakovy rozdil
— R =resistence

SyR - Mean arterial pressure - mean right atrial pressure

Qs (systemic blood flow)

mean pulmonary artery pressure - mean left atrial pressure

PVR =
Qp (pulmonary blood flow)
Pulmonary vascular P ot arters = PL atrium R = resistance
resistance PYR= '

cardiac m]l‘pu[ Epulm artery

L atrium

Remember: AP=0 xR, so R=AP /0O
R=8nl/nrt

= pressure in pulmona
= pulmonary capillary wi

r =vessel radius

/-———-> Pressure gradient
™ Lower

Higher
pressure

pressure
Flow |

Resistance:
vessel diameter
vessel length
blood viscosity

1 = viscosity of blood; I = vessel length;
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Plicni cirkulace — alveolarni a extra-alveolarni cévy

efekt ventilace na plicni cirkulaci
— pasivni = komprese a zmény distenze vlivem zmén plicnich objem(
— aktivni = efekt alveolarni hypoxie (HPV viz dale)

pasivni efekty
— alveolarni cévy

* kapilary alveolarnich sept
* plsobi na né alveoldrni tlak (ménici se béhem nddechu a vydechu)
— nadechem jsou tedy komprimovany

— extra-alveolarni cévy

* arterie a vény v intersticiu lemujici vétveni dychacich cest
— tvofi tzv. ,bronchovaskularni svazek”

* roztahovany ,radialni trakci” elastickych element( intersticia
— tudiz nddechem jsou otevirany
* misto, kde se inicialné zacina

kumulovat tekutina
pfi plicnim edému

Capillaries

Alveolar space

Bronchovascular
bundle

Alveoli

Alveolar septa

Pulmonary
vein

Pulmonary
artery

X Pulmonary vein
A (to left heart)

Pulmonary
artery (from
right heart)

Bronchial artery
(from left heart,
via aorta)

on alveolar sacs
(cut away in places)



Plicni vaskularni rezistence je minimalni pri 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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Vztah mezi objemem plic a PVR
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Lung volume, L

PVR je hlavni determinantou afterloadu RV

vyznamne roste pri obou extrémech objemu plic

— béhem narlstu z rezidualniho 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 napfimuji) s inflaci plic
u zdravého ¢lovéka tyto protichldné efekty inflace urcuji minimalni
PVR pfi funkéni rezidualni kapacité (FRC)

Vascular resistance

Artery
Capillary

FRC

Lung volume

TLC
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,Starling resistor” — efekt alveolarniho tlaku na prusvit cév
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Efekt ventilace (tlaku) na perfuzi: koncept plicnich zon

Alveolus
Zone |
Capill PA > Pa > Pv
Arteriole — apillary
Zone ll
Pa > PA > Pv

Alveolus

Pulmonary Pulmonary
artery vein
Alveolus
Zone lll
Pa > Pv > PA

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

zOona 1
— u normalni plice (ve vzpfimeném postoji)
prakticky neexistuje
— patologicky se zvétsuje u
* hypotenze/hypovolemie (nap¥. krvaceni)

* mechanicka ventilace plic s pozitivhim
pretlakem

zona 2

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

— patologicky se zveétsuje u
* hypoventilace a dychani s malym DO
zona 3

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

— patologicky se zveétsuje u
* PH a atelektazy
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Plicni hypertenze (mPAP >25 mmHg) — diagnoza

definovana jako abnormalni vzestup krevniho tlaku v plicnici
— nejednd se o onemocnéni (s vyjimkou primarni PAH), ale
hemodynamickou abnormalitu, ktera provazi radu onemocnéni
kritéria PH — tlak v a. pulmonalis
— systolicky tlak > 35 mmHg,
— stredni tlak > 25 mmHg,
— diastolicky tlak > 12 mmHg
inicialni diagndza (nebo screening) echokardiograficky, ale
Doppler odhaduje PAP nepresné u mnoha pacient( a

nemuze byt spolehlivé vyuzit ke kvantifikaci RA, plicniho
venozniho, LA nebo LV tlaku

