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Abstrakt

Konvewm2§ plicn2 ventilace zajigSuje vIim
sel hgn2 vyugditehmacpSetd aktu®mi s2azddmdhNDeddmkb v
pomlhTFudn2ku pSi konven¥jnédmmthll i®dlod i cin®h dvcel
cykudoch&ZdZnlamn®mu ov$Sowin® a2 obdmtui | al n2 str
respmrsall h&8nARDS (Acute Respimatory Distress Syndrom) jsou techniky
recruit mgRM), maeh®v® sep ptougrr@mag dudgnhNDn2 zkol a
| §st2 pteooahpmu.paBNhem tBovAtzoma®RMD SEY §pgcu ¢
vdT chac2chmegeltt&rcih,se tpoeld i vi2v $ SeMhakov ®
tenmT glimitovatpr Tt ok pl izmn$e| kggpDm&anvi znamni m z
hemodynamiku pacieat

C2 | e m byorviiocat optima | i z@wnami§l n2 mpodeVv n&AtRDSV I i v
hemodynamikyp S i apl i kwd cihe cjreudintonielnatv y miy ®@Swmou T al| n 2
biomechanick model interakce ventilacekar e v Mg sd e d niliSfiteg n 2 )
datyz 2 s kigprSli proveden?2 jednotlivhAohm8ypI mRModgdE
ARDS.

Visledkperzi ment 8§l n2 ho sainmur8dm?2 hma mbide ine c
model u ukazuj2, ge hemodynami ck ynflatiemjkdy§ va gnn
vysokT pSetl ak pl meng 8% ev TperhTotzo2kh ok rsvteavu. Po
hemog nami ckT dopad m8§ techni kreen®6% ovdlc,h ok t?2 ro§
stavu.

VKl inick® praxi p®RMJy¥yy&mg ui eactirenuldoepekies ¥ u
prTtok% wlacd@z2ho stavu, pokud je zachov§n
1: 2. Pokud se zkr8t2z relaxaln?2 | asnalrlod! ou¢
vede to kpoklesuna5% vIichoz2ho stavu.

SchoddRMiptriov § dMBRTifialm§, pSes vysok® poug?2vand
sn2gen?: i nici 8 ¥,2chood pjreft b&modinyanami cky m®nkr
skokmv®vIgen2 -BMhem PCV

Kl v|§8o st evraui t meARDS- aatenr&piraty distress sydrompr ot ekt i v n?
ventilaln? strategie, anim8ln2 model
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Abstir act

Conventional mechanicakentilation provides gas exchange in conditions of respiratory
failure by applicationpositive airway pressure in the respiratory system. Due to the
significant ciange in pressure conditions inside the thorax during conventional artificial
ventilation the circulation can be significantly affectdRecruitment maneuver (RM)
techniquescan bea part of ventilation strategy ipatients with theAcute Respiratory
Distress Syndrome (ARDS)that are used to reaerate collapsed parts of the lung
parenchyma. During these RMs a significantly higher airway pressure is used than in
protective ventilabn strategy, which can limit the flow through the lung capillary network

andcan significantly affect theystemichemodynamics of the patient.

The aim of this work was to develop an op#ed animation model of ARDS, then to
compare the influence thhas the application of different types of recruitment maneuvers
on hemodyniics and to create a biomechanical simulation model of interaction and blood
circulation and its verification with data obtained during the implementation of different

types of RMin the experimental anim&RDS model.

Results from the experimental aml model and simulationgperformed on the
biomechanical model show that hemodynamically the most serious impact has Sustain
Inflation RM technique, where high overpressure lirhbitod flowthroughthe lunggo 5%
of baselinePVtool RM techniquéhas a snilar harmfulhaemodynamic impaethere blood
flow reaches onlg % of baselinevalues.

After the onset of selfegulation PCV-RM technique shows a decrease blood flow to 57
% of baselinevalug as long as the inspiratidrexpiration time ratio isnaintained 12 The
shortening of relaxation time y prolosigpn ofthe inspiratory timéy thechang ofl:E ratio
to 1:1 resultsn a decreasblood flowto 53% of the baseline

The staircase RM performed at the ART trial has, despite the high pressedesaus
simulated reduction of the initial blood flow rate to %3 which is hemodynamically less
harmful contrary to the oneegt increase during PGRM.

Key worlds: recruitment maneuver, ARDSacute respiratory distress syndrome, protective
ventilationstrategies, animal model
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C21 pr8ce

1) Vyvinout optindli z o vaanniTmg§ 1 n2 model ARDS a srovnat ¢
dopadi ednot | iRWM mha tzyag B gen2 obRhu bRhem umnhl ®
2)Vy t v osSiem?| &l ke ¢ h anodelo it@dkee vdilaceak r e vanB Blou  a
jehoema N$ nafalytzd skkeafn¥ i proveden?2 jednotliv
experiment 8l nzZm ani m8Il n2m model u ARDS

Metody:Ani m81 n2 mbpmreds eARDEMSE c 2, kter®mu se opa
vytvoS2 prim8eh? noRgbh@OEBREEHOM NE&s!| edn§ g
variant RM1 Sustainedn f | at i on r e c rPPi(PeaklespiitorysPressyrd) nak a c 2

45cmHOnassekund, PVt ool met oda PRP4pamsHOwmp nl m n
recruitment?2 mamo®uvr P @ ConpdMertigton r 8 na PEERV en2z m
(Positive End Expiration Pressume 5 cm HO aPIP na 40cm HO.He mody na mi ¢ k T
dopad by mRI blt hodnocemrVvtlokdunocen2 m var.i
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1Dbvod

Syndrom dakuwtlm2 rtRegmpl r(aAtcaurtye Di stress Syndro

stav, kterl se vyskytuje u &mpbsichegnhmmatn
kapil 8rnz membr8ny plic, ktepl® oam82 nz ap anr8esnl cer
kolaps alveb T, k oimplicie® rhzoa cp ar a n atkyrmun 2 respiraln?z S
hypox®mi 2. PSes viznamnl pokrok v ch8&8pg&§n2 |

st 8l e vysokd4b %nkotretra8l ijtes j38dnou z hl avnz2ch
nemocnl cth] pnaac ijeerd n bt k 8 Eb (R@&lere2012, Bellani 2016).

Nastavenz a veden tak abyndylbli@itopvl S8idhan g 2 v @rotgikloa @ e 2
nevhodnoui Vi f\entilatardriducedLung Injury) se nazlven konce
protekntiivin@&l mnv2e str at egi ezv. ARMAetnal (Brgwer2000) pub |
bNgnou soul 8st?2 vent iAIRDISn?2 Kotnrcatpe giper ou epac
strategi epouych8z2nizzg2ch d e cphroevdlickho v ah ®e mTN
hmotnostisttk t N2 m omezen2m vrchol ov] cihH® | a kulg ibtfPhne
Vygg? chendespdinroat] n 2 hloprepeScnt§lsd kewl n ®ho pogkozen?

plicn?2 TWVeaektol aetilen8 protektivn? venheél ace
mortality (z 39,8 % na 31%, p 0.00d u p a c IARDStsiidexem pa@FiO, < 300.
(Brower 2000Briel 201Q. Tat o protektivn2 ventilaln?2 str.

p®l e umhDI ® PDoshZBlvemdtlisl)ace

Jednou Mo gnost 2 protektk®n 2 laGperpl@@dcricappjue hjod t
z8kl adn? p r Ladhmainrg y goeevi®82a(llachmann 199Paitsma 2008

Kol aps a nevzdugnost pl iwnk ot ipregpgenmdc dayvmTi8 t p
apl ipk@decrhodnD zviddem@ké bhl Rlesp®echodn® apli
tl akTcni@) 6ed bNDgnND po wd %k § rnventildcd (god3@ne n 2

H-O, dle ARMA t ri al ) mTgeme provzdugni't do t® d
parenchymu. Too opRtovn® provzdugn@Anz use nazhwng ku
recr ui t méRM(Reo@itmew Mineuve).

Pougit2 RMARDPamE emndhe kontroverz2 a nen?
ventil alnpomlltedu egéean &2 ng ¢ BBVa(@elenteBased
Bedicib,e)a dosud ¢g8dn8 velk8 studie nepotvrdil.
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SARDS (Kacmarek2 0 1 6 , Hodgson 2016) nebo Witmg pak m
Group for ART trial, 2017)

Zkl inick@apphxes§, ¢Jge | as aFowad esnp?r SRM SmTagpd i zk
kritick® resppoailde#pad| maE nrho ralARDSitt u paci ent

PSi hledg&n2 optim8ln2ho zpTsobu proveeden?
zvr8cen?2 kritick ®hoo vrzeawumlntiEpgRchyna szll en@dBqmen 2 n
oxXxygenaceZ8psaacdineentjTe al e i ovlivnBDn2 obNRhu p
bNDhem prov§gdhNDn? RM. C2l em t ®tRoM dm8s edd jarh@1r?
negativn2 dopadRDSa obDh pacientT s
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2 . Fyziologie a patofyziologie ventil
Hl avn2 funkc2 plic je vimhDna kyslednoS8asexb
z8kl adn2 wvitsg8§ln2 funkci, jej2gmnsBanae vede

nNng§sl edn® smmtmet @Bl ikd mu ojveismpuadoditeda 2350 mlk § n 2 m

O;a odv®st 2kaDPd ond KngiSje2tgls.adn2 pro aerobn?2 met
mnogsavvoOr@ani zmu stal?2 na pokryt plpactzSeb jE
ccad50ml Q5% alved 8r n2 h o «rvi é65080Gmlawvt k\8 rca 259 ml,

cel kem tedy v pr Tnddrow pw o éa0@nOcodraty alnhi [zimui t T

produktem metabolizmu a je dobSrapraozpustnl,
mTge bit t®mMNSBi m&adyi ¢tpAFieTrcyhdEmI2Tm)h izmNn&ch

(Kittnar 2011).

2.1 DT chanl?2gewset fajnk| nND rozdNlit na respira
pl ymJedsjtalvwg @l §r n2 duknadTa hmici2c rc2e sd lyy, e kitye r
pSedevg2m dijstcrhi lcwell k2o vd 2 9.b lidelska fespiracdd & hlax G ml
cestypSedstavuj?2 anatomickl mrtv] pr(&tnaror, Kkt
2011).

Dichac?2 cesty | ze rozdBl it hbaohbdardd@s mprzay
(infraglotick®): nthaochga, Hb a o ncthhayc 2 & thrbkcaeesni
udr gen?2 -wentfiulzanl2rh pomPDru (tedy distribuce
D8l e ohS8§8§t2 vdechovan®hojehduehuhhaneDl €$no
paramitak,aby nedoch8zel o k viyisycaS8aPveaolpo.gkbDTEles
dichac2ch cestmpprit®y bDohkaeng to jak mecha
epitelu a transpdmt hhkenexsmbDeam2 ol §mhatic
slizniciivper i bronchi &z niKitharaod®.nT c h

Respiral n? z-na zahrnuje respiraln? broncl
kted ckhhagd§ pl2ce obsahuj e ec cza§ k3 0a0d nmi |fiuonnkTl.n 2A
pro vpmpPnd mezi vzduchem a akrr.v2Jeahom§ rtTynmplirc k
em. StNDnu al ve&dIgk ntewd S2 ldl8d<nt2i wk st el ka, Kkt o
II. typu. Pneumocytyll. typu syntetizy 2 surfaktant, kterl sni (
alveol 8rn2 sthRDny. Al wgcdlcy duRkhyuj 2t zrvav maldgv e
viz. Obr. 2.1a Obr 4.3.
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C®vn?2 z8soben2? respiraln2kten® p8&SjvgEénj2 e
krevzpr av® komoriyrgkr delnts icCR¥). Tepny plicn?2h
ag na plicn2 kapily8rkde ki etr ®g ®ibjeB&iliiad Ralw v e
gravitace nen?2 ipsrtTrtiobku okvr8ne rpd vineogimidrcnédd: ] eu msdj
pr Tt okolklravset iv b az 2 pplki8d na& crhe jYasiec2c hv hor n2 ch

pacientavs upi nn2 pol oze (na z8dech) je i1 dentick?
a doltrmn8l dd | 8§st (Kittnar2Gl).e prokr vens§
Bronchi 8l n2 strom m§ sv® vlastn?2 nutri]|n?

Toto Seligth gneé cdrednidthkwwsimay hd o8 I pmlzich kapi |l §r n?2
buRKky broncn?i §lkiysd B k,t KPSi spgvB k r ofnycii &l c
nevl zn aameri®neun o z ghéntmpoklesu saturacgittnar 2011).

krevni pratok
pneumocyt |. typu

. bazalni membrana
krevni plasma L -
) \ alveolarnich bunék
_ / surfaktant
‘ 2,

pneumocyt Il. typu

erytrocyt

‘f‘

&

iR

|
endotel : \‘;
%

bazalni membréana /\\
endotelidlnich bunék

alveolo-kapilarni membrana

.

Obr 8§z eAl v2e.0ll us

Alveolusi z 8§kl adn2 fupkdén®T nBodmopkanT mweypi vkyhtvedme v ia Kkr
(prTmNr je )Std@al2vogeotlefoez | asti ckimi vl &8kwomy &tepbtuel iv®ls
pneumocyty I. a Il. typu. Pneumocyllytypus y nt et i zuj 2 surfaktant, kterT sni
st Dny

2228kl adn? mechanismy respirace

Z8kl adn?2 mi mec lsaunentdaceydifuzeeseh e 1 acemfuz ha | mddmipr
a transport dlichac2ch plynT krvz2,
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MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

2.2.1 Ventilace

Ventilacej e v ipmiymelzi dTchac2m Y%stroj2m almevnzm
tl aky mezi vnhNjg2m prost $edsh.= Kytamad $ ft &t 6 w n
ventilac?2 objewymi2rdirc hw,plkite2rdh jza jednot ku

minutu (Kitthar 2011).

Mi nut ov 8 jvee ndt8inlaacseou| i memr dte glreadn® tflri evk®heo d e

objemu:
MVM / min) = Vt (ml) x RR (polet/n
MV-Mi nut ov § v e nVtivolame tdal{dnel c¢/hmivnl) obj em
RR (respiratoryrate;-d ec hov§ frekvence
Al veol 8§rn2 mi pSede§avenpei maoetovou ventilac

di chac2 ho nawvatahemj 2 a j e d§

Al veol 8rn2 minutovg8 ventil aicoebj(enm /mmitnv)® h=o

prostoru)xd echovs§ frekvence

2.2.2Difuze

PSestup kysl2ku a oxidu wuhlilit®ho mezi 8
me mbr 8§nuprcoesstt® yd.i f wagerza8kil eandtDu par ci 8l n2ch t|
di fuze (velikost difunduj2c2ho objdeiniuuzml?2y n
plochy (fyziologicky kolem80% a na prostupnosti alveol oka
plyn (t Zw.efdicfiweann2 plynu) . Di fuzn? -2dre8rh.a z
Gradient pro @ mezi alveoly andgys | i | enou krv2cecndpSht Bhpj b ¢
dostatelnhD velkhvnal veol eably sepltil@ak2 «Oh kap
Gradien CO2me z i giln2 krv2 a alveoly jnme§ sviycgeg?2v I
rozpustnost a v y20xree od i kf yuszbn22k |kioded fi dchio ekmetlpg | k8 r
vyrovngn2 jehoPp&wudi §len2zah ftylzdaloT .o gaswcnal ch p
rozpugtiDn2z a ustawemZzanmMm dvmpbyBeynmgikrsezparc
dichac2ch plynphvateriphaicioShan® kI gdov@a konc
parci 81 navwvau vtelodk8r n®@ m vzduehpaa ca Bavik@ig it ¢ kak
roven par ci gvan 2vneuo |t8lrankKittmaG2011).u ¢ h u

11



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

2.2.3Transport Oz a COz v krvi

Prot ransport dostgtseolun @lea brgrt cn@®shewogjobi® oktye ryT a
zvyguje transpma200mf/l.(Ba@ackit wi pr oV® vl ast n?

O2iCOrozpougt?2 rel atnd vmdb areil ank T a8l @abkdyez2an e k 1
cca2% vegkev®koviO). (BB jplaoC\WOer t oa&ntan na H
disociuje na H + HCOs) at ransportovs8na jako hydrogenk
transpot CQj sou rovnhRNg nezbytn® erytrocyty, pr o
enzym kar boanhykhifuza verst®cytach & mkdliz $ | a ZKitthar

2011).

224P|1 i cnze per f T

PrTtok krve kapil 8rn2zm Seliigt®mpopt Seb §nusek
produkciCQa potSNedrim&8d n2 pr Ttok krve pl2cemi | e
videj, te-@yminw kkiliidduu 5 e b opjému &rvecvbrgarizoma 1 0
Pul mon8l n2 <cirkulace?2gkoaockparnrowdh)), nttlzklot vV a
nNDkoli kan8sobnhD ni gg?: proti s yBsys®ink®h ®mu Se
diastolick® hwoa. pulomoalis jsou klidu kolem=25/10mmHgZ 8 sn&d vI i v na r eg
prTtok krve pl2eéemplimp? ahtypoaeaguelk&| wazokons
alveol 8rn2ho pm§cn&|l plkRihonZ |l @a®wy Ovazokonstri
pSi neadekv8tnfevedmi baamezlkan tpsrj@a anlkio gae D n o
nedostatel n®muv otk®tsd i heddstkatvel nD ventil ov
zvigen§ perifelrinegn2rnezotsPemcenT¥e zvygovat t
zvyoaimn8roky na pr 8ci pr av® d&loanwohroyd o bk®tne rz8a t |
hypertrof ovapumorgdher)onipki® kcro&§t kodob®m pSet 2
pulmonale)Kittnar 2011).

23Mechani ka dlTchgn?2

PSi ventilaci se opakujiz ndswhl rfiSuinexsgdumwc hdoevc@h
meij ednmitf I8aMITge blt f8ze kldgpduwal indspiauwalan:?

Pro adekv§8tnPmPRremtyrdushwile zi j zevn2m pr st Sed?2
rozhoduj 2 c? tl akovl g r\akdliiedha v ®medze ¢ haolbv®map ofd |

12



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

vaveoech (intrapul mon8l n2 nebo t®g intraalve
vzduch neplcandbdplicBAhem aktivn2ho s phointt §ningkho
val veolech nigg? n&dplatmophreomsitSlkid2t ldpi v vI
obou t | aKiffhareqdB.l n1

PSi S pronn8td8&encm?u s e Dbr 8nice svoj? kontrakc?
(zajigSuje 75% zmhNnyZ®rbgwaeaR ihmtuemR &ksido §1 n 2
inspiral nztpd spht awad 2 mlibnby ermoza@d e mo @mSé @ st
pS2| n®ho rozmNRru hrudn?ku. Me z i povrchem pl
stNDny tvoSenouipoemkdnipc2osjteryehmpl ndDnT ma
kterT umogn2 bRhem 2deplh2oove® hppo chyrkd dun 2k | sotulzn§h
nor m8l n2ch okolnostobjemderoij Zmerdpdsathbenw’
danou vazivavhluawnd Jkowr, ath velomecap DNampwak h
m8 dvVfsl edku sweojd&neliasti ciozy 8hnout a zvDtgid:
protichTdn® présltyorwy vwnelz§v gjo?plv cni c?2 a pohru
neg laj amos® i c kT, ( negatd vaBEm HOY. Tektod tlakl se azbvcga
intrapPpuelBd nha k @t oraa kj8l nt2o ut | saikl ozepnutdut er 8§ d
pSilnutou k hrudrPjetiekvidterrd! vAlbovV &ohg& mnpriblsalor t
vedou k pr oudDrKttnapd0MnT z a do plic

Vdech je zmodhmamé&Kk nalcthi vn2z dRj, za kterT |j
nebo za podm2nek umhRI ® plicn?2 veNideabejps
pasivn2, zajigSovanl elasticitou plic a hr
plicnxeverktlialsai ck® s21ly plic a hawdeshaku bDt
zvyguwjizchv t 1l ak. Takl akponi k8§ rzapailmiir ame eol §r
amos® i ckTm tlakem okol 2, ktpdrilc wlyv oolk8 | mr2 chwd
Objem hrudh 2 k u i objem plic se zmemgdn &ligdDdNant r ap |
konciexpi ria se tedy vracehddwagtexrmnlkyl itd @ak® dde @
a syst®mphtoadnpé& pSipraven na ZKithag8208)n2 dal ¢
S2 1| vy, kt er ® muoebdvedltdh&d2r swddhyem ventil ace
el asti ck® s 2| ycelpolou ehstamc), h rpuodvir 2c h0avi®n gnoal pelxth? av t
odpor, tj. rezistenced T chac2ch cest8ch, ktlervdgoeh opvSa2nn®ot
vzduchu a d®l ce dlichddaah ® emotc nda nme pD2 manDan
ZmNDny tohoto polbomMrdaksovemabkyvhiwaRuj2c2m

bNDhem spont&§nn2 ventilace S2 ze mgvujahladkon o mn2 n

13



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

sval ovinu stDny bronchT (sympati kus VYyVoO
bronchokonstrikciYKittnar 2011).

2.4 Poddijnostaelasancep |l i ¢ a hrudn2 st Dny

Poddajnost syst®mu hrudn2k + pl2cetRBRyYyIi 8?2
pica na povrchov®aem rkaeMt§2 mBv kdraaSddp lrad tvreaoH asa
nej meng®&kobhjdem®m st avu tvak Ikiodhoovi ® vd edéelcohvu® pva
je retrakln2z s2] a pl ircovan oevx8pzaepliz nBes sBbljfacurmn k lun
rezi du8l n2i HRE @ranctional IResiddali @acity) vi z. 24 (K€thar Obr .
2011,CortesPuentes 2018).

P$ig§dencahruTst § el astick§ expanzn?2 PsSildacthmuudn
pSevagujeeetakltatigi§ic a od ur | it ®ldechupibj e mu
el astick8 retrakdm?® mS2 madhercuhd n@ekpt élde sy|L«
vr 8tit do kliddNePvBeghopy®dda| abygt cel ®ho s
okol naobmdtikR | vdov® dechov® pol ohy, kdy stal?
zmNDnu ¢Kbijtetrmuar 2011, Dostg&l 2018).

Vel ilinou, kter8 popisuje eldaasti ah®e vl dstin
pSi nul ov® r ez ijako(Gattiooni2addjc hac2 ch cest

Ewt= EL+ Ew
Ewn-el astance hrudebkast 8nyge (ghctetl gk, o(VEU negl)a,stEanc e

Trans pul mon§gjlen2r adhxkl em al takuoud§ ch2aké chl alewt !
i ntrapl eurudrl|ng?jB&nfs thuaps vip BB 2.2(Gattinoni 2004).

Prp= Paw T Pyl
Pre-t r anspul mRwtihkwdd cthlaak c Ry-icretsit &glheur §1 n2 t 1 ak

PSe v r § c e n oalestanage poddajrmst tj. compliandeviz. kapitola 3).

C= Vp [/
kdy gp = PIP-PEEP

C-compl i anc e-dseycshto®niu oRedketspiratorPRreBsureyvr chol ovl t 1 ak,
PEEP PositiveEnd ExpiratoryPressure}p Set | ak na konci videchu

14



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

tuhd plice poddajna plice

%/ tuha hrudni sténa

Ew

poddajna
hrudni sténa

15 | 15
—_—
-
_ \ El“" )
| | | |
AP, APy, AP, APy,
L J L )
| |
it Bl e

ObgzekElI2as2bbe udn? u)seddayp P(EEEe tvoS2,cel kovou E

Tlak o v 1 g rqBag-ilak ednitc h a ¢ 2 ¢ar oczedslkl eenh d | ed nPo dagt&lnoya 3 hb hr
parenchymugPrei gradienttr a n s p u lhotleka, §Hy ngradientin t r a p haetlako. § Imod i f i Kkov8no
dle Gattinoni B04)

25Povrchov® naphit 2

Povrchow&nn&mlPtr22 na rozhran? mezi vzduche
alveol T je wvyvol 8no tendenc? mol ek ul t eku
dost Sedi vou s21u, kter§ ns§ nsan achou nreejtmeanhgo?v aot

Vel i kostefti®twj es?2UaypldaceTv z8kon:
p=2"1Ir
p-tl ak usiluj2c¢?2pomvrkoHaw® cddgmiiazl w, veol u

Aby se maximalizovalaploegp r o v 1 mR U i fl?yriniR)(soualaeold @lice

mall @00 em), maj2? tud2ma ma$d c ipotdeoknwdzid mma proak uvd
stranhD alveolu byla voda, kter§8§ magevymBok® p
vysok8. To by viznamnBD zvigilo nS§rttasiy na
energeticky (Kitmdr20ll) n8r ol nou

15



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

Na vnitSwmamveolvTcbe nachg§z? ale surfaktan
sniguje toto,aotvirmhowvi®) njampetdd maik | ke Isél ap s
Surfaktantf e synt etmozxzouw§n Idneu ypuovaSlej & vioeSeant &lmed
fosfolipidT, kter® maj2 amfifiln2 povahu, Kk
(alveol okapil 8rn2 rozhran?2), dlouhlT hydrof c
doalveoluuMole ul 'y na sebe vz8jktmnnrD® pp[Tlssodl?? sprl catmi s
naphRDt2. Nejzn8mDj g2 sl ogKinar2&lr f aktantu | e
Uni k8tn?2 vli astnost 2 mol ek ul plicn2ho surf:
(snigujmnegsjfefinh plcolupSa redyolcimelobj e
videchu se mokekucle@ap@ijBhDgué¢ 2mNDn2 jejich o
se zvyguje. Tento z8sadn?2 mechanizmus br &n
rychl ej i se zmesgupucfahkhtahwvwewowPeehkoncentru
vypr8zdnhDn2 do vRtg2ch alveol T. T2m pSisp?
udr genz2 p o mperfuze(Kittean20i1)l a c e

DTsl| edkem n ekiaots je aastahilita alwedl f @hd8ozc? ke kol apsu
alveol T a nerovnomDrn® distribucidTvselnetd klua c
sn2gen® poddajnosti plic a 4(8rousstt§8d d2edclh50v.®

Typi ckT m siteanvceem sduerffiack t @ rcteu ,u jpsScewd | rmesmrDa In@ r
(zhrubat pdeemBebmbdytyg jegt Batredkyv ystuwrd Sikltya nd aus
a nelj gamtstavem nedost at ku(Kittnas2@ell)h 8n2 sur f ak

26Vent i | auzmnD ppendf

Rovnovs8hiwanmeztziac? a pr Tt azkke)m jker vze§ spa ddncze ng o d
adekvsg8tn2 vimhDnupldTlccthahc 2 ckhd yp loypntTi m&1 nN kagd
ventil ov8n ([Kitnparedlf)undov §n

PomDr me z i mi n wteonvt dvWlaaa P v E torovisee mp 1 k2 ¢ e mi j e
venti-pat hdz n¥/Q)p o mNr
VIQ =Val CO

Va-mi nut ov§ al v dlLaming CO(Rardiacdntpud -Isa de | n(B/min) T d e j

Nor mprAmNrng hodapeéernf wzmahd ap@tHBedni everni

al veol T6 jle/ micrma, 5st Sedn2? perfuze plic6je ste

16



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

| / mi n) . hofotgVd@plonn&8dr Tzwl ch | §stech plic jsou
nerovnomluwhow! ped§ka eh§ ay n [@ravipages nma kren Zan

nor m§| n2 c lventpacedqvinizperfaz& (Q)p | i ¢ st o u pnajPe spnoldlroegme nki
(dependent n?2hmgr m2bdma,stepri.k & n2ch (nondepende
ventilace nadxphernfden?endempbrizacdh pSepwaguije pe
vent( Kiatcttnar 2011, Dost 8§l 2015) .

Pro zjednodugen? se dRDI 2 pl2ce za fwizi ol og
na 3 plicnz-hyv.VWd§sbedku Ilgamivli 8ra&eh jaepitk &
pic(z-nga A2zkT a mTge bl t aldoldchpjnec et oni dhyl?a snte, g
ventil ov8nnagboalne med2 bt per f unzd onva§e A . St
vent i | orvf8unad oiv §meak ap il lakr katlvej e« vyawdsehneg t |
vel i kost depijle§rum? oweSmfa t |l akovpim gmZadk amit leé
alveolem.Vd ol n2z zny@m N3s{ou d2 ky grcaevlii®@ antiik rtolca kryk ukl r
neg | alvebléclapkr Tvt ok j e urlen tlakmvhem gradieBt
ven-zn2m koenlciigtpldni.c nZahopat ol ogi ckTzhnpaodm?2n
kter§8 nemus2 bilt ventilov8na a pngtokl|l kcmeh
SeligthND a interstici 8l n2Rwujtek §RSiv T pna ttollaokgeint, |
(Dost®.l 201

U leg2c2ho | lovhRka je krevn2 prTtok pl2cen
o nNDco m8bozgNtdatoi p arvtDik a | e PKitmarB1). na b Si ¢«
VdTs | edku gerraowintoanter njDeentilexeA poi gke8nlan 2i avl veol y

neg baz8l n?2 al veoly v dependentn2ch obl as
di stendovan® alveoly v api k8l n2ch obl astect
di stribdovgBhndoh dependRfitneehmnti l§a¢cic mpdozit
ovgem vhDtg2 | &8st ventil adepeéindtemitmdehinabda
Rozd2ml2yyev ventil ace | souwzevIviaxzinddd kmeem gj2e nredr
rozl ¥Memp? mDr u: najpvykK@dn?2j g -bBz &l mejnighd?2

dTsl ethlogniot @ch papaecdl¥l rkrovh ,t IkdkeT 8O opougt ?
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wika  B)

krevni pritok

Obr 8zeWwes2Z.ovy z-ny

Paiintraal veol §gintkhkvpl ak n2 P airtthkevpl ot ez RPenul e, A) stoj2c?
|l eg>swudpiwnn?2Vipentllacez@ perfuze( modi f i kM&®al® dl e

HI avn2m rnedchanismdnn kmer T br §nédzdzZIinT kWv/ @ ep &k
vige zmi Rovang® boK&8bk¥u kegel ac reakci na h)
z7n § m§ hjygplox i ck§& pl i cmSi vhayzpookxoinis tnreibkoc ehy per k a
sn2genou nebo nedostatellnacu dwaahdBonsirka k dan
pS2vodnT cvhhypvampt il BovanT chuzeblp&Sevaghj éepamafd v
doch8zelo k nedostatel n®mu okysl il dikce pr ot G
omez?2 pr ftRacktlor yoat nNoveoneli a ovanédrcthi hebanT c
a krevnt2mrop8dsmdrovémgdovemtialsad? s

Ve ventilovanlch al veolneedo c tkf reB Bk npeljysmoTu & e
t Dchto al vedprdtorzvyguj e mrtyv

27VIiv plicn?2 inflace na plicn?2 parenchym
Pl'icn?2 inflacenvedegkeatzmDn®mut nerlvacwnm®h ov as
rezistencég PVR (Pulmonary Vascular Resistance a v neposl edn? Sadn

i nterakci me z i srdcem, plicn2 tk8n2 a hrudn
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Hyperinflace plic je spojklineah scetnotneirc kv up ric
m2ge (n. vagus) , cog m8 za dTsl edek @aegalt
vazodil atal n?2 efekt. VIiivem aktivace hypo
extraal veodBlraa2tcehc hc ®y w2 mdkapad tf wunn kihhg¢e rdeaead MEl
zvi genehceexwaal seol §rn2 | §sti Seli gttBkem®#NDhem

pSi vysokTch plicn?2c hreso?b j-gdvev@ceh? c hs pkog peinlT&rh,
pl i cn?2 2reastehceviz.Obri2.4, (CortesPuentes 2018)

Intra-alveolar
vessels

mmHg/mL/min

Extra-alveolar
W - vessels

e e e s mm ms s e

Pulmonary vascular resistance,

RV FRC TLC
Lung volume, L

ObBzekVz2.adh mezi objemem plic a plicn?2 vaskul 8rn2 re
Pl i cn?2 vask uPRPulghonaryvascdar ressstereaéR)pe hl avn2m deter mi nantem
komory a mTge se viznamnD z Jdkgeiobjemplilarg®elume)x v y Pmjee h i
ze zbytkov®ho objeRd) (Rescdukhodbv Vol pimecn?z -KaChacitu (
Ai nalrvaeol 8rn2id c®vy (lerven§8) se st 8§l e alwéleclgatako mpr i mu
sezyguje jejich rezistemdeeor&r hicbligesRivs Aanvoidy DA ko g
podm2nek tyto protichTdn® %% inky inflace obvykle op
(modi fi kov 8Ruentes018 Cor t es