PAP Ize zmérit pravostrannou srdecni katetrizaci

dalsi dulezité parametry pro PH klasifikaci a stanoveni
prognozy
— right ventricular end-diastolic pressure (RVEDP)

— left ventricular end-diastolic pressure (LVEDP)
* levostranna katetrizace se provadi jen vybérové u indikovanych
pacientu (stanoveni LV a LA tlakd)
— vrozené srdecni vady a strukturdlni srde¢ni onemocnéni

* béZné se za surogat LVEDP povaZuje end-expiratory pulmonary artery
wedge pressure (PAWP)

Table 1: Classification Pulmonary Hypertension

Group 1 Pulmonary Arterial Hypertension
Group 2 PH from left-sided heart disease
Group 3 PH from chronic hypoxic lung disease
Group 4 PH from chronic blood clots

Group 5 Unclear multifactorial mechanisms

(sarcoidosis, hematological disorders, etc)

==
me

O =




Pravostranna srdecni katetrizace

presné stanoveni tlak(l generovanych
jednotlivymi srde€¢nimi dutinami (a cévami)
provadi se katetrem (béZné oznacovany jako
Swan-Ganz katetr) po lokalni anestezii z

femoralniho, jugularniho, brachialniho nebo
subklavialniho Zilniho pristupu

Sysfjistolic
Systolic

I AVAUS S

" M/J M_/J / Diastolic

mm Hag

Diastali
o lasiohc
Right atrial pressura Right ventricular pressure Pulmonary arlery pressure Pulmonary artery
0-8 mm Hg Systolic: 20-30 mm Hg Systolic: 20-30 mm Hg wedge pressure
Diastolic: 0-8 mm Ha Diastolic: 8-15 mm Hg B-12 mm Hg



Plicni hypertenze (mPAP >25 mmHg) — patogeneze

* Zhlediska hemodynamiky rozliSujeme Hemodynamic RrofiCeiaRl
patofyziologické typy PH: Ppa = (PVR) (CO) + Pia

— pre-kapilarni PH
e normalni tlak v zaklinéni

— sk. 1, 3, 4 a nékteré 5 . .
Precapillary Postcapillary
_ _ ilA 4 IPAH, HPAH, PAH in CTD, HIV, LV dysfunction, mitral or aortic
p OSt ka p I | arni P H appetite suppressants, CTEPH, valvular disease, others

e ck.2 etc. !

- hy p e r k I n Et I C ko u P H Ppa= Pulmonary artery pressure Increased ﬂOW
- , v , v PVR=Pulmonary vascular resistance ASD, VSD, PDA, portopulmonary
* nékteré 5 — napf. hypertyredza, srdecni vady O~ Cardiacoutput hypertension, thyrotoxicosis,
Pla=Left atrial pressure anemia, systemic shunts, etc.

(komunikace) aj.

* patogeneticky je PH vysledkem triady

o mPAP 225 mmHg
procesU P
— vazokonstrikce i 1
— remodelace malych plicnich arterii PAWP <15 mmHg PAWP >15 mmHg
. . Cardiac output normal/reduced | | Cardiac output normal/reduced
— mlkrotrom botlza ce Pre-capillary PH Post-capillary PH
1) PAH 2] Left heart disease
3) Pulmonary disease, hypoxia
4) CTEPH MUNI
5) Multifactorial, unclear MED




PH (mPAP >25 mmHg) — etiologicka klasifikace

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 PAH (WHO Group 1)
Including chronic obstructive pulmonary disease, sleep- _
disordered breathing, and interstitial lung disease B PH due to Left Heart Disease
Group 4: Chronic thromboembolic pulmonary hypertension  Yes (WHO Group 2)
Group 5: Multifactorial pulmonary hypertension No PH due to Chronic Lung Disease
Including metabolic, systemic, and hematologic disorders (sickle (WHO Group 3)

cell disease), and others
B CTEPH (WHO Group 4)

HIV = human immunodeficiency virus. PH due to unknown causes

*—Also includes 1" (pulmonary venoocclusive disease andf/or pulmonary capillary (WHO Group 5)
hemangiomatosis) and 1” (persistent pulmonary hypertension of the newborn). B M
isc.