28Hemodynami ck® dTsl edky zmBDn nitrohrudn?2ho
BNDhem sppoemtt§nm2ce je pSi ngntdtap €t Bur §jcActge b | ak
zpTsob? zvigenzprillom2duo pr &wr®@dtou sa dcrm . BNh
p Set |- BPN &Positive Pressure Valdton)doch§8z2 al e ke zvigend?
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a snz2lgnenh2o gni§vratu, t2m s ns2ngeednen 2n avpll dneljne pprra
viz. Obr. 2.5

PPV

lyfll
I}; n

q

-

LV:
| Preload

| Afterload\\ A~

RV:
|Preload
TAfterload

TPVR  —>
live

v

Obg§zekOwl.i5vnNn2 hemodynami ky bhRhem pSetlakov® ventil
Pl ndmav® komor ¥y moRWINAL B ah b p 6 a kR/I(Posttiva Bressuteetilation)-P

ventlacepozi ti vn2enp$ejijeapeml oad a gf tsenrilgugde Ipeve®d okamoprr
(RV) a paviyxhitj ev aerdciRVB)IPm 20 w@=zich nyr yc &v nh2r ysdtrraulkd @it iDn @ o |
dutou gpeutfaNEMwm)y 86mPi vhBRLat Mensapmir awl #P2 imn tYasa v & s K Pl §
nebo intraventrikhPu) S§rMods®stgppkegkE ekaknpzSd hprouwdyni?t 2s
pSe&tul @ BIP&¥m | erven® ¢i pkiyt r=a pihleiurreSRb)n@dhaol ht3l vadkauh a(u ¢ 2 | u
alevou komoru(LVsv, transmur 81 n){motdiafki ki cBor&aPokntesidks) vy

Sn2gen?2 ¢gi | n?2 REERIN(RositivaBEnd Exjeafioh Préssufi p oz i t i vn2 hc
tlaku na konci expiriea  z v 1 g en 2 nitrohrudn2ho tl| aku, on
zv 1 cem2t r §1 n2 h €VRAYjitlaka ¢phr oa vt ®@ASSERIghti Atrial Pressurg se

v2ce projevuj?2 bDhEortesPeentast2018n2 hypovol ®mi e
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281Ventri kul 8rn2 diastolick8 interdependencce

Ventri kul 8rn2z di a s stal,ikdysep r aan § lele adi@oprean diedfc e m
ventilace a plnhNn2 navz§jem ovlivRuj2, dia
geometia t uhostp Siruhi@gnt8ryn2m n8§dechu se zvygu
pl nNDAprBRV® ,kocnoodgr yzvyguje tuhloesty ® akvemlacgywj e p
pozitivn2m pSetl akem (@&tesPeenasedi®)i pTsobit i n

2.8.2RV afterload

Jak®kokzvigen2 FRC / objemu plic, aS ug za
pSi vipptitaen2m pSetlakem m§ potenci §I zvDnt
wkor zantyed@dy zvigen?2 @mfae®| kRVvhoay zvdlogeé&mZenp
rezi stence a potenci 8| nICorteb2017gShiprar?@l8ut n2 ho

283Myocardi 81 n2 dysfunkce

PS2 ml PEERUe nta zhbc@gemyokardu pSi ischemi ck®
nebyl mozal @PEERIT Gapdermc i €1 2mamidlit afterl oac
vDt g2 potenci §I naragi B &@omSe®®uk oneariy dad;
funkci p r (Bethl@200R)o mo r vy

2.8.4pDOWN, Utpefekt

BNDhem vdechu poziti vn?2km ppSSecthloadkh@m eévd kj?y s k o
je danl pSechodnn zpvTigecenm?Tenh ng8ivir adtoe mh ekvr®& ek ozm
zpl i wdegh52 vi gen? intraalveol §rhabmnvdpakdPn2 N
nNDkolika tepT ke akunx@WR esfyskt®mok®bol t| e
preloadu prav® komory, kter® se ngzObednD pr
2.6 (Feihl 2009)
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PP max

\ -------- sntenietsetnanezases AUP efekt
ADOWN efekt

PP min

Arteridlni tlak

End - expiracni pauza

Tlak v dychacich
cestach

Obr 8§zegd ovquep ef ekt
pdown, cu@reéefaeclkt t lp®lPdse @essuetPPhkax-PPmi n) bRNhem S2zen® wur
ventil ace, omdcadgRRmMTapiddeonttyi f i k ov(amo chiyfpiokvaod ®md idl e Fei

2.8.4Efekt PEEPunasr del n2 v de|j

Cel kbemodynafekt p8& akov® ventil aecnedexpt 6adphn:
p Saku-IPEERuavr chol ovich i nPPpij eald@?c mntolhak F akt o
srdeln2 funkc?2 a vol ®mi #nkciskrddyc ep ®EERNJyepToive | ®n
veagdkamati ck®mu poklEfsektsrsed gaémd sni2dmel 2 h
venzn2ho n8vratu a zv]I §ebl3hme nafvddsgitakaed ub P eam ®
vi de-expiar ychl e navrac2 do pTv pgden 2ecxhp ihroad nno?t |
rooen nebo del g 2(Cartes2qi7, Shipmand 2018 | a s u
BNhemilasegozt i vn2 m pSetl akem PEEBRL¢ @% jnak hma nb
vrichol ovP@®ho ki $al@eetnddr mi nuj d T cth@ed cPmPigleask §w h
St SedndThdalcdlc hvmegadt §xhd§ ploge pod tlakovou
cel ®ho vd®dhma czyky quu j REEPaP, nalj & ni  d(Edrtgs201l7,ns pi r
Shipmann 2018

mPaw= (PIP 8 PEEP)I [ (ti+ to)] + PEEP

mPaw-s t Se d ndT cthlaack? cvRIP (PealdnispiratonyPressur@ivr chol ov] VPEEPt i | al n?2
(Positive End Expiration Pressuré)e n d x pi r allnas tilnksdpa sr ieax, pi r i a
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ZVygumPagrfe jseen zvygujle obdjienkeprd inca hrudn?2 sti
tlak a sniguj emPgs boP mF@g@rdatD.r n\Vy gigi2gt en ewv Satn
alveoly a podpouujpe Smnkr dahyleurl@rhPac i nkapi
zvyguje plicn?  Naadsnkiurln8Y nv2ysPegka®@ sttt luza@icrimtgs | e d e k
rozg2 SWest owgket,er ® c 2 wmgkju?l iSten@ 2 mopaDeaivatd r
prTtok kreég agmddnteim &vanT,m [t&atmdgt Wil igr ost or
afaterload PK Sou | angn @ iy gniPawi pot encoi @idragdtg@lvou t ® dob
uzavawoyRupaci ent T s ARDBSS8ns plircenk?rhuct aposntl gne?cnh y m
z|l epgen? vadruguoedrp?a kppotesBuecte | ik ov® plicn?2 vaskul
snz2gen2m hypoxi ck® p(lannuzzi22019Corsek2017 Shipmannr e z i s
2018.

3. Z8kladn? principy UPYV, rozdnDl en?

Prb|l emat i@l icmBl WeWw { iel aweel i c e rozs8hl 8§ a
zjednodugenad8d evpmodhdt @amd®e budeme zablvat |
z8kl adn?2 minep hiDaiNg v da v aunniald®& ol i cn2 ventil
ventilacep Set l. ak ov §

Hi storicky et,abtev@nSejadf@tkakak@jsdabdheiml g
centi metry v o @de? dmoHOs=198,a6@5cPa (pascal) = 0.98066bar =

0,736 mmHg Vn§sl eduj2c2ch kapPit plopPdibupmatsd abed:é
regpmil g 3jedreotkaS&enH20, jakon e j ljia sptolu jgdnatka.n §

UmNDI &8 pli ¢re2 pBeéosrttgr§omonsyg®o r a, kt er 8 om§ az & | @
oxygenaceah ebo venfij@p8elvierdaSunce?dolst anedmosel h§n
vyvolanronemocniNn2m plic, di ounaw? cohHhose sctkif®) @b 0
Z8kl adhem awamDI ® pl i cn?2azaigetnani ae &to kegag ema a g

ventilae p S'i ome zen?2 nedPs¥ doaukc 2@ ht dahi brkeffeer m¥ Eined
v kapitole 5.
Velice zjednodugenhD mTgeme S2ci, ge dosa

pri m8&§rnhN nastaven2m | R&@i M vaiu®i gfd tatkbcaek uk yrse
konci expiriai tlak PEEP (Positive EneEexpiration Pressuyekted udr guj e al ve.
otevSen® a vent itranspaatuO®a CQL., wid. kapitols B.Ad @ WS t n 2
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ventilacit | . dadalge®htn? sekluidmigr aé e @@ ©kirnvSil nd2ehso8 h n e 1
nastaven2m minut ov ® ewehmtviolua cf er,e kkvteenrc® jae | deslr

objemem

MV (ml/min) = Vt (ml) x RR (pol et
MV-mi nut ovg§ ventilace )fdddmmow]) ,ob/jterivol ume t |

RR (respiatoryratd -dechow § frekvence

Podl e m2wvenpoddyFajeymekmadiM e t| n2 UpPS/e tnlaa powWd@ r n
a plnnN S2zenou.m&§P %iacp edp,Trzaa@eh UR&d@Dtnd tSerink o
dechovou aktivititajeho ventilace jd 8§ st el nD ap e dp ém to8unl asnosti

skoro vgdy synchr.PrSiiz opvlannd mS 2zzpeTns® bRV | e p
dechov®@aktiigi taytefici 8l ndD zpgsabgo®edapsS.
jako k8glB&dadn?2ho aonweanmtcinlD gk ervoykapB8g§&idnk
ventilace a eliminac€0O..

Dosagen2 adekGOS8a nKV ejl pomdfabpvmstjavemaetm i vIic
vent il al n?2 c hKlasifikage antgrmindl@gév e nt i lrael gnipneTh znal nN
nej edakonplikévan§e x i s G@ysyménynpr o i dentick® ventil a
postupnim vivojem a firemnthostzBh| 20218) ] edn

Z § k | nai drmamiUPVijsouv ent i | ace def i VCV (WalonieGontmb j e me m
Ventilation) nebo definovan o u  z niléka, GV (PressureControl Ventilation). Po
i niciaci d e| cahsoevn® h(on acsytkalvue n o u devenhop/ um@tnd r e k v
dechovim %si |l 2 m tz. fowinebmpreasuré trgd ei® o rv &umst ki ul t Set | onr?2
vdechdos g e mamt aven®ho | omitak(dbj e®s|l edbje in
kt er ® pd®ic RWEGW® r apul mo n §lrm?2z drPéPd PpietgrSii b ,MeaCiV
Obr.31) N§s| eduj e vp Slecaxispinh, kitbj e p Si  \emtilmorvegnd yn 2
pasiavip® dg&§n n @ aavseun Tnng dpeocri liE (irmspiria & elg@ri@)h u

31Ventil ace def i nov dX¥dumeGomtrpl &entlatign V CV
PSvieden? umiDl ® pl i cUC¥ nagaeujernd ptinaScr enbf@m, ktele § i mu
ventil 8t or bRDhem | e dwechné do\paibnta (lidein © bljem®h o c y |
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viz. Obr.3.1) a dechovou frekvencZ 8 vi sl ou hodnotou na stavu
hlavnhD na poddajnosti, je dosagenl tlak, kt
ZmDnu tl aku definujeme jako:

qp=Vt/C

kdyjsoud e f i w o d § n gaddagnkss
Cayn= Vt/ (PIP-PEEP)

a st poddajonost§
Cstat: Vt/ (PIat—PEEP)

C-compl i anc@uyntdsn ®moncpkaBeeCstat-s t a tcompliarke, V-dechovi obj em,
Pplat- plateaupressure platotlakd i nt r a a | ,\WPEEP IPdsitive Bnd Bxdiratoky Pressure)

pSetlak na konci videchu
Pplat (plateau pressureplato tlak) definovanl j ako t 1 ak na kepmo C i i n
i ntrapul mon 8llna2s trneedii medtvra 8bluvwceko(l Ba snt2§ru 20 1a8 ) .
Vihodou objemovn definovan® ventilace je |

konstantn?,elNemilmaodeo uCQ® e, ¢ ecompfiancdzimnnndd pld d
odporu dT cihraeczzicsht emeed zrefvgieg echd@d Ttclhaakc? ch ce st
spotenci 81 n2 mognost?2 pogkwvize nkapit@al5é ¢ umnDI ou

3.2 Ventilace def i nowvRessoraConatrollVentlationt | aku, PCYV
PSi veden?2 umhiefiflovgnduim®nd uv é h & inezana@ansut zat vl uaj keu
z 8§ k| adn tlakumlaa dkionnyc i - PEEP dae cvhruc h o haozvl Tv Rith(Peak
Inspiratory Pressurg Vr e g i mu (Prés€uiié Control Ventilatio) j e zmDna t 1 a
definov&§nBchomtdmolt oupS2mo  maktav@gdosed hkdi dh e
i nspiria, i dent i ck onvizhQbd Srld/zhiddemh kt iovmiubh § lgpme s s u
tl akovhn def i nS2vda2nc® vtelnat ki IrkaoGnes 1t Apm&ri reck.iamwi 2.C VO
tlakPIPi d e ntRplatk T s

Existue mo g n o stt| avkeodvell A ®e fvienn@\j il m¢ ¢ u ¢y2svta$ 22 £ & rh2o
dvou hl ddanT vdhkdul r ob crTT zvBiPAR/ DUOBAP @ BiLEvel
kdyj e zmRDna t | aPEERUmhed inlacy an® wknl kterl je ozr
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Airway Pressure

Tidal Volume

+

Flow
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PhighneboPinspa kt erdgijmau vpl nND S2zen® ventilace pc
PIP, viz. Obr. 3.1.

Vihodou tlakovhD definovasndgeéin®@fediwlcd) @l §\w®
t2m | imitace pot enckaSlin2ohoa p5alékkdoezel mz@gdpluil ca,c
ge pSivatne@inhaku je z8vislou hodnokoberjedepom
se zmDnou poddajnostitoombDavat.a Zdmuldrramep dhdod ame
knekonstantn2 MV a ndloosst8dnt2®m2 8¢l i mi naci C

VCV PCV

PIP Pl PIP = Pplat
- il p
} Ap % Ap
PEEP | | PEEP

] ] Time

inspirium expirium

Tidal Volume

Time Tima

Ay
[

Flow +
e
7
f
-
/

~
e - T e
- - e
e g 7
P P 7
y / = /
/ / /
/ / /

Time Time

Obr 8z erRko z3d.2ly mezi VCV a PCV
VCV i VolumeControl Ventilationi o bj e mov D kont r, BAVd RPressuContrel entilatioa ¢ e

itlakovhD kontr,0A)ovmniBobdihe kaitpdreads/sluas/ t i me, B) kSi vk
volume/time,C)  k $ ir  k @i Kldw/times PIP i Peak InspiratoryPressure, Pplati PlateauPressure
PEEPT Positive endExpirationPressuregp i Driving Pressure
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4 ARDS
4.1 Definice
Syndrom akutn2 respiraln?2 Syddom)) e ( ASwtaggnR
zdravotn? stav, kterT se vyskytSijpesui gemniain
alveolok api | 8§r n2 membr 8ny plic, kter ®1 mé&n?2zm |

parenchymu a akutn?2 respir alvnl2z nsaaokndk 8 np? s
ch8pg8&8§n2 patofyziologie a pokr ok 1w5%,er rkatpeiri8 m
je jednou z hlavn2ch pS2|lin ¥%mrt2 u kritic
p ® | IEU (Ranieri 2012, Bellani 2016).

Ashbaughvroe 1967ppr v® popsal ARDS u 12 pacientT s
selhg&§n2m, kteS2 mNRDIi tNgkou hypox®mii, kter
ale kter§8 v nDkterTch pS2pmdzicthi yoZzhd itvindk u
exspiria- PEEPU. P S i pitvhD tNDchto pacientT byl ngsl e
typickl rozvoj (@sheaughh96®.c h membr §n.

V roce 1994 vydala Americke vr ops k8 konsenzu8l n2 konferer
defi noval a ARDSoyRkw®ezalers)p nel hg8n2 4dildwot n%2mno

rozvojem hypox®mie, kter8 byla definov8na p
kysl 2ku mRSen®ho v mmHg k pod2lu idispirov
paQ/FiO; index) pod 200nmHg. Dag 2 m nut nT mstkand wWen2 mdikagn - z
byl rozvoj bilater8ln2ch infiltr8tT na ren
srdel nz2ho sel h8vs8§n2 = hypertenze | ev® s2nhi
ALl -akut n2 peolkcatelLlim2g plIlnj ur y) , tau skteg m&@ Hklyelfd np.
me®nN pS2snim kr i tp&yFiCe<B00pnmMHQ) (Bermaml £984ni i (

Odroku20llsekozdNl en2 ARDS pou@g2v§ inviavdhulkaz v. Al
1., kter 8t Rroida jypJege krmhot o syndr omu, tj . a
radi ol ogickl obraz a vyloulen2 srdeln2ho se
z§vagnost onemocnhNn2 na tSi stupnhD podle m?2

T m2rn® ARDS:>p8@HO; »dthgnHg,
T st Sedn? ARDSpaQ/EiO.6 100 miHy, >
T tNgk® pParPi6,0s 100 mmHg (Ranieri 2012).
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ARDS - Berlinska definice 2011

stiedni tézké

mirné
stupné ARDS
m akutni zaéatek do 1 tydne od klinického insultu / prvnich pFiznakt zhorseni
pa0,/Fi0, 201-300 pa0,/FiO, < 200 pa0,/Fi0, <100
hypoxémie
+PEEP 25 +PEEP 25 +PEEP 25
respiracni selhani neni plné vysvétlitelné srdecnim selhanim nebo tekutinovym
etiologie edému
pretizenim

bilateralni opacity
radiologicky nalez bilateralni opacity bilateralni opacity

minimalné v 3 kvadrantech

Tabulka 4.1ARDST Ber | 2nsk§ def RDSi odeo rtoS2d Iklauje2gcor iR na m2r n®
dl e indexu paO2/ Fiaei20)odi fi kov8no dl e R

TypickIm radiologickim n8lezem je z8voj o
pSedozadn?2m rent gerObrd®ma sobmiau Abragaewd zgl a
ml ® n®hot skl aopacit nCor.d2QT n8l ezu plic, Vviz

Obr §4BARDS nal iRTG

Typick® z8vojot8en® piianeth&l pareashymu na pSedozadn
pacient KARIM VFN)
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Obr 8§42Tkypi ckT obraz ARDS na CT
a) groundglasstzv.obr az ml ® NW®konsd&klliadace plicn2z mhREmplaAcaeate

KARIM VFEN)

Viskyt ARDS oszemewi?d vi§dive nejnovhjg2ch zdroj T
obyvatel /sil® wgevh Spaai entTepSosgnatiabi na, 4¢
ARDS na | Tgko 1 CU/ mDRDs2¢oup®hz mitupe®Wo ARRBS
st Sednh % BtgIkPABDSHA23%. (Bellani 2016 Villar 2016, Rezoagli 2017).
RozvojARDSY znamn zp Tsobem prodl ugudj@lukedb® pbbghn
ventil acadljee z®8BW&VITID s 6d nSAARIEIPdnR22r na® u t NGk ®h o
i19dn 2 . Mortalita pacientT %, ARDSt PeawiEd N
t DGk ®h o 9YA(RaDIS 2813)

42RozdNl en2 ARDS, f 8ze

ARDS mTgeme dRDIit na pri k8rem2® o t gkeakpy nl d88rnnré2o
membr 8ny vzni k|l o pra0®B3)n.2 Rroigrk&rzre2n 2( p(lIPied m?2s,i
mTge bt n8sl edk2e mplaispns acefeldidugbakteri §
toxick8 inhalace nebo plicntrkhopol mpe8+npohm
pogkozen2? plic se mTge objevit pSi gokovlTc
z8nNDt lktke SIRS)y e@oytraumatu bez prim8rn2ho pora
masivn2ch transfuz? (akut maur PpRALI ¢Tnadsfugppoar an NDn

RelatedAcuteLunginj ur y) , u pop8leninov®ho traumatu
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kardi opul moun§8l méi bypats®movs§ intoxikaci, u
koagul ace (DI C), U n8dor ov IAsiBO% rvema din AR2D Sn g
spojenox el kovou i nifsekrc®r olme nSIsRySsSt ® mo(ReRoagti § n Nt | |
2017).

ARDS | e udnil¥lunz8n2dybsf unkce pl i ¢cn?2 hfaktorp,jae @@ c hyr
jsou soul §st2 celkov@®@cdyorgaumli sman@& az §nSFtm
pogkozenh2 Dooh8tt ke zvigeaRuhapatBrnekpeim
na proteinyval veol ech, cog vede ke ztr8thD wvzdugn
hypox®mi e a bilaterB8dea?j @lspmnj2en®fdd taz8uagn
zmDnami : zvigen2zm plicn? ven-zn2 npSemdmi ,
poddajne t i respi r adompliancgRamigri®1@Razpagli2017).

Morfol ogick® znaky urnolgktorz2ze nf28 zipi 2 &Hh run wjl v e
tvorbu hyalinn? membr 8n a al veol 8rn? hemor
p o g k o RBADBiffuse AlveolarDamage) (Ranieri 201Rezo0agli2017).

ARDS se typicky rozv?2j?2 hf(Rezoagieldh patofyzi ol
1) pr veexsakduattnyn2z2, se zvlilkaemiolu§rpm2o pmsmmrosr i
hodiny ag dny po inzultu, bDRDhem n2¢g doch§8z?2
TNFal fa a i-halle8 dgregad neat@fiTI Lv. pl irc&eélc,h Kepsti8m
produkce pprgktoe®n,z? kplywamoddy § Tsh2gen2 produk
ke zvigen2 plipSestpeemeakkluiti wysa proteinT
vietnD fibrinog&nuayvochy magnaz@&8 nm8 tlhewdedbu ed®r
prekapil 8rn2 plicn?2 hypertenzapl8rwi2z me@ibrr .8 n.
m§& za n§sl edzeek az hhoorr@Her@3prSdeisit aijpe ® hpoklesem® mi e .
tvorby surfaktantu a jehoniakt i vac?a1 8intr ZlSsaWNed i vou tekut
tendenci ke kolapsuo dohromady $§ ej i ch vyplnhDn2m tekutinou
atel ekt8z, nevzdugnlch obl ast 2.

2) druhou f8z2 je subakutn?2, pwvalitifdngti Bih

t ®f §z e, kdy jsou stimulov8ny fibroblasty,
pogkozen? zpTsoben® z8nDtem a pogkozen2m ka
prokoagul ac? a fibrinolTzou.8Jenaker®topvad
surfaktantu 9 ot e n c 2 dal g2ho pogkozen?z plicn?2ho p

PSetrvg§vsg ed®m plicn2 tk§&8nh, peruhm? grug peo midr .p o
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Alveolus béhem

Normalni alveolus akutni faze ARDS

odlutujici se bronchidlni epithel
epitelialni /
bazélni membrana Y &
@ - . nekrotické a apoptotické

pneumocyty |. typu

TNFa
LR

hyalinni membrana

inak‘tivovan\?\ Sy
surfaktant \
)’ TT— pneumocyt |. typu / . crvirocyt
aktivovany o
intersticium / Rt - typy neutrofil = inaktivovany
& e pneumocyt |. typu
=e
o PAF ""ﬁ =
alveoldrni i

makrofag sl saiiely \ bunééné zbytky
oxidazy 4 3
1-’ b ;

/

\(ZL

L B —

proteazy

G v

- fibrin “/ migrujici neutrofil
IL8, IL-10 /2 p
T vrstva surfaktantu j - € FGZS':i::rset‘tTnitom'
IL-8, TNF-a S g /

bt
endothel

erytrocyty

endothelidlni /

bazalni membrana

aktivované
trombocyty

aktivované neutrofily

1 : :
| aktivované
fibroblasty 1 fibroblasty

Obr 8243AKkRDBSposti gen2 alveol
Nor m8l n2 alodeglick ®iao fstzaivu (|l ev8 strana) a alveol us

strana)koddlocvi® k2 bronchi 8l n2ch, tak alveol 8rn2ch epi
kinteral veol 8rn2zm krv®mr bldo thaytalld mMMé & thrpanfeitdey ny | p2 vaj 2

kapil 8rn2m endotelu a migruj?2 pSes intersticium do ¢
bohatou na proteiny. ¥l veol 8rn2 m prostoru al veadatedevkm{IL)-hd,k r of §g vy
6,IL-8,IL-10aTNFU, kter ® pTsob?2 | ok §ldnal gk2e askttiinvuallcait anke®hternoo
stimulyef i br obl asty. Neutrofily uvol Ruj2 oxidanty, prot
jefak or akt i vIPjAFQ2 P&t ioBmktyesktu tzi SnnyNtbloihvat ® na proteiny

sufraktantu. (upraveno dle Ware 2000)

N§g§sl ednhD nastupuje 3) pozdn?2, post reparalr
kdy mTge mmodnealjacti rpel ymunst hpi opkalrmeinc hi bropr ol
zmBDnami . PostupnlD ustupuje ed®m, pneumocyty

(Rezoagli2017).
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43Di stribuce postigen2 do dependentn2ch obl
Zmnogen?2 extr avdays ksul i§mtné rvsgtloil c&mn&l 2nvome da® nael m,
dTsledkem zvigen® permeability endotel u, e
porugen?m funkce surfaktantu je predik|nDhD
transpul mon§l n2 mat Isakay Ivig gk brh ihgtlger.koem d teig 2 ¢
pacienta do dorzobaz8ln2ch oblast? plic, n
Vt Dcht o dependentn2ch oblastech dochig§z?2 k e
nevzdugnl c lfDoontb§ la YddFelloq2q1]. ¢

U sekunie&ntnmZalpal mon8l n2ho typuddRDSI pe thar
posti gen24.Uvp ac ip®bmBErst2 m ARDS, tvypiuntoknyi 2naps$s
/| pneumonitid tato uvpdlehtSskuwitsemiadblky kwyjedd$§
sjistim | asovhm bdk®upeomhBzizno vl appmi tp Sin 2t
pacientg D ol201% Umbrello 2017.

4
A
=]
—
=
foi

O O @ |

normalni edém kolaps konsolidace
otviraci tlak : 0 cmH20 10-20 cmH20 30-40cmH20 o)
Obr 8440k stri buce kolapsu a konsolidace plicn2ho pare

Distribuce kolapsu anchhmynswémtdraeado rpzl 8lcnn22 hoo zplaorgee n 2
edematozn2ho a zkolabovan®haouplaib¢hihy @ameegaoNtRy mid,v2m

Ababy lungf rezidu8ln2 zmengenl parenchym pl2ce ( mo:u
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Vzni k aejd?Renferm a kol apsem plicn? tk8nnD a t v
mnogstv?2z funk]| ngdkol epsaurr eéracirhdydndul, FR® (Furectpraalc i t y
Residual Capaciy) , u ventilovanlTch nemocnlch | e
endexspir al rEELVgHAndExpirétory bung Velome),k | e s § i cel kov §
kapacit a. Zmengen?2 mnogstv?2z funk|ln2hb parert
| er vennD ©owzrGbmdi4d|Gatiin@ni 2005)

5. Protektivn2 ventilalnépstrategi e,

PSi pougit2akon®end mzi lpSegiski mi deitshov i mi
ml / kg) dochgz? bNDhem taktonadmd@mm®mimDirl gz pg
overdistesi t ®t o zbyl ®, | egt{Abvabhdu do@ojid ek ikzpat e
plicn2 t k§nefly, tzwwlankolrammatu gDvejyfis9 8 8 ) . Na pSechodLt
a nevzdug,viOdre4sz i eg®se nach8zej?2 alveoly, wu
zvygoveén2m t | ak|T§ smTegl en ®iouc hpsrzoevha HlusgiriuiDmSi p Si
dosaRBR@Beak I nspiratory -Rxspiiasaendepird an2p il akl ce
konci V PEEPCRoasi ti ve End Expir atjéichrkolapsu.e s s ur ¢
Tomut o cyklick®mec puiotvme ity ukdlspsuioderEctubmemu® mu

se 8Hzxk&ovl recruitment. Ten se mTge cykli
st Sign2 mi si | ami pod21] et na pogkozen? plic
mechani smus pogkozen? se nazl wSpatv®| eootposts
kol ekti veon(TreBiblayLt 8 @ ®h j ako s oudvBesrnt id B8g kazem ?
nevhodnlD vedenou umBbokopénetnpl veret nibleace Dpl
nazTl v §i Wrtilatdr InduceLung Injury (Parkerl 993) . WiT2omc Viplr | byl
popi sovan® plrasknuwt barotr auma pnSSis | e thAT @
pneumot hor ax e mfyZBmgaond K &¥W3pam e m

Sn2dgen2 funkln2 velikodg4i |pelrigscerb2Blo ppSar emau
standardn?gdhckicHyzeoatol abnanohchmbpempSkdp &l
hmotnost pacienta- PBW (Predictive Body We i g ht ) pSingg:? neYampr n
viTchac2m syst®mu a pogkozen?2 plicnz2tzvt k§nh.
driving pr epsSeukrreo |ae mpglS@3tOpagnNnou negati vn?
predikci (Amato 2015).
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Driving pressurgpj e def i novs8n | ako:
ap=Vi/Crs, p=Hplati PEEP

qp 1 driving pressure, Vi tidal volume = objem jednoho dechugsC conplianceipoddaj nost respir
sy st ®miiplateRupresaure, PEER positive end expiration pressure

NejnovDjg2poghbozep? pl 2 ce bNDhem umpce® pl i
ergotraumatu / energytraumatu (Marini 20168 p Sedd 8 k| amenpo gl i cn2 h
parenchymu je ¥YmBDrn® mneegsttiv2al ear? er gzined n\8ym aa
plicn2ho parenchymu bBRhem umBDI| ®anicallpowem 2 ver
(Gattinoni 2016).

Nastaven? a vedenktemB| ®alpd it eppdegvendend agle?
ventilac2 se nazlvg prodt ehktbil izk26RMAestudyi | al n 2
(Brower2000)jeb Dgnou soul 8st?2 ventARD&djne? psotvraagtoevgsin
za standard p®| acaeamDl @l islen 8B mak ovmepnatriulj 2 nov
postupy.Koncepce pot ekt i vn2 wventilmdwm@i ts?t rmit@@ad eh vc
objemT/ &g vs. mpl/kgtak dby 3edimmitovalth e b e vguenbtrauméau,
striktn2m omezak?3mRpodBmHdao wigcht 2tni VREER 2 ch h
kprevenci atelectotraum&ERR &FiQbdiloet rlkaamsad kau tai
tabulky viz. Tabulkab.1 Takto veden8 protektivnRAa vent.i
sn2gen? (z8B98%na3dll%,py0,007)u p ac ARDS siffdexem pa@FiO; <
300mmHg (Brower 2000).

PEEP(emH,O) | 5 | 5 | 8 | 8 | 10|10 |10 | 12|14 | 14|14 16| 18 | 18-24
FiO» 03/04]04/05]05]06(07]07]07]08[09/09|09 1.0

Tabulka5.1Tabul ka pS$2 pust nIPEEP(Browen®2ODO) ac2 Fi 02 a

Samotn® zvIPGERMB NDhheond nwent i | acabnén®de cgdyi
zmNDn r ecrduertencernutiut ment u bNDhem dechov®ho cyk
rozvg e atelektotraumat u. TSi vel k® studie se
hodnotPEERuU pro pacienty #aRDS. Ani ALVEOLI (Brower 2004), ani LOVS (Meade

2008) a ani EXPRESS trielMer cat 2008) s @my[ ka zuo ph ot ekeckl
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pouze PBEBUGg? hAAL VEOL I a EXPRESS trial byly do
nedosageni nt ke p ¢ athdie2(Browbrt2004, Mercat, 2008, Briel, 2010).