Information from references 3, 4, and 6.
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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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Sk. 1: plicni arterialni hypertenze (PAH)

mPAP > 25 mmHg, PAWP < 15 mmHg (tj. pre-kapilarni) a PVR > 3
Wood Units

Nitric Oxide Pathway Prostacyclin Pathway
typy PAH

Endothelin Pathway

— idiopaticka (iPAH) predstahuje vétsinu pripadu v této skupiné

. .y vevs v v , v , . , v P L Arachidonic__ Prosta- Pre-proendothelin-1
* iPAH je CastéjsSi u Zen stfedniho véku, ma rodinnou anamnézu a v nékterych ENDOTHELAL | 2E"Ne cutrullme Acid glandins
pfipadech (hereditarni iPAH) i prokazatelné genetické varianty = napft. bone Eiis S80S
morphogenetic protein receptor type 2 (BMPRII) mutatace v
, . NO PGI, (Prostacyclin) Big-endothelin-1
— sekundarnéu

* nemoci pojiva (connective tissue diseases, CTD)

* vrozené srdecni vady vedouci k L-R zkratu a hyperkinetické plicni cirkulaci
— viz Eisenmenger(iv syndrom

* |éky, toxiny, HIV, schistosomiasis, portdlni hypertenze, ...

Epoprostenol
Treprostinil
lloprost

Macitentan
Bosentan

pre-kapilarni arterioly jsou postizeny angioproliferativni vaskulopatf
ktera zvySuje PVR a tedy zvysSuje RV afterload — vysledkem je
pravostranné srd. selhani (dominantni pfi¢ina mortality)

.
Gy
- ¢ mal 1P

%x

Endothelin-1

A

AC
CAMP «——ATP
management PAH pokrodil recentné velmi vyrazné diky hlubSimu  guoom
pochopeni patofyziologie a cili zejm. na 3 kliCcové signalni drahy = musceceus s6C
— oxid dusnaty (nitric oxide, NO) SIE s ce
* phosphodiesterase 5 inhibitory (PDE-5i) PDE-5
+ guanylate cyclase (GC) stimulatory —/ m’f,ﬁ.',:;",,‘g.’:;,“,‘,,o,, S
— prostacyclin (PGl,) - thromboxane A, (TXA,) s *Qp\ g
* prostacyclin analoga a receptor agonisté o

— endothelin-1 (ET-1)

* endothelin receptor antagonisté (ERAs) dostupné jako ET, selektivni nebo dudlni
smérujici na ET, a ETg receptory
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Eisenmengeriv syndrom

* PAH se u pacientl s vrozenou srd. vadou
vyviji jako duisledek zvyseného plicniho
prutoku pri existenci levo-pravého zkratu

— jednoduché vady
 atridlni septalni defekt (ASD)
* ventrikularni septalni defekt (VSD)
e patent ductus arteriosus
— komplexni vady puimonary
« kompletni atrioventrikuldrni septdlni defekt (AVSD) "

 truncus arteriosus
e jednokomorové srdce Right

atrium
Left

* transpozice velkych arterii \ / i 1} venticle

* Eisenmengerlv syndrom je pozdnim
disledkem kvuli obraceni tlakového
gradinetu a z inicialniho L-R zkratu v R-L
(pulmonalné-systémovy) vlivem
remodelace plicni vaskulatury

Wall thickens
toward lungs

Ventricular
septal defect
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Sk. 2: PH pri onemocneéni levého srdce

Symptoms and Clinical

presentations

» Exertional dysnoea and exercise intolerance

 Elderly female (>60 years)

* Present with multiple comorbiditied
(eg. obesity, diabetes mellitus,
hypertension, renal dysfunction,
coronary artery disease, and
atrial fibrilation)

Chest X-ray

* Pleural effusions

* Pulmonary oedema
* Pulmonary congestion|

Blood test

* BMP > 35pg/ml and/or

NT-proBN

P > 125pg/ml

Echocardiography

e LA/RA enl

argement

* LV/RV hypertrophy
e LV diastolic dysfunction

* Preserved LV systolic function
(eg. LVEF >50%, LVEDV < 97ml/m?)