V EXPRESStrialdokome byl a mor it @hil 2an pacitemgteh2m, t |
tj. indexem pa@FiO., mezi 2003 0 O , nesignifikawnwyad? viygdadotv
PEERU. Teprve n§skPe@BowapbBettiéemwetkl alS stud
(ALVEOLI, LOVS, EXPRES3 se podaSilo prok8zat stati
mortality (34.1% vs. 39.1%, p = 0,049)p S i apl i PEERHRIU vpyagciZRB®t T S
definovanl mJ/FiOCa<d26k em paoO

Jednoummo gnost 2 protektivn20penlupgkéecept upWDkjidy t alk
oznal ov@A(OpealkiljApprroach) jehog zl&dhhaafdng pri
vroce 1992, viz. Obr5.1 (Lachmann 1992Haitsma 200B Open | ung koncept
zpSedagoklodapls a nevzdugnost plécmdfonopaveB
pSecduaghi kac?2 zvbdf§eh@bdchl akst§ch. Po pSec
tl akTenfke@) 6meg bNGNN poug?2vsomeHMARMAma)lv ent i |
mTgeme provzdugni't do t® doby Mhevodopm®owvh
provzdugnhDn2 se nazlv§ recruitmeman@®Vtuto
(Recruitment Mineuvey.Po ur | i t ®m | asov®m interval u, | a
tlakem doj de ikprzowvaewwogtndmSenpl i cn2h@cpardmk
Vdal g2 m kroku se snag@?2dnechmicrricnhal ¢ eotv&d h,p Sa
zprotektivn2pglhi dnif2vopdr eprpoohoytme,ktalven2c®g dZvodT
negativn2ch dopadT na hemodynaniigkeun 2 ha fatvenrll
PK(viz. kapitola2) Vzhl edem k dysfunkci surfaktantu
kterTnjpSedkeeg2m hodnotou pleur8ln2ho tl akt
t . pSedevg2m mnogstv2m éeéxhnthvaplulefirchay muo
proveden? RM alveoly a mal ® dT cohpalxt2o vaesntuy
kol apisun§sPSedn®m sihichac&nch tlak@cw ju snte®mo c n
mo ment u, pSi t akzvanmbh ouvzrna@&mpus akc & howdldt T m® k
ztr8tND wvzdugnost. plicn2ho p ar e racpbkiesou , kt
poddajnosti /c omp |l i ance <cel ®ho syst®mu. Po ident.i
ng€sl eduje opNRtiocwer® up t amend u gnm M P¥ m 2 dalt dnhgdsalizecdhn &
cest8ch nad t| ak uenmsHy®.r alce?n,t ot ypiocckeys msien .n ax |
titrace nebo optimalizadeEERuU (Haitsma 2003)
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Open up the lung and keep the lung open

open re-open!
otviraci
tlak

uzaviraci tlak

= S
£ R
2 N
(o]
g &
g kee
casova konstanta P
€ > open! :
closed :
closed / :
PEEP ]
i

cas

Obr §z.ekpebn dowmme pt

PPicn2 parenchym, kterl ojsedRonpeolzivygugalcz mmeezdlaklen
man®vr u, otev2rac?2 tlak) opRtovnhD provzdugnhDn (open
tlaku k ophRtovn®mu kol apsu, derecruopmah)d)ujc@clopddd)
parenchym provzdugdgnDastawPEEPpad | edav2wr k¢ 0 ktul gle. n( modi f
2003)

6Recruitment man®vry

6.l1Proveden?2 RM

Pl innost RM a schopnost znovuotevSen? a
zkolabova®@h o pl i cn2ho parenchgah. z3Brajgd Tl neag i nndy h
je f8ze onemocrAdsanTI ARDS,t §kdych akutn2 8§z
nej vygSy2b,T vsaj 2 cppSe clhaosdeerm ad os subakutn2 f §ze s
2010, Constantin2 0 1 7 ) . Efekti vi tra®hRM tsyepul ipd2 cdP bdo
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vgeobecnlD se ud8vsg§g§ vygg? u sekund8rnzch /
prim8rn2ch / pul mon8ln2chiplocemhQRipoat2Q@geaj)
formy ARDS ma | 2 vidDtg?2 ganci ma 1 fiedf ketkotriyv i jt $10 URMd o
transpul mon8l n?2 tl ak bRDhem RM, kdy typi cky
intraabdomingln2zm tlakem potSebuj2 viznamnt
2004) . Daolrgdamjfeak as pTsoben2 RM (Arnal 201:
Vzhledemkdi st ri buci kol apsu do dependehtaer®h |
se RM pr ovpsrd®nacniap(Spolvo zlea tnear §bl Sni2g ep)o, | onzeeb op Sv
posti gen? pl i cny? hop tpiam8elnnczh y jnpeo,| plk @y ®skktd yR M e
zkol abovan8 / nevzdugn8 | Bogde peéncacernten 2 Dhezni
Zcela z8sadn? na efektizpTgpomeedent menatn ®w
n8sl edn ®PEERIS tpov pgmio ReMd en ® al g2 veden2RMUPV. V
je nejen urluj2c2 pro dosagen? prim8rn2ho
plic a zI| epgoenmp?l ioaxnycgee npalciec aa hpermorg2emo w@pamirv
v pl2ci, ale8h2pne g®idoiuma k iRk &b harvknT)  sppSoejt € njlec

afterl oadu prav® komory.

VI astn?2 prolviedemdt RMej popi sov&no mnoha zpT:
Santos2015, Hodgson 2016, Constantin 201vig. Obr. 6.1. ¢ j | asav)§@d&® np r
popisova®techniky jsou :

1) Sustained Inflation technique(SIT RM)

2)sc hodovi t @odnayvldkg BEEPsk onst antn2m driving pr ¢
2009,Vi | Il agro8znad ®@)an® t ®F | ako st ani8sclaesden oRM
decremeh 8§ | n 2 hodnotyt tlakePEEP.

3)int er mi u edethfis? Nt g2 m ,¢g1Bml/kgpetném| / kg protekti vn?2
PIP do 40cmH20),t a k z mtermit®@nt sighs (Steimback 2009, Badet 2009).

4)technice SRM j e podobnmanr@wrz Juv 4 mie n RAME ,(Riva e b o
2009).

B\posl edn2 variant ou PCW¥i RMe cBrourigtense n2t 0 €86z T nveabnol
(Constantin 2008).
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Sustained Inflation PV tool

a) b)

Incremental PEEP

PCV - RM

e
* -

2 3 4 5
Time (min)

-
-
-

o+
=

Obr 8z eTkypby. Iproveden2 recruitment man®vr T

a) technika Susteinethf | at i on, b ) oolfRAMP ¢ A r isa rhtdainorerrentdl PEEPM
sn8sl ednou decPEERE)PCBRM, 2 (tmotdriafci2dkov8no dle Lim 2004)

6.2 Susained inflation

Technika Sustained inflatiq®-RM) jema n ®vr , 9&8ipéatps@®mh4esdnou d
sekundz v 1 g2 d khtaack cvh ¢ e6®¢m8HOhvrif& n4 & h variant §ch
atlakuvl i t er at uSe pmlg0sadsacndbroM,0fa4 B8 sec), tento
tlak je jednor8zovD aplikovsg8n, (PelcSidl®@dnnD | e
Tento typ RMmMT ge sn2git pl i cnit?z katl alboktadiby ,al pyremu
oxygenaci a zl epgi t respir adgnet Smaé h aanli vkeuo, |
derecruitmentu indukovan@®ma?20éIn.dotraches8l n2n
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Nej vt fotou eotoTtyt RM je relativnhD dlouhodob
intrapul mon8l n2ho t ldokaunat k¢ e®®u mgegem®stp
kdramati ck®mu vzestupu plicn2 hypertenze da
ve®stomlgh kv ®mn2zhpoucod thyyp tRRMi byl apkuka? fin |
pravostrannim sel 5&bom. nEsret d tvyms oRM g i zi k
(Pelosi 2010). Efekt toho RM mTge blt | enc
stechnikou PCVYRM je tato echnika i relair n D m®n N ef ekt i vn?2 na z
(lannuzzi 2010).

6.3 PVtool / RAMP

PSi tec®t ® recrui tmenpomano@®Pni m HmBEMUHObEee)m t | al
dos8§8§hne c21| 60c®H0), t kb&oul (p6 padp Jowd®ed){fd® do
an8sl ednh je postupbhdHiOdsec)ckbakr gahlosg€n
hladnuPEERU (nebo vygg2) a je obnovena pSedchoz
homogennhDj g2 distri buce ¢V apdiuocvhzudalwgdnpllni2cspoh ,u
S meng2m stresem plicn2ho par RMczhledemkp r ot i
meng2mu stSedn2mu tlaku v dichac2ch cest§c
kterl pr-BM bktugteo Sttechni kna GgmRIlpaora@9NDmi§ §g2p ki c
indukce remodelaceni gg2 exprese iMBNAI pJjok®Ii agef2009)
t ®t o techniky je ged,? cled kroavs8t alv®d rk2a i(migc 49l
PEERU, n8st upu JiaRApBRykidobausetrt8ind k un a lakupkl toevr@8m wvte d e
kvysok®mu intapul mon8l n2 mu t-RMakdur aana mi[f § B ® mu
hemodynami ck ®mu dopadu. QOhrakws kppfue t vriodigerd® u
0zSej mNDn2 |yubabiltyp ¢ i 8INA % or gjednodivh ¢ h y maRokuenat T
c2lov®m tbakemdofPde mkdnh, kter8 je ihned na
pS2mo i mBr$enaj eipgli On2 parenkbymbdbn®hose
opRNDtovn®ho .Pptaked®faNpaci enta m§ bidtalrgeécr ui
p®| e pSi umnil ® pBlI2ipamde, dwddtei | @$ii . dd/sagen?
kobj emov ®& vizmhrneld pl i ¢ n? t k8§ R kadiadntl a2 nem§ e
vzhledem knemodynampaldTm dem§ opakov§gn?2 RM opo:
n e g & cRiva 2009).
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P/V Tool

Start/Stop

Obr §zekVtbepZloveden?

A c2lovlicitHaB) 48oba trvgn2 c2lov®ho tl aku382D)s C)
objemovs§timBronaNiabjieMbe®m m&n®ceu se dynamicky vykre
ke kul ovang8 po proveden®m man®vr u

Objemm  2011-01-19 Objern  2010-10-25
ml 14:1927 ml 15:4654

2400 2400

1600

Paw
nH20

Obr 8§z ePNtodhtekd ut abi |l n2 potenci §I
A) objemovs8samna pedl dv®ho tlaku znal?2 recrpotabiln?
dosagendotclzalkouv,®hu pl 2ce bez recrutabiln2ho ponenci 8§l
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6.4 PCV-RM

PCV-RM (Pressure Control Ventilatioin Recruitment Maneuvgrje technikan Nk d y
oznal oveSigp $iaklot er ® j e z p ShedhatyREEPOcmvHONt i | ac
naPIP30cmHO) na definovanou dobu (sekundggag 30
hodnoty t ak, hognetytalePEER 25 tm HOnaRIP 4@ cm H20, nebo20

cm H20 / 40 cm H20 (Constantin 2008),nebo16 cm H20 / 45 cm H20 (lannuzzi 2010)
dechovou frekvdadml(n,RPo n®)raEgpridnss p11r2p ¢ m

Po uplynut2 doby man®vru se buN vrac?2 wvent.i
nebo mTge bsicth opdrobevicSrd&dmean t FEER. TatotteichnikagpoteS|

RM vedejakkvygg2 mu vzestupu o2Fipg aklevey@m@z n@pgesn
conpl i ance pl i cngbnstantm008)6ochymanti n prokg8zal
technik SIRM 40cm H20 / 40 sec proti PCVRM 20/40 cmH20nal 8 mi nut v i znanm
po 60 minut8ch od proveden®ho RM tivVvajp2c?
objem) (Constantin 2008).

lannuzzi srovng§vaiadle o idc-frdssre prodigem, R.Nplochou
podk Si wl&kowd T ¢ h a ¢ 2 kitviz. Oer.64 8 t© SIRM sparametry 45m H,0
na 40 sekund a PCRM s PEEP16 cm H20 aPIP 45cmH20 na 2 minuty.

50 50

J(]-......:’ |

/
301 3541-0--B-B--0-3-8-8-0-0-4-8-8-0--A-

204 —— 301t

2511}
10+ :
( (-
[ ““TH | , |

0 10 20 30 40 50 0 120

SI-RM : 45cm H20 na 40 sec. PCV-RM: PEEP 16, PIP 45, I:E 1:2, df 8/min, 120 sec

Obr §zeRor®.vh §n2 -RtiMe @ah-RPMR/ S|
Porovn§gn?2RMaPCHWRM, [kl Sdha pod kS{madufijkov@ratdkck&s&l annu
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PSi srovn8n?2 tNDcht o -RtMe cshing nki fhnylaag € tintdca/aviK e
oxygenace vzestup indexu pafFiO., vzestupcompliance plic (lannuzzi 2010).Se
zl epgen2m oxygenacendgghd® mgpbanck@emlicn:
kviznamn®mu sn2den? preaedoste? ansnexhicipal @t 2td es
redukc pr 8 c e pirvid. TaBulk&6almprotitomu technika SRM vedlakv Dt g 2 mu
pokl esu syst ®mov ®hhoo rtgl2a kiu ppood | RM eax hloklaa di og
par ametr T h exceotdcigynndex)i(l&npuzzi 2910).

Hemodynamic variables before and after recruitment maneuvers (RM).

Pre-RM SI group Post-SI RM group Pre-PCV RM Group Post-PCV RM
PaO, (mmHg) 86.3+23.7 105.2+31.5 88.2+20.2 157.6+ 61.5*
P/F (mmHg) 141.8+40.7 165.7+44.4 155+30.8 238.8+86.5*
PaCO, (mmHg) 58.0+3.2 62.0+1.3 55.042.1 5034
Crs 32.0+11.1 48.0+5.1 30.0+9.4 62.0+12.5*
Qs/Qrt (%) 28.4+5.8 23.5+ 3.2
C.I. (L/min) 3.31£0.9 2.0+0.8* 3.2+0.5 3.4£0.8
PAOP (mmHg) 21.4+2.5 28.4+2.70* 20.4+2.3 19.7+2.0*
MPAP (mmHg) 40.4+7.8 49.6+ 2.8 40.2£5.7 30.2+3.5*
PVRI (dyne - sec - m2/cm3) 460.5£64.0 848.6+£12.4 505.0+20.1 247.0£15.2
RVSWI (g - m/m?) 12.0+1.4 9.4+0.5 10.620.7 5.7+0.9
CVP (mmHg) 17.4£2.5 20.4£2.7 18.1+1.8 19.7+2
Sys/Dia (mmHg) 108.5£14.3/53.5+12.4 89+6.5%; 49.5+9.2 105.5+£15.5/58.2+10.4 106.5¢13.1; 55.7+10.3
HR (bpm) 85.1+15.4 84.3+14.3 86.0£10.5 84.5+13.1

Tabulka6.1Sr o v n BnkSFRMaBCVRM:S gni fi kantn?2 zlepgen2 (* P< 0.
a hemody npaami acmd tcrhRM: pP/B- p&O2/FIO2 index, Crss t a tcompliarge, Ck cardiac

index-i ndex sr del n2-puwmonalydrery ecclusienp@Rutel ak v zakl 2nhDn2z2 (t]
s 2 n2) ; mehhRpAlMonary artery pressure t S e d nplicnidi, IP\&RK - pWimonary vascular rezistence

index-i dex rezistence prighteentdcle strokd warkinget M, d eRV WIS ce pr av ®
CVP - central venous pressuwreent§ | n2  gi Il n2 t1 ak, Sy / -DakaHR- heartsateo | i ¢/ di
tepovsg§8 frekvence., (modifikov8&§no dle I annuzzi 2010)

Recruit ment ma m@tody PCGVRM bke8vzestypegnPBERUz pr ov 8d NI
Bores ve isv@Bsertgels 2006), tato studie svI mi
dal giicRhovzanT ch studi 2 PHARIHAIGson 204G Talcanti udy ,
2017).

BNDhem t®t o studie b y-RM40pnoHQnd d0csekodd@PAP)a p | i k ¢
sn§sl ednou i de rhodnotyPBERjakdbh owpridtmg |l tnlkPaku v dT ch
nad dol n2m i nfl exnt2lm lombojdéenmo v(@L IkPSi vky respir
n8sl ednhD bvuedeaavwvveegnRA@Y aze 2z 8§kl adak@PEBP25cmst av en
H20+qgp15cmH20na 4 minuty, ng§shawvdhde Ba 2s kno knaivt Iy
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PEEPVK r o ¢ 2 ¢ HH20+(35,3@,40,45),s postnipwnlammem na pTvodn
PEEP25cmHO. M®&xi m§| M2 PHE&MHOtt ak byl pSi snaze
recr ui t ment (Mapiinal ecrditmentdtr&eyy)d o s ama . vichol ovl
Pplat/PIP60 cm HOviz.Obr.6.5C2 | em strategi e maxi m8l n2ho r
hodnot pa@+ pCo >400 mmHg Po dosagen? tohoto 2621 e (
pacientT) byl a proseigddaoaihaioktakeRBERS po&dsan?
i2cmH08 4 minuty, uzav?2rac? tpdOatkpClr ¥ 880 i dent |
mmHg , ng&slednh ocownl pRM vieadmo toapndit, kter® bi
vedykdosagen2 maxi m8l n2ho rlexccreuiventenna. nd8bp
PEERU, tj. toho pSi kter®m bDipaOm pEQR tblce 2z TS
mmHg (Borges 2006)

.  Maximum Recruitment Strategy : PEEP titration
: 1
! 60 ¢
S : 55 !
Q :
+ 50 a. : AP = 15cm H,0
£ E : 1
S S 1 40 '
g 40 - 3
2 o [1,.8
8 s04{ 3
a @
> @
2 201 > —>—> '
< y Amin - 2min . 2min :
N 2min \
10 - ‘ ! |
| I |
1 ]
1 1
0- ﬂ | «——— Tpax= 20 min —_—
1 1 Time
r T T T T T | [ o
‘[r Complete CT T = Semi-complete CT

Obr §z ekr dv dhexriZmum Recrui t ment Strategy

Maximum Recruitmat Strategyma x i m81 n2 recr ulhi me 8t npPl pcov¥etdkdB8nBI R
cmHOna 40 sec, n8sl edrn OpenlLengApproaaitdeEEReend enrmal @A n2 m i nf |
bodem, wHdM®n-MROVedenT vzeshodnotyFERR/PIPRF/46 k $cm4L,0 § 2

mi nuty ag nacmh®dnmelyo 4&6d 6ddosagen?2 maxi m8| npath® r ecr ui
pCO>4 00 mmHg) , nNgsl edPEEPthyracer oe@ABBwEAO0 PEERU mi nuty
(modi fi kov8no dle Borges 2006)
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BNDhem -RRICYlo pokagd®m kr oku pir doevngtdilDfniok a€ ¥  snr
parenchymu, kterl zi6aVAdls|l zk&leanb st amli & Wwiyz 0
je jkosm8% ace mezi provzdugnBhDnou plicn? tk8n?2
a gsa@nifkat n 2  z mPD g Donr2o vdgldeg nGTf iik &knt n2 zmNDnND ox:
pacient T de&BEP2cmHzO/PIP HommHORh vi z . brl6é Nien®mID O

byl a identifikov8na nemade&f ilnHOsvtan@Pm@e i ematxT ,n
recruitmentudg | o ag na vr c ltroH0,vii.cbh6.T.BAkeé mht ®0o0 st |
byla popisovgna jen pSechodn§8 obhRhow® @aest.
g8dn® barotrauma vzni@drges200Bhem prov8dNDn®ho

500 . =
— % w E, ) PEEP = 5 cm,0
1
_ paan™ A 1 colapsed Area = 54.3%
A) : 30 min B) ( > x ;--"' | § cotapsed Mass = 69.2%

later

300 zkolabovany nevzdusny

parenchym

Arterial PO, (mmHg)
]
=5
i—b—o =*
—Q—

Nl PEEP = 19 con0
Y (oLa)

200

colapsed Area =21.9%
colapsed Mass = 36.8%

60

50 PEEP = 25 cnH0

after Pp = 55)

/| colapsed Area = 0.4%

30
, colapsed Mass = 0.9%

Percent mass of collapsed tissue

20 4 4
10 \,’L\__ i : 30 min
o NP PEEP = 23 onH,0
o = + (30 minutes later)
previousPeyy: 130 40 f40) 45 S0 55 60 %32 ¥ corapsed Area = 0.5%
{ )
uuuuuuu t PEEP 5 19 25 25 25 25 2 20 cotapsed Mass = 1.8%

Obr §zekorelbaca lbxlygpanwace

A)Kor el ace mezi mnogstv2m zkol abovan® p$eécsnizghnikfinka mt
z mNDn o REER25cm H,O / PIP 40cm H»O B) CT skeny na jednotli-vich hl
maxi m8l n2 recruit mentl adh omiami®rn8lmp2a dineo g&Tt,v 2z dke dosag
55cmHO0( modi fi kov8no dl e Borges 2006)
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% pacientl s maximalnim recruitmentem

0%

50% 1

40% A

30%

20% A

10% A

Perar: 40 45 50 55 60

vrcholovy tlak pfi které bylo dosaZzeno max. recruitmentu

Obr 8zeRoBl dien

2epolgdtéch vrcholovich tlakT
k dosagen? maxi m8mma&ihfoi keew§rud tdileemtBlor ges 2006)

65Sc h od o vi staircacR RM,
Tat o var i antian krreomemsitednlédmidstigmmodnoPEERPIP

m8&lvteratus$s

e mnoho variant,

typickim pS2kl

pi | fo§ BHARLAP studie Permissive Hypercapnia, Alveolar Recruitmdmw Airway

obdobng8 j e i v atzvi"ARTtria" (Hodgeon § d N n §
2011,Cavalcant2 0 1 7 ) . BNDhem PHARLAP
nastavena REEM20 ¢cmH#zOctgplycmelOt upni

Pressuresyiz. Obr. 6.8a

kdy bylana2ni nut y

n8sl edn NPEEPNan30 cnHiOy+ gp 15 cmH20 a
15cmH20, tj. naPIP 55¢cmH-0,

studi e byl u p:

p REERMa 40cm H20 + gp
s ¢ h od o vhodn@PEERDYIdpd eorv2&d P h e m

dos 8hlneopugt2 hemodyreamisdak@® i tl oIt ér Bpralcyil ean t par. o VN8BS
PEEPtitrace, kdy bylPEEPnastaven na 26mHOavk r oc2 ¢ h r-@8cnKH®v 8§ n o

§ 3 mPokleshoginotySpO2>2% bylpovagov 8n
p r o WEBPe4tcm 0 Ndpd5scm H0 RaM minutu a
hodnota tlakuPEEP bylan 8 s | e d n A na laodnbta ¥2¢5om H>O nad hodnotu

NE§sl ednhD byl

identifi kovan®ho
nepubli kovan®
bNgn® protektivn?2
kombi naREEPat |lianksupRiO2 @lviami®t a c 2
HOa ugit2m de cvhemikh BW, bezlRN evedT a

zwz a viterttedtw 2f i k ac

uzav?r a@rotbkolu ra Vv & X, udosuct(?Ho d g ¢
studi e pb gobu2 mip. Hodgson P018R Mrotip r o v §
ventil a( tnj2. keungsiatk?egiyivndl & ¢
v r RIFVRplate& 80cm h  t | a 'l

t a k tvertilaceevd e n §

pr Tbnrim®s i7gni f i k a ®mmuastumd x ®anime , u compliarse pligk
2 plicn2ho par en&rlytmui vi Tdéatn t maf ri kkex

ni ggp2osti gen
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-IL-8 a TNFU. Tvdkztn@&gnndRonmiul cukikrNg cReverilacebs8iyodin

versus 341 hoding k r 8&¢@®emy pobytu na | CU z(kO9r.8uoeyn?er s u
pobytu vnemocni ce ( 17. 9(Hodgson 20l% Tyt® 4 0 Z chRd mepyly
statisticky signifi kantkno?ntprod hotve RIHARLAPO| et |
vhDtvi). BRhem RMSenmm®dnm & Hymdrok&pnii a pSec
kg § d n ®&4 pharatraumatu (Hodgson 2011)

60

50

1 min
3 min _ﬂ

3 min

40
Paw
30

20

o Jatz

Time

Obr §zeRM6a8Bnal ovanl jako Staircase RM
provg&§dnNnl bRNRhem PHARL APPEERUma20y30a® +15cmidoRutyotv® esrt anp§ d N
PEEPt i t race, d2afcmeE®mesn tFrhinMuty (modi fi kov8no dl e Hodgs

6.6 ART trial (Alveolar Recruitment for ARDS Trial)

Studie ART trialv y ¢ ha&zels |l i bnTch visl edT amH8dgsbrah oz 2 ¢ |
(Borges 2006, Hodgson 2011)adglr i m8 r n N kon cedpemidk daatr g@ini s
a benefit RM a etablovat RM jako soul 8st opr
BNheém@t o bsytlu dui ep aARDSesmdeXem pa®FiO2<200mmHgp r ov 8d D n
recruitmentma n ® vir alg ivmu deehowuf s e k v e n c 2v  1psd mB chaud hu
inspiiumnax e k u n d y ; exspiriurd 2sekundgp o st bylflakPve d&n § 1mi n
z hodnotPEEP25cm H2O na PIP 4&mH20, n § s | PEEP30TmM IH-@ naPIP 45cm

HOa n8sl ednD maPEEP83cm tbO naiPIR &0tcmH20. CellT schodo
RM byly 3 kriN&§yl &€ddnDmb yitcaéetauPEERPKdy Rar3aminuty
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byl nastaverPEEPNa 23, potom na 2@Q,7,14,11 cm HO, kdy PIP tlak nebyl def n o v § n ,
protogeEEBPDOhemace byl a pougita oobjgmembND defi
na kgPBW (RredictedBody Weight) hmotnosti pacientd® S i n $EHPt@racnb@ pro

opt i PEEPavélenahodnotp Si kt er ® b yrh&l coldplianegles@on ma X |
H:O. N8sl edoval novIl RREER3cmHONPIRSD¢mMHO0kpdlk o v N

s DF 15/ mibyl an&shedndce vheodenREER Kt bylapt i m§ |
identifikov§gn pSi titraci . Kont protdknizv ng k u p
ventilace dle ARDS net protokolk o n s e k ut i REEP/ FiO2 \izu Takutka 2.+
PIP/Pplak30 cm H2O, Vt 6mi/kg IBW, bez RM. ZmNDna protokolwu b |
zma x i m8 | nPEEMP4S5dmIH£0E 60cm HO PIP naPEEP35 cm H20 naPIP 50

cm H20 viz. Obr. 6.97 B) byla provedena od.6nN s 201% po 556. pacientovi, po 3.
pS2padu srdel naplziSkaad yt slphdepPo@BdRVMn T € h
Studie nep%eé nelsomgedmenesna gi l a polet dnT na
sapl i RMaévd Tsl edku vzniklTch pneumot-denna%T a

ab6ti mNDs 2 lam?2 pracrH tealt & p IvidekkdMapalting Group for ART trial,
2017)
Lung
A) - _— B) ! rec‘ruitmfm
g0  recruitment PEEP titration recruitment 60

L A L

[

4

r T 1

AP=15cmH,0

50 50

AP=15cmH,0

40 40

30 30

20 20

ventilation with
14 optimal PEEP
11

Airway pressure (cmH,0)

10

O3113-1567Bﬁ13111213“151617181520212225

Time (minutes)

Obr 8z eAkRTo .t9r i al
A) Pr TbDh sc REERZ¥qptlS®rhldO, WM, 0c2 ch zvygovs8§no &8 1 minuta

H.0, n § s | REARYivaae sa e g PEERRZ23, na 20, 17, 14, 1dmH,08 3 mi nut vy B) i n
pTvodmaiasmaxii m§ | nPHEBEP45tmMHaOyp 15 cmH0 /. PIP=60cmHOby |l a bDhem

studiemodif k ov8na na A) ARMmekstigaiond Gavadcato201@ BWiting Group for ART
trial, 2017)
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7Ani m8I|I nyARDHA e |

Zv2Sec?, ani m8l n2 | modely poskytuj? mo s t
Hypot ®zy zalogpa®omav &ddmh chkdledhu bTt pS2mo
model ech. PmapopobemPi VRdsk®ho ARDS by zv?2§
akutn?2 porikapnt8&ah¥emkbmbr8ny, epiteli8ln2ct
spolu s akutemé¢NRaEBNNVIides&l mdm p S2 pyavd’l] ebty vs €
pr TbNDhu jasnhD defino(®n®hadadbp0ode6pot® blt st
Jedn2m z nejobt2gnhDjg2ch aspektT model ov §&n

mechani smy zuditegr pdsidcingrhpmp afreaapgdh. bronchoj

nebosepe) a z8&roveR mohou blt n8sl edniD ovliwvr
potencioOc®t 8haNVMI2016) .
Khodnocen?2 novich | ® ebnlch strategi? pro

t Siolbogi ck® model y exper ieame-nzng? ni2nhjoe kACRED Sk y Se

(model OAI ), model aplikace endotoxinu, |ip
surfaktantu (modelL AV ) . Gg&dnl s&§m o sobhN nevytv§gs?
napodoj 2 c2 vl astnost.i skut élch®rx pARDSeat DN §

je relevantn2 pro omezen® aspBellod08).zn&ml ch Kk

7.1Model OAI

Mo d el kyseliny olejov® byl poprv®Tsgdwenut ,
embolizac?2 tukT, pmetodpe gR wealNij gad omasjitonwvd
embolech (Schuster 1994, Ballscdr of t 2012) . Model OAIl se obyv
intravenozn? i nf uz?2 Oleid Acjddnje@ionkdoscet r By n2( Ot |
centr8ln2zm giln2m akna8 ®d §wewkmiO DO N&GI PHO&Y, k
dTkl adnnD pri®mMm2 cnhl § nfay zsi o1 gi ck®ho roztoku a
pumpou biBhmeimttak @by se dos8&hl o pognadkbteearn ® h
studi2ch je pougitahysei o3 8tH8vkaedmdl|l mhkiRb
aplikaci d8vky ag O0,&rmfFtkg@O0(CBR)ose HA0B8B@B hnBz:

poranhin? plic. Pogkozen? me mbr 8ny ®z pnfTas o b e
bi ol ogick® membr&§ny aepS&Eimoad boRkgi hoajpr ol
plic pSi tomto modelu. Podobnh jako klinic

pogkozen?2 plic, kter® je morfol ggiozln2metpéer
ag po oblasti tRNga®hok@PogkilBzen? . r Mo®f D8z i [
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kyselinou olejovou se objevuj? bNDhem nNDkol
endotelovich bunhNk n8sledovanouk netkou zooyp Bl
jejich oddhRDlen2m pd Baagl B2 chhodmermb rpSn ,e x p o z
doch8z2 k z8vagn® kapil 8rn2z kongescGrofta i nt e
2012)

Hemodynamick8 odezva na [ 8fusi tRykeli hypok
progreduj ei Wddhkead inmMk oNej | astDj g2 kompl i kac?2
plicn2 hypertenzeplsiec n2v Itgeepmidm at |karkietm cvky z v
rezistenc?2, ktaek ® nmdTngue r pr@asv®anua gs rkd el n2 mu s €
arteriaklun2ah s rtdlel n2ho vIidej (alard@noftged2)v ®st a

7.2Model LPS

Sepse je nejlasthNjg2 pS2]linou sekund8§8rn2ho
sepse indukovma®hox IARD/S ljiepepol ysacharid (L
vnhNDj g2 membr 8ny gr amne g a Kindukti’ARDS u prasktifje rai 2 . L
ovc?2 je obvykulktexyrhadlbv&mni @ Escherichia co
100 ug/ ky IRP3I mM§é¢adm2m fyziologick®m roztoku

pTlI hodiny ag nRkol i kGr ohfotd i2n0 I( 2WammgD 2p0s0TBS e $Boa
extr®mnnD vysok® d8vky endotoxinu (1,1 mg

vzhledem k jejich tolemci na endotoxifBallard-Croft 2012).