Right heart
catherterization

mPAP PAWP
At rest > 25mmHg > 15mmHg
During exercise* > 30mmHg = 25mmHg

Pre-capillary component

Absence

DPG
PVR

IcPH
< 7mmHg
< 3 Wood units

> 3 Wood units

MPAP > 25 mmHg, PAWP > 15 mmHg (tj.
post-kapilarni) a PVR normalni (< 3 Wood

— dospéla populace
* systolické nebo diastolické SS (HFpEF nebo HFrEF)

— ICHS, dekomp. SAH, kardiomyopatie, myokarditidy;,
obezita, diabetes, ...
» obr. plicni cévni komplikace u HFpEF

e chlopennivady
— stendzy nebo regurgitace
— pediatricka populace

e anatomicky definované levostranné obstrukce v
obéhu

— napf. chlopenni (aortalni) stendza, koarktace aorty

The Journal of Physiology, Volume: 597, Issue: 4, Pages: 1143-1156, First published: 13 December 2018, DOI: (10.1113/JP275858)

The Journal of

Physiology

* obstrukéni hypertroficka kardiomyopatie
e jiné
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Progrese onemocneéni levého srdce do kongestivniho SS

« TBackward pulmonary veins pressure

* Alveolar-capillary stress failure

* Pathological changes in
pulmonary veins and

arteries
« TPVR
* TPA pressure
&

Pulmonary
hypertension

Sl

» TRV afterload

* RV remodelling
and dysfunction

* RV failure

* TLA pressure
* LA compliance

Among people >65 years presenting to
primary care with exertional dyspnoea,
1 in 6 will have HF (mainly HFpEF)

Worldwide (2012)

26 million
patients
with HF

USA

(::> USA (2014)

A 6.5 million
¢ Diastolic . - patients
dysfunction ’ with HF
- TLveop HFpEF:~3.25M

PH-HFpEF:~1.6M

Increased
Cardiac morbidity
and mortality

Patients with PH-HFpEF develop more severe
symptoms than those with HFpEF and suffer
significant exercise intolerance, frequent
hospitalizations, RV failure, and reduced survival

The Journal of

Physiology

The Journal of Physiology, Volume: 597, Issue: 4, Pages: 1143-1156, First published: 13 December 2018, DOI: (10.1113/JP275858)
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Plicni kongesce muze vést plicnimu edému

<X Blood flow

=>> Backward pressure in HFpEF

; Pre-capillary
>
A PA >

Post-capillary |
B A

| |
| { LV E { LA £ i PV S3 Capillary £ RV
N ez i

¢ Abnormal active

IpcPH-HFpEF

>+ | » Alveolar-capillary

stress failure

\ >

relaxation CpcPH-HFpEF
e Increased passive }
stiffness

¢ \Vasoconstriction

¢ VVenous intimal
¢ Smooth muscle
proliferation

» Capillary remodelling
| « Alveolar wall thickening | ¢ Increased PVR

* Remodelling of small
pulmonary arteries

Remodelling of PV and PA
No PH

IpcPH-HFpEF Alveolar
epithelium

Type | cell
Type Il cell

Interstitial

CpcPH-HFpEF

The Journal of

Physiology

Red blood cell

\IpcPH-HFpEF, CpcPH-HFpEF

\ $
ENaC\| _:“ / t/\hli\éizlr?irn \gall
L\\l'?l/;;se - ﬂU Myofibroblast

space ﬁ Nat
(e

Capil

endothelium \

’

Fibrosis and ECM
deposition

S
Increased fluid filtration and capillary permeability

The Journal of Physiology, Volume: 597, Issue: 4, Pages: 1143-1156, First published: 13 December 2018, DOI: (10.1113/JP275858)
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PLICNI EDEM




Rovnovaha tekutin v plicich

PULMONARY CAPILLARY FLUID BALANCE * co urcuje distribuci tekutin v plicnim

Tinterstial parenchymu?

— (1) hydrostaticky tlak
 favorizuje filtraci v plicich, protoze je pozitivni

F)interstitial

Hydrost:eb
Oncotic

?pproximat? fluié Yolume in the Iur.19 FOtI tlaku Vv InterStICIU
BIOOd | t tt | capillaries interstitial alveoli
Vesiel ”Sirjc'e'a -esm | <Swm | -mm | koticky tlak (zejm. albumin)
X — '”'ers""a; s ribuje filtraci, protoze je velmi nizky v
Arterial I:,intravascular nintravascul'ét ersticiu .
end \(W/ NS rmeabilita
-IIE’) e rmeabilita kapilarni vrstvy >>> alveolarni
S = VY
------- — rozdilna mezibunécna spojeni
\ e Castecné propustné pro albumin
* vysledkem je maly tlakovy gradient do
\ intersticia, ale ne do alveolu!!!
Lymphatic — odtud je drenovana lymphatickymi cévami
flow * u plic velmi dllezity mechanizmus mu

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



Plicni lymfaticky systém

lymfatika zacinaji v intersticialnim prostoru mezi
alveoly a kapilarami a postupné drénuji do hrudnich
mizovodu

— po cesté mnoho skupin lymfatickych uzlin (5 anatomicky
definovanych skupin):

e paratrachealni, superior tacheobronchialni, subcarinalni,
bronchopulmonarni a pulmonarni

Paratracheal nodes

Bronchopulmonary
nodes

& Deep

Superficial lymph vessels

Inferior
tracheobronchial
nodes

Pretracheal

nodes

Superior
tracheobronchial

lymph

vessels
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Alveolarni ochrana proti edému — rovnovaha tekutin

H20 Na* Na*

Apical
AQPs CFTR
J 2K*
Basal 3Na’

Na*, K*-ATPase
AT | cell

Na*n Na* Cl

Cl
|

HSC

NSC CLC CFTR CNG

K" g oF

! lHI
Na*, K*-ATPase

AT Il cell

9
Clara cell — ) .
Distal airway Na*, K*, CI
0 s Apical o
Lo 0 membrane
'
(&}
— AT Il cell
Basolateral
Alveolus 0 memBIEnS
Paracelluler
transport

{\

7“— Interstitium

"

AT ll cell
Q
.
~N
/ﬁ/

: s _ Capiliary
o ~a——

\:\\\\b T ~"'/”j Red blood cell
\?\\ - _— p” -

v alveolu samozrejmé mala vrstva tekutiny je
(viz efekt na povrchové napéti a potreba
surfaktantu), nicméné jeji mnozstvi je prisné
kontrolovano aktivitou

— alveoldrni epitelie aktivné ,pumpuji tekutinu®
ven
¢ Na/K ATPasa
* aquaporiny
* CFTR

detaily viz obrazek

— The alveolar epithelium is composed of
squamous Alveolar Type | (AT |) and cuboidal
Alveolar Type Il (AT I) cells

— Both AT I and AT Il cells contain amiloride-
sensitive epithelial Na channels as well as
Na+/K+-ATPase which are involved in alveolar
transepithelial sodium transport

— In addition, AT | cells have aquaporin 5, which
contributes to either water or gas exchange

— AT ll cells have the Cystic Fibrosis
Transmembrane conductance Regulator
(CFTR) and Chlorine (Cl-) channels, which
mediate apical Cl- transport

— The tight junctions (a chain in grey between
Alveolar Epithelial Cells (AECs)) and adherens
junctions (in red between AECs) between
adjacent alveolar epithelial cells provide a
physical barrier from paracellular solute
transport

MUNI
MED



Alveolar fluid clearance — dulezité taky u novorozence

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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Patofyziologie plicniho edému

definice: abnormalni akumulace tekutiny v
extravaskularnim prostoru plic

plicni edém vede k poruse vymény plyn
— | difuze (ztlugténi dizuzni drahy)

— v kombinaci s se zménou plicni poddajnosti —
restrikéni ventilacni porucha

— stimulace plicnich receptort — kasel (suchy nebo vihky)
dusnost pri zméné poddajnosti a vétsi dech. praci
(1) kardiogenni — zvySen hydrostaticky tlak
— nasledek dekompenzace onemocnéni L srdce a nasl. plicni
hypertenze

* LVHF, nekomp. SAH, mitrdIni (aortalni) stendza, ...