Nejviznamnnj g?2 mor f ol ogi ckou z mDmleeolo model
kapil 8rn2m imdmebrs§nyia doprovg8§zen® kongesc?
ed®me m, kterT zpTsobujdealzges 2zIlmemn2o ua |ljvee od r8ar nma
polet alveol 8rn2ch makrof 8gT. Tepitkoupmodel |
septickoucirkulai , s pol 8§teln2m zvigen2m srdeln2ho
ng§sledovanTm viraznTamlpno kv esesnt &@modvIes | veadskkuu |
Tento mo d e | ALI / ARDS mTge doprTswdzeent§ tpd k G
vazokonstrilkcag8 rLIPkKSt emo@ evli znamn® nevlhody,

a mohou blt kontaminovgng pakleii laka miri BI
Vivoj stabiln2ho poranin2 plic t @AméBello i nfuz
2008, Wang 2008)
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7.3Model LAV

Model | av g e c fyziologickim roztokem byl Vy
pozorovs8n2z2j,e gsepoARMS s deplec? surfaktantu,
povrchova® wapiNéch a sn2genl masodlomnteht paot mi
v bronchoal veo(Lfmmarnl1l98@ v 8§gi ( BAL)

Mechani smus pogkozen2 mpliiyzciopalgoc&dimmrvoizpl
koncentraci surfaktantua | veol ech, mRDn2 al veol 8rn2 povrctlt
kol aps apravydpjoeobnost mechani ck®ho pogko
opakovanTch cykl T alvbBhé&mnabsl edte®@SemBl ® p
Depl ece surfaktantu vede Wylpwlrald®nzv 28 wvelou t&
bohat ®kowai by do al veol u. Vyznaluje se zvl g
pol ymorfonukl|l e8rndoh aheeot gf iil Tdo( PIMNt)er st i c
dysregul ac?2 jejich aktivace, axfiBegdah psod
tvorbouly al i nov T ch meBello2098) Wand/Dda8u t e

Akutn2 morfologick® zmRny LIAV snkoldne | AuR DvSy kjaaz
perivaskul 8rn2 ede®em§ b §sl 2dam@tmpd @ tn®a&, ak z h c
vi mypnl ynT. -kAmlpwd &me mbr §na se st8&vs§ ztlugtDnhDIl§
alveoll.§rympuuhopodl ®haj 2 nenkr  zleRkRuzsoad mdo ahak
m2ry nedotl| eny. Na rozd?z2]| od morfologie pl
zv2Sec?2ho médel vipoamn® pogkozen?2 endot hel
viplachy kombi novan® se psltircant?2e gv & n tnielpacoet e
viznamn® pogkozen?2 e-Gofo20lRel u kapil §ry (Ball
Protokoly viplachu sutudkeantuzselraaPoBchi
ALI / ARDS. Viplach plic se bRgnN padkg)s§dz2 u
ohS&§tTm fyziol ogi39k TAC)r oszatnooktenmi m( 3n7ebo s n?2 z
detergentu, nap$S. 0,2 nebol g®, 5i%n apkS2ipvraacvik u:
(Kobayashi 1996, Muwspc hn nZj0vopdp)lo & Dz ez vieaS &zt § dve ¢ h
opakovanl -BDpmadtkgldekutiny na cyklus, dok
poraniBDn2 plic (Wang 20 0Ruchs20@5t Zck 2006) Bellar@irie8 , K
Bl ack 2007). Aby se dos§hl o hnokotgeerd nczhb bs tsut
(Musch 2004, Bell ardine Black 2p0dpalpodi do
supi nn? pol ohy a zphRt 2meav® vd er archy? Kir ii a
nastavena jakbodnotgpaC; / FiO2 <100mmHg(Wang 2008).

50



MUDT . Mi c hal Ot §Babmechanicki model interakce obRhu

HI avn2 uviLA&¥donodel u je to, §Jge poskytuje ioc
rTznTch ventil al n2 chi pejtkroapeige A2 X koSuropv d e n
ventilac?2, protoge k pmkgzkvoozl eenn?2o ut kv8ennflak d oacl n& z
i degpudrefcakt antu vIpl ach eBalafdCmoft 2012)Ngivd kiord oruo z
tohoto modelu je rel at i-Qroftftk012, Klodh 2080, Wamy er z i L
2008), cog lin2 tento model nevhodnTm pro
patofyziolayii ARDS. (BallardCroft 2012).

74Met oda ani m8I n2ho model u ARDS

Pro nemognost a nedostupnost extlengnambho
pr Tt @&akotickou tepnou j s me Ve s MUDru Mi &8 ail S8Mjlelnk e m
zFyzi ol ogi ck®ho i¥sulaiv uv Ila sLtFn 2U Kmosrdyevl( Ot ABVh,a Ik t e

2016).

Vgecehny pokusy na zv2Satech byly pramgdiDny
Fyziologick®m %stavu 1. | ®kaSsk® ¥Z&kkaureny Un
| . 246/ 1909Rr aSbnN ,zv® St proti tTr&n2.oV prT
ARDS 35 prasel?2ch samic praseteotShsmosaoaonst:
48 kg 356 0 kg). Zv2Sata byla premedi kov&na mi
(Narketan 100)vd &82 0 mg/ kg i . m. Zv2Sata byla n§sl e

z8dech na vyhS$S2van® podlogce, tepprase@8 byl a
39 A C). Po kanyl aci ugn?2 g2ly byla indukce
2% i . v.dnad) m§sdlae z v 2 radi a az dkiadtyu Boouv SsnBnvebn et o u
mm) a napojena na ventil 8tor Ha@Vv T ¢ ams k&5) .
Anest ®zie byla wudrgov8§na jako TIVA (tot8ln
propofolu 2% (8-10 mg/kg/hi.v.) v kombinaci s morfinem %o (0,20,2 mg/kg/hi.v.) a
midazolamem (5 mg/hv.) . Myorel axace byl a baudy?d n@iv.8na pi
kagdTl ch 45 mi n) . Po Yav 0 dn 2 i ntraven-zn?
n8§sl edov8la2konfume fyzi ol ogds@nl/®proodospera * o k u
a udr gen? CVP (centr 8l n2 ven- z ngparind (308 ) 6 a
IlUkg/hiv) byl a pougita k prevenci srg8gen2 v Kk:
mmHgbyludr govs8&8n konti nu8l AG6ugkg/minz)2 norepinefr
Ng§sl ednhD byly kanylov8ny ven-zn? ra8l afher.

ven-zn2ho t| afkeumo(r@GVMHA,s)vi a [w.ku vjugpldris) an 2 t e
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pS2m®ho eNS&hA2matkrevn2ho tlaku (ABP, a.
vit 8l n2ch f unk AR, &CQGhylo pkasdeleno rBopitOrem BSMLIFE

SCOPE (Nikoh KohderiTokio, Japonsko)Flow varteria carotib y | o mhRSeno sys
Transient time ultrasoundperivascular system (Transonic TS403 console, PSB probe,
Transonc, USA)Ar t er i 81 n2 krevn?2 pl ynyoxidull i Ipiatr@h & |
(paCQ) a pH, byly kontinu§8lnh mNRSeny pomoc?2
Japonsko) . Vry eectifacefv | p & n ® m&isRERR Pmean PIR) byly
z2sk&mewynwtiel 8t oru Hamilton G5 (Hamilton Medi

s gn8ly byly zaznamen8ny synchronnhD pomoc?

UK).
Pro indukciARPSBi m§rm2 hpougito n8mi VYVinut
vwch8zeljAVc2mozdel u, kdgppgksoneanpehgidyk!l T vIip
nei ontestvedrngednt em Triton X100 (T8787 Sigma A
roztoku na koncentraci 0,03% (Triton 0,45w1500 ml0,% NaCl , objem v I pl
42mikg). (Q §hal 2016)

Kagdl cyklus zahrnoval dva n8§sl edim@n vzl pl a
dichac2ch cest. Doba trvsg&n2 viplachu-byla
oxygenaci $i02100%po dobu 5 minut. Z2skanlTedvnlTp laa cphoo
2i3 cykl ech mn| typi ckou sviDtl e rTgovou b a
hemodynamick8 a ventilaln?2 stabilizace po d

vazopimegnefinudez! ovich hodnot MAP. UmMIE plic
vedena v e g i mu Adapti vn? podpTrns§ ventil ace (
nasavenana 18% hodnot y t DIPEEPH @& HHOnB®2n® sdbo 0,5 pro

udr e p20%.p Vi pl acedbPl en&st. oppadRG&po, doku
stab | i zaci nezTst al PEBREECMHOtlpatrametl 09 pBHk ®hc
( Ot goLg.1 2
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¥ 1400 /s
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8Bi omechanickl model

8.1 Plicn?2 hemodynamika

Pro popis plicn2 hemodynamvskyys tb®nu pporuagvi8 | ng
zahrnuj 2 ckRAppravgukomosi R, proudNn?2 krvengl 2cer
arteri-PA a pliRVm2z g20lyr . 8.1, vlietnhD rozs8hl ®h
al veol T vVvRrzo Qbjre d nBo. d2uegdepnozk | b§uddaet me ¢gpeS pl i cn2z |
chovat wuni for mnD | &képdola®é aOw.28 zona 2, Vi z.

Mechanicka ventilace:
L PEEP, PIP/Pplat, Vt, RR, C, R

‘02 COZ

Chest,
thorax

Tl

ALVEOLI

l 3
@ 2 LUNGS
‘ . — Branice (Diagraphm)
|

| cvp
| HR, IBP, CO
IVC+SVC
‘ Carotic flow

4 SYSTEM

h RR:N€ a S nj Sdath:
RAC right atrium PEER, positive end expiration pressure
RV¢ right ventricle PIP/ Pplateau t S| | oy présBuney plateau pressur
PAC pulmonary artery RR- respiratory rate
PV¢ pulmonary vein Vt ¢ tidal volume
LAC left atrium C¢ compliance
LV¢ left ventricle R¢ rezistence
Aoc aorta IBP¢ invasive blood pressure
IVC+SV€inferior +superior vena cava COQ¢ cardiac output, HR heart rate,

CVP- central venous pressure

PAPC pulmonary artery pressure

Carotic flow

ObgzekSd&®ma model u simuluj2c2ho interakci kardi ovasku

umBDI ® plicn2 ventilace
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PSedpéhb&®ed wrewd? el astickimi trubicemi pro
pr TSAxty ve xsxmiprroudNn2 je jednorozmhDrn®, p S
vpr TbNDhu ( Mhech§h2 ROAGRjze integrg&ln2 a vyjads

vgech plicn2ch kapil §r, JeztGbnd2mi okysl il ovan
Axt)= a A(x?Y (8.1)
c=capilary

0, co,

\l t/ / sténa alveolu

plicni venuly

». — plicnfarterioly ~— erytrocyt

eliminace CO, -

navazani0, ——

__ plicni venuly

\\ Vs s v wewa W
~ kapilarni recisté

Obr §zePkar8en2chym plic za fyziologick®ho stavu
husagi k§rn2 s2S kohemkal adehBEnPhkaan® | sou

Krev je povagov§n aou ®kutinmabdthlean iptreolcneossuu vdal zckh
spojithN pSich8mnét rychdolssz &tr v eSawdt)aap ijle§r2gct
tlak p,= p(xt.Tlakvk api | §r8§ch je pSiblignnhD roven 7mi
dTegi t ® pmrnTotgos|tnv 2

m=rv_A~0.1225 [kg/s (8.2)

prTmRrn® hodnot y=1A52s1068kgyh. kr ve | sou
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Ob&z&8k Bl.veiodrusudiDn?2 krve
St Sedn?2 rychl ostlakik aspei |v§ thivalkiedlgBhrp§ c h v

8.2 Bilance krve vpli ¢ 2 ¢ h

V plic?2cnil krjed9%4 5c0el kov ®ho , optohoesendOmlk r ma§ h § z 2
vkapil 8r 8ch. Toto mnogstv2 odpov?2dBehepSi bl i
2012)Z8kon zachov&nadaDmab@mt mal Rmvehswkpus i ircov
8.3 (Marg2k 2014)

PPAL P g (8.3)
Mt K

Soust $dd2smee j,eeni ohlypadrrale2 he enBjfak|l nt T reemidr
nech8 odmadgsesuvkapirlv@r &clfjdcm]+0.07dcnhsalged, a
rychlostv.=pR®.udimév pgllist 8% §h vicasdeher018)ch 0
BNDhem t&tvoymPdbpSes sthNDny.Cadpid §Z8&lpdynygaclva

cel kov®ho mnogstv?2 kinteger SnhTh¢eme vfaorumul ovat i

%:mn -m,, Ppro M EFAL (8.4)

kieMje cel kov® mnogstnym,kseoe pr kKaplih8r@cdgat

a na vI.Lbrugplu, Vvi z
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Ot §Babmechanicki model

MUDT . Mi c hal

MNormalni

hodnota
35 , /
30 |II /
25 |'I /

o .
E n [

= {
2 15 ¥

L]

[ A

g /

= 10

[# )

o

= 5

(%]

i=

0 T T T T 1
8 12 16 20 24

Srdecnivydej |/min

Obg§z8kBlLak &rwvermonmBvssbonstpir Tntao kjue j 2

8.3 Bilance hybnostikrve vp | i ¢ 2 ¢ h
pkapi |l pr8atdnNnoOdpk o vSepljiegutdl?ne 2

NejviRDtg2z odpor
hybnost.i

vyj 8§dSen z8konem bilance

j e
(8.5)

pm 2mm 4 . M 0A . e AT
utrApslgorAzg_xu i PO G rA

rychlgeitd, pasenguvegl asts

Zavedlijsmechark t er i st i ckou
kr evine2. STealtiogt e ldielfionramunahG,azuj e

se
olKj emovou

rychl e
stlalitelnost

popS2padhD jeho
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Pl at 2
26
Cg:ALDp -V é kde ¢ ¥ gﬂ SK v_p —V[;J/n?:Pa
rbv y & r 1) eJ u V) C

(8.6)

Obj emov § stlalitmanesi §ljTe Svpirboe m& angaoraT. st § a
transpul mon §pOneo btj leanko v86 plichrabl 2 e 260 orfs BM,

neboli 10-20 kPa(Lai-Fook 2000)S my k o v 1 /e d w | r-452cmEQ@, 3. 05

15k Pa. Za pSedpokladu, ge lze pl2ce povago:
typu (line8rn2 z8vi slme turnlaiptDtj2akn EWtakierf T vma
Poissonovu konstants pod | e (WBztdaHTka 2000)

OKm K-2m
_ s =

= , =2 (8.7)
3K +m 2(2K + 1)

Tud? ¢ Ynwoduhjevipxsahu (0-5,0 kPa a Poissonova konstanta j@ & o ,b, tedy0
bl 2 zko n e,k D@.|86.t el nos

8.4 I nterakce alveol a kapil §r

Z8§sadn?2 v lazemmeantlake® krve&w api | SrnBml,bgech2 mnal 2n
p.a vnhDj g2l it ¢ adkde M) &l zp.allalekrvé se phybujevhodnot §c h
7-25 mmHg, tj. (©3-3,325) kPa, vizObr. 8.4. Tlak vzduchu wp | icltatvéolechpa, tzv.

i ntraallakgeplIS§r n8 d éncpAge ak at nPSiIfWRIriierkll st Sedn
alveolje 02 mm. Elasticitk apv iy 68dS2 macj akeziet kabhy | §viyi t

A a4,

RN VB 8hE(p,)
P. - Pa _B( pa)g;%'a_b gllé B 3(a+ b) (88)

kde B(p,) aa j sou materi 8l ov® np akraapmdl tiSrcy? cvb ®\van 2 scal
sparametry rovnici(8.7. Jsou znalabM viagdi wirdweslynag pSi

PSedpd68kke§ d&aptill &k SwrmNrs2e. p$a IgrgowndkNn2 v kapi
vliiv elasticita okol n?2 t k8 nMNel(asttivnnyz ma p &«

at mosf ®ri ckl t &mdojetlaknp| iucvzacgho vps$hi fyzhol ogi c
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vDt ginou z8por migdeRlhat p AIn@dtmeak2pSie nigg
videph(Expiral n2p),<p.tdd (Pdzg.hodnotyoboutlakTj sou z 8§porn
| 2 s Vzhlgdemkt omu, ge el astiravdBpptdobnh nh&BnNnhNggt
pe=0) prTSez kapil §r pSi giz.Or®MVivS dedhemojpdt
pSi videcbndi B8)slag®lTe KkrapSeAm2rnhD sn2 2. Ni
dichg&n2 se periodicky mhRDn2 prTSezy kapil &t
proud2c?2 krakuanap pwias/sRu pgkuo nzsslowy p SiJi dT emh §n2

pl 2 ceamve. k

p.

Ob§z8kSc he ma kmlpiid®aly v

Jak bude ukSpEno2d8lkakhg®ale if/BAKLcpodl Seazst §v §
pSetp,aki, PEEP. Zploagh? §o- O.KomRmps z8vis2 na
konstE@pt Nt ougSce hgtePrrymik agpeiolmgrty i ckT mi  r ozn

velikost parametrB(p,) , viz. (8.8).

8.5 El asti cikads lach meltiry |

Kest anoven? efektiwvn? plicn? ventil ace | e

parametru B(p,) v p o d (B8)nTtake PEEP (Positive End Expirgon Pressure- tlak
pSi Ksoumlve®lyo t e v G e k ®p ibynBXxi@acdikrev,by mnRDI blTt vgdy
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neg je nhDjak Tpa’maxu z avvi 2zr acBIP @edkadiisbiatkry Pressyre

maxi m§8l n2 tl| ak, okitkenrolum as e agli v eSa lyympngesfv b o d
poomezenoudobuvoe N, po K®. sit anypy @&B(P,) wyau ginjeeemeu Yo un g

modul E(p,), viz. Obr.8.6

h 8
0.71E(p,) pro =—
b) 30
B(p)[Pd == 0 _E(p) = @+ (8.9
3 b) 2.66E(p,) pro h _15
' s (a+b) 15

Velikost parametruB(p,) ve vztahu8.8)z § vi s2 ickhlclyeomemBi ech ka
StNny kapil §r mahvr cpzroetdPn 08mu J e@p gk Pmemynr
prTmRr erytrowecymaédz2chki er, 1 t j3@c nv, .rQbor2%e @R. 6

85. Vgechny tyto vejle |t Siggbjgistul i tnaddi zve edzu2§nh nu?\
hodnotP S2 m§ mNSen2 el astickl ch apgregmecthr Tsillindosul
na tlaku valeokch PSedpok | adeJom i e®tv® ce vyhovuje kvac
Hodnoty z2skan® béxt rpapoolvayxsokn® hpliet | aky pr
PSedpok!| §d&me, §e QdBjie keklliza @ 2ecehp un)a da 4e0 acsmH ¢ k
nebude d8l e zvygovat.