* typicky precipitovano hypervolémii (infuze, transfuze, ak. selhani
ledvin), vzestupem tlaku (hypertenzni emergence), myokardialnin
infarktem, akutni chlopenni vadou, tachyarytmii aj.

(2) ne-kardiogenni — zvySena permeabilita nebo snizen
onkoticky tlak
— nasledek poskozeni alveol(l nebo kapilar (zevnimi faktory)

* inhalace toxickych substanci nebo aspirace

* infekce

* trauma hrudniku

— systémové faktory (interni)
* sepse
* nizky onkoticky tlak (jatra, ledviny)

intrinsické

Increased lymphatic drainage -,

Cardiogenic pulmonary edema Noncardiogenic pulmonary edema

=== Increased lymphatic drainage

Peribronchovascular

\ edema fluid

. Fluid-filled
interstitium

Peribronchovascular
edema fluid

Fluid-filled —__ / |

interstitium

L ay

ST

T of r-* N
 INa* rac‘.l‘sp::d H20| N{cm ﬁh '
\ Y xyé drves removal of | '. = f /
‘ alveolar edema mm 14
A ﬁ\r o meroase tm-m¢ /

| o Alveolar | Pemmeability 3’*
\ ", flooding by | nuw mu
A bukflow | ‘ba

Intact :
endothelial -

barrier DlSl’Upted
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
‘3 bronchial epithelium
Inactivated
Surfactant
s / 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 zaludec¢niho obsahu (2nd)
* pneumonie
* inhalaéni 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
* opakované transfuze
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ARDS (syndrom dechové tisné dospéelych)

pribéh
— latentni — pUsobeni vyvolavajici pFiciny
— akutni faze — zacne jako intersticialni a pokracuje do alveolarniho

edemu Exudative phase Proliferative phase
* prlnik neutrofil(l a aktivace, uvolnéni proteaz a oxidacni stres Hyal ntersbfia] inf "
« destrukce surfaktantu (T povrchové napéti a atelektazy), alveolarnich Oedema ya 'Be nierstitial Intathmatien
epitelii (1'i ) a plicniho parenchymu 1.0 WISHEENos

* alveolarni edém s vysokym obsahem proteint
* hyalinni membrany (nekrotické epitelie a fibrin)

Interstitial fibrosis

* aktivace trombocytl a mikrotrombotizace kapilar =
— proliferativni/hojeni =
e Ustup edému ]
 chronicky zanét, aktivace myofibroblast(i, neovaskularizace E 0.5
* re-epitelizace alveoll (typ Il) CC)
1 2
— pozdni =
« difuzni intersticidlni fibréza L‘LE
* event. tvorba cyst
* klinicky zména poddajnosti plic, porucha difuze
* muZe vyZadovat dlouhou mechanickou ventilaci / )
/7 v v . J l
zavaznost Ize odhadnout dle poméru PaO,/FiO, 1 — 1 T A l l |
1 2 3 4 5 6 7 10 12 14 16

— napf. PaO, 60 mmHg pfi dychani 80% O, = 60/0.8 = 75

Sy vl s el Time after injury days
— normalné > 300, tézky prubéh < 100



Sk. 3: PH u respiracnich chorob a nebo pri hypoxémii

Normoxia Non-reversible
primarni onemocnéni je v plicich
typicky jde o pre-kapilarni hypertenzi | @ ® o
— tlak v zaklinéni je normalni
etiologie P tma m
— CHOPN e e s
— intersticiadlni fibréza e ok Wiscls Col :

@ cEnythrocyte

Acute Hypoxia ChronicHypoxia

PH

HIF-a

High
TORC1
activity

smisené syndromy
chronicka hypoxemie

e syndrom obstrukcni spankové apnoe
* jiné alveolarni hypoventilace (centrdini apnoické
syndromy apod.)
chronicka expozice vysoké nad. vysce

mechanismus (,,thin air = thick vessels”)

— akutni hypoxie vede k vasokonstrikci v
dUsledku poruchy redoxniho stavu, NO
signalizace a uvolnéni vasoaktivnich mediatoru

— postupné dochazi k remodelaci cév (za
podminek trvajici hypoxie) vlivem HIF-2
dependentnich procesu

Xia
s Normo o

g By g F‘_—';_’:{“-.‘."

v RS - ON),
LI T \"“tu:,\ = Hy, Xia
EESNEEEENG e
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' Endorraial rresencyral

L7 AL 0N

==

ma

O =



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

mechanismy

— 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)-2a, coz vede k cévni remodelaci a plicni hypertenzi (PH)
nasledkem vyseni 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 ¢ \&%

Pulmonary depolarization ‘-‘\_\'\

= 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 u S 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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Primarni role HPV v neventilovanych fetalnich plicich je divertovat krev
do systémoveé cirkulace

Superior Left atrium , v .
v iy e prenatdlné in utero
Ductus arteriosus — prutok krve plicemi tvofi pouze cca 15%
i srdecniho vydeje
e ” « vétsina CO obchazi plice komunikacemi (foramen
vena cava — ovale a ductus arteriosus) protoze plice ma diky
Foramen ovale % HPV velmi vysokou PVR
Right atrium Left atrium ° pﬁ porodu
Left ventricle v , , , v ,
Right ventridle — béhem kratké doby (2. doba porodni) prestava
i ooy S placenta zasobovat dité kyslikem
Umbilca vein e yena cava — plice se inflatuji a dosahuji stabilniho objemu
7
Portal vein * udonoSeného novorozence s dostatkem
surfaktantu)
S — plicni cirkulace se zprichodnuje (klesa PVR)

zvysenim alveolarniho P,O, inhibujici HPV a
dochazi k vazodilataci
* nasleduje uzavreni komunikaci (f.o. a d.a.)

— resorpce tekutiny z alveol(
* role pneumocytl viz drive

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved
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Sk. 4: Chronicka tromboembolicka PH (CTEPH)

e stav, kdy po plicni embolii nedojde k dostatecné
rekanalizaci trombu
* tlak v zaklinéni je normalni, ale muze byt pfi pfitomnosti
trombU obtizné jej katetrizacné méfrit
— naopak dochazi k organizaci trombu (ve sténé),

fibrotizaci, trvalému prichyceni ke sténé arterii a
moznému naslednému narlstani

Acute embolus lodged i * divod
cute embolus lodged in L. ., .
left pulmonary artery — ??ani pri adekvatni terapii

* cca2-4 % pacientd po probéhlé plicni embolii

— bud'je PE jednorazova nebo k ni dochazi opakované (tzv.
sukcesivni)

— ~50% CTEPH pacient( si vibec nevybavuje specifickou
epizodu trombdzy

* typicky hlubokou Zilni trombdzu
* jetudiz nezbytné vyloucit CTEPH u kazdého
pacienta s plicni hypertenzi, protoze je to
potencialné kurabilni pricina
— echo, CT plic, perfuzni (V/Q) scan, plicni angiogram
* |écba CETPH je dominantné invazivni
— plicni tromboendarterektomie (PTE)
— perkutanni baldnkova angioplastika

e dozZivotni antikoagulace

Chronic embolus lodged
in left pulmonary artery
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Plicni embolie jako nasledek hluboké zil. trombozy

zpomaleny
prutok
krve

Virchowova triada trombofilie >
typicka mista trombotizace (v poradi frekvence):

— lytko, poplitea, femoralni v., pelvické vv., portalni v.,  meerkoaguiseni

stav

hepaticka v. (Budd-Chiari sy), renalni véna u
nefrotického sy, Zilni katetry

typicka mista embolizace —tj. PE prip. paradoxni:

— femordlni v. (a pak dalsi nad kolenem)
dg. zilni duplex US + D-dimery (= aktivni
fibrinolyza) ,
pozor: superficialni tromboflebitda muze |
koexistovat s DVT!
zavaznost PE

— masivni — akutni cor pulmonale a prip. umrti %

* sedlovita PE N

— stfedni — porucha VA/Q (mrtvy prostor), pretizeni
RV

— drobnd — Casto bez priznaku

‘ Thrombus
Venous

valve

cévnli
podkozeni

/~Femoral

vein

Superior Pulmonary
vena cava artery

Inferior
vena cava
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