Stanovz2amreet rpyashtiupu el ast@5 k ® Buwldreynep pdSlead pw X
kapi?2l §pom&vi s?2 phpodedvitahi u

aaAbd 2 .
paﬂg)ggep—bqlapsedpoklwmng (8.10)

tedy nez8§vis2 expl i ciaveoddhorvd i pvrRug eez wp.r TNSaeozp akke

vztahu

J-o:of

P.(A=p -B(p)e (8.11)

Y
o
e )
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3.5 T T

|

h/(a+b)=5/20
a=4, pc=15 mmHg

w
T

M
w
T

Capillary cross section ratio A/AO [
N

: p,=p,
1.5 : B
2
SN

1 = |
05 1 1 | | 1

-10 0 10 20 30 40 50

Pulmonary pressure P, [cmHQO]
Obg§z®&8kYongTv modul I idskTch plic

interpol ace a e x(tarFagk20D0Acper oexxipnearci emejnet Tplo tAGHA)cmEBO n§ j en

E=a+b pi
400 T T \

Data
o Fitted
350 1

20 years,
320:0_892, b20:0_13 |

300

250

200 -
60 years,
a,,=9-815, b, =0.1498

150

Young modulus E cmHQO

40 years,

100 - 4 _ |
84777, b,,=0.1242 |

Data: Lai-Fook, Hyatt:

- J. Appl. Physiol. 89, 2000

L | | |
-20 -10 0 10 20 30 40 50
Transpulmonary pressure P, cmH20

Obrg z 8kPr TSez kapvi §lpgusl o Andaku
viz vztah(8.8).
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Za tNchto pSedpokl ad T j@5roynahl ost postupu e

o ~ é o a ’“’ﬂ
. & A 2 TR SH R
o a1
aB aA O
o ) (pa)ar 0 (8.12)
aup, 8: A chA +
CHA F %A G . @B(p)
l+ex— -1
gh = MR

Ve vztahu(8.11)j s me ivpySuegdiplok | adkapigle§ Stel arka vpr TSez
nez8vogkPivBevEn mouRe Wprakwel (BMugdpsmév E§me

konelnl tvar pro rychlost elastick® vlny
oAl 8p o _aARp AT
o-— & &, 07 T
r = Iy
(;upa G' Aapc '% (813)
aA o

Tlak valveokch p, j e promRDnnl a okbhpvREjB8clprdetionm
prTSezu. KoefB(g)ijeenti ndde fvoirdnuaSclen 2 aebpfitovgt ar a me
experimentem. Jak plyne ze vztaf@l8)bude se p o(m,mg)a zpmeTnSgeozvlat p S

deformaci A/ A <1 jen proa >1, viz. Obr. 8.7.

Rozhoduj2c2?2 je znam®nko virazu
p.- p. -B(p) @ ..pulsace bez uzve n 2 k (8.14)
p.-p. B & ...mogerd®UK (8.15)
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8.6 PrTtok kapil 8r ami

Odpor proud2c?2 krenstrukirbapijlg§bevinetSpTseh NDn
zSejmhN i hviGkholzEdmeume nynadp | gpiSTe s amesrmpborr & ruu | k&a
a soustSed2me se pouzes8wvd spr PptSekd ekvrgen nTaernt
navi s k,ozjiegjf? § hoAl® ot at skea HiSHS BBvh SHWWL 1. ag

pohybujew 0z me z35)10°P a5 s . Jej?2 velikosH z8visz2 s
h= Rl 1.03H $1.H* ) |[cF (8.16)
kde /1,..° 1.8 cP=1.8Q08 Pa (1 cRcentipoise=10 Pa s).

Odpor projgae&2cyjdbS@&pnd | pnatd® r s YH5H kae

O:pﬂlz(a2+b2)je vnitSn2 obvod kapil 8§ry. poSmykoyv

velikosti,
8 1/2 a’+b?) im
[:ﬁﬂ:ﬂ Ot e ( ) eN (8.17)

"o r(a ) A " fa B A Em

ktkerT mus2 bit pSekong&n tlakovim sp&§dem. Pr
pSibl2gen2a Poiouewiblleovkr uhoB®thiol pa TSe&ad)g | ¢
sjistlm pSzhlederda Feorz2mMr Tm erytrocytT (v mezn?

rozmRDry spoim8temn®apil 8r). Nav2c, jak se u
kapil 8t wypelltlo&kss rozhoduj ?2c?. DTl egi t8 je |
MRrnT odpor k&p7jes&rn2ho Seligth
A ab
OtW :E( Bo,out ™ P in) !gL_( Poou Py in) (818)

Rychlosn?2 preud®nl ch pgrivima&h (RBE)I &r §ch ne
nicm®nnN, jejich rmohkosichyhasvamhD&ehah vkar
dosahuj e vpy203tildsmnmis(Unekawaa2010). Budemel i pSedpokl! §
podobnou rychlostiy | i cn2ch kapil §r 8§ch n@B2ypernieS eszt avngoevci
kap(8Il1)8r
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01225 0.1225
rv 1.05(16 £03 1®

c

A 0574 i 574 dcik (8.19)

Tedy plocBax28Scimli g@Bpov2daj2c?2 stSedn? d®I
L =1,3 derr. Vzhledem kvelikosti alveoT ( pr T mRr n §0,2v emhni kao sptSij enadec
se zvDNDtguj3e)dcn e ouxdObK&2.j2e wzfahu8.18)mT geme st anov

veli kost tSec?2 s2]|y

_5.74(10? (
1.310"

mo2oea 8.810 & (8.20)
m

pb.out:O

Ot =2 ( P Phs) Pun P
Pro d®| ki=l,Xdempjid §s21 a rovna 110 Napilsk Sic hr yc't
v,=203mm/sdost §v8&me pro vikon koWes0d8W.r a@®ho s
je pSikbl vikBnuOprav®ho srdce pSi fyziologic
Pozn8§Inke:uvagovang d®l lpa TBagiul 81y ojadr (Gl)zetd andls n
Nesoud®IsRos Lk.apkitle8rr8 odr §g2 jejdtheglobgutpuc
plynT, B8B8%. vztah

8.7 Stabilpltiac nprrno ukdalpni2l §rn2m Sel i gt Dm

Analyzujeme stabilitu rovnice bilance hmotnosti kri@3) a bi | anci j ej 2
(rovnovi@haa svlige uvedenlTch podkmemékh Gdldamt
parametruB(p,), t eidyj apkSBark u vzduchu pSi plicn2 vel
kapi |l 8r ami us t aélzkoatuje knul@ VyjdSneezh okraopgielngnrz ch r o
(8.3)a(83), kter® maj? tvar

E;+r L)
M K
(8.21)
R og Mg b2 Mg
it M XM r X rA
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Kvalitativn?2 Segreme ttRdlo, spe sjtiawwuldtarimadjl d kn@
referen!nr?hm,otj.;ﬁamrgarybmbudeme povagovat za kon
pSedpokl| §démMaer g&dkt2atu

mxt)=m +m( X}, AXY =A Aix) (8.22)

kde mi(xt), A(k)j sou poruchy pvItal pPAbomn®fe prTS
soustavu rovnic pro poruchy
ﬁ+r'1£ I:O

H M | (8.23)
@+b—IA o B &
TR XM

Nal ezneme txeOktpoweds, k Skitvekry® charaktefistik§ipma nicljy | s o u
poruchymi(x ), A(k9konstantn2, tud?2g
dx Mt dx pd x

cmie(x ) _pmi ot m i
dx gt d x pd x

&
(8.24)
&

HI ed&me nenul ov @.29¢8p4)p? o | tyﬁS%%%a-%h@

Nenul ov® Segen?2 xtilscthotvoatr o vennih tk dbyogd ed eetve/r nhii nn

rovnic(8.23)a(8.24)bude nul ovi, t]j
10 0 rt
1 0 0 rt 01 b 2 1 0-J 7
def® 1 P 2d=dt2de1 o X ol e del ! b A-J
dt 0 dx O at 10J 0
0 dt 0 dx 01 o 01 0 J
dt
(8.25)
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kde | sme oz%—)t(a:!Jiﬂaty ped m¥yaka je splnBDna pro Kk

4J°-44 - b © (8.26)
Po d o soefeenr?t Tk
2
rip=g2 M v d LY 8.27
(‘0 /,2A2 % [ ,_A c ( )

m§ pod@®26hkrao charakteristiky Segen?

dx 1.
o= S Jez (8.28)
Kvadr 8t cfeglchs ois¢KB mllgey bTt i z8poghbuble takyg
i magi ng§r n2 .m2Pwrk8v I §sa tnoe jpvotdc zzeasjl 2ah®,v 8meb d § [«
postupn® viny. Nalezli jsme kSivky (pS2mky)
X, (%,t) = x —1@\/C \7/% g x=v it const
28é u
) (8.29)
X, (X, t) = X —2ng qlég X= V5t cons

kter ® Se@ed)ch aroavknti ecrliifunkeg 2(xt), ¥dtsroau§ | n®, t ak u
f §8zi pornuacnheyn §,colje zse veli B@¥rte pdmazhys§ me dj®
charakteristikami pS2slugn® rovnice). Popi s

xsr Tizmi f 8zovT1 mi,vr,,ychl ost mi

PSedstavme siprnlytn®l,n &no rnuncohdys tvv mi(xad), Ayke)l i k o st

ve tvaru harmonicklich viIn, kter® tNDmito f §z

ami(xt) 6&bm, 6 . By a, . ]
geAi(x,t) 38?3% ?<p[|kx(x,t)] = [g ex;§(kx W g

(8.30)
w

_k:l
ZdejsoukvI novl vektor (vinov® | 7awpg, kktubo®§ur

pro kx(x,t)=kx -kv, t, Kk E/_/Z vV w 2

frekvence, f ;g‘lz Hz j e obvykl § efdrneokt \keSncche Her t z .
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88Kol aps pSi fyziologicklch podm2nk&ch
lza fyziologicklich podm2nek mPypPSdpadd, kk &\
f8zovsg wvi,y@.Mhbetsituace nastane jen kdyg

aip,- p. -B
v, =c¢, :\/( p ) pro (p, . B O (8.31)
Tedy rychl &kapt| S ® ujdd nrloavntai ¢ ky® hp wrsu d h ye. Ta
nemT&keapvIip§$Secipu nastat, protoge viraz pod

podm2nek vgdy2hs§pdrasinenE podmalw re§l nou f §
pS2padn IpSlriyc nd2o aktB8pg2e fjjdehno kpr T8¢ 2 mua poik Dt sk ,
Situace kdy dojde kk ovno st i f8zov® ryahylcchdtoisteél gpgtoiuadl
nast 8§vs8 u veélkbhékbhtepemyc¥Yl osm/ Eraepfipdvyzégt
tlakvok ol 2 deptnayt glenN vel kT . D2ky vDtg2 rychl o
pS2mejgm pr TSe@&prop phEMA) av zn & pgjeparaneaekn.
Z¥%3en2m tepny se mTge mgtthT os aa gtekny hdl acahg§ zn?
znal n®mu p ork8 selseud nt Tl na kkuoKesa jsosi Kamotk@vovi z/ukyg.

~

8.9 Lasovl vivoj poruch

Soust Serdp vep@dck kt er ®m por ucalye niejmBn?posyt ajpiu
Tent o pS2kdgd jrea sstpd vn8pp-ap, Bo@&, m2kntkear § pl at 2 pr o
k a pichH, \§z(88l5) Vt omt o pS2padh je frekvence kompl ¢

v, = JZ ﬁ‘%m i 1) (832)

Oba pS2pady jsou pS2pusen®. dedavmdemeknpchl

ge polcpg€ me =c¢, Aifd jejediotkmgesa€lingge vol2me |
pS2pad

tj, pro c’ 0 (8.33)

a_( P.- Pa +B)
r

dost §8v 8 mepodtupnownviun o u
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VpS2pkaddyD vol 2 me opjal n® znam®nko,

wo_ v, iw, _ic a(p,- p, *B)

WoVe Whn 18 ot pi o2l P 8.34

k 2 k 2 L PG r (8:34)
dosEv8&§me vInu postupniD zesiluj?2c?2.
DTl egitl je jaklsi Ar ovnovasgvnelo | sStcaiakir, o vkt®an

vkapil 8§ p&Emhviz.Qbi87Za ot ®tod m2 nkypijle§ py TrSewe k aj a
kli dov®mw, ap rpfSSiezpuok |l esu tl aku se prTSez zvrh
Tud2 g el asticita okolwr |tiuttoou dreefloa xmealcn 2 kkoommpse
PSi bNgoal agi cfkylzcih ep opd md@ mk>®kvag djyl nOpapt oge

val veol fodilak aj et o i pSip.=vdb@Pe c Wkiapag §Se je p:
p,=1333kP:ta dochgzirolkogi ck® defjermai rloampkISEmy,
viyt mu dT.Ob8n2 8. Vd &ziDeiktyD pperrdoblastpy<m lac ugni tw
elasticithD .Okhkol nB. 6k8kNDirdmje® exeamhge. kapi l

8.9.1 Konstantn?2 prTSez kapil &r
VpS2padnh, kgpij8rgtBlonat &k tjud§rel akxeaj h2 |
def or maci n@Wp ¥yhémeo pbBzpa@B)tvat porucha

.. L . ept @
mi(x 9= mexpgik x-v, ) g VYmsin Kx v k| g %15'%—; y

rRv U

A(t)=A =konst mp &9 mlis,r,, G116 O.Qf% ....doba trvani

systoly pravé komor
(8.35)
Tepov§ fHR[tep[é mhc dde opasupnou vinu, ktem§ se

nezeslabuje, viz. Obr. 8.8.
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600 T

500~ -

B
o
(=3
|

blood flow [ml/s]
8
o

200 -

100

0 ] 2, 3 4 5 6 7 8
time [s]

Ob§z&8kPr Tt ok kapil 8rou konstantn2ho prTSezu
pSi tepow®ml HREF5e m

8.9.2 Tlak valveolechj e ni ¢g g 2k anpeiflc &rl ak v
Jing si&wBadcyeq njasvedkedh g k< pyviz. Obr.87.Vt omt o pS2padHr

prTSez kapil 8§r a prTtok kr Aen ohddngtd ned nNj a

DA(X t) =AX D) A,

(8.36)
Dm(xt) =n(x) -9

Odpov? dmge¥kcapipluS8ir 8ch | sou

Dé&n

ami(x 1) Q. ~Dma , &6
D? ex;iilkx -] = é@(d Vét) expkx w, (8.37)

geAi( X, 1)

1-QiOn

Tud?2 g poryprhmhat sge t | um?

QO
R
QO
he

el
== — 8.38
2 / t 8s (8.38)
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Oznal 2me relzax &|tre2r 1] &d esne prTtaoXawnjpr TSez

roven

(8.39)

Rel axal n.20br|88 souyt &ti @ webllmistd| ouh®®V koeehun §d 8n+
a videchw!l reikovke§ice dT ch§ndkdos & 5p ehay bmijneu t aud
frekvence je okca60 do90t ep T zaTepowu§ ufr ek vakgne®t ge. 2 |
vpS2padh, ¢ge budmde®Edenbgtsvdel|l nyntn@p,ecthwd
krelaxaln2mu | asu zanedbat el noll 3malFo,dopbSigb Isii
nastaneyp S2 padhkrvpk deokamNr doby srdeln2ho tepu
meng?2, poYi5bh.l iTYun20c 2 (8BMpeony v emayj 2t avhed i ko st

(8.40)

Uv8§gadme d8l e, ¢ge praoeokels ek ople?rsi ond?i ctklTa k sk avk g e |
periodichpk mPpnTSez kapil§r a odpov2daj?2c?
fyziolognatkl chr htoalk krve se p8821i¢g nelig?2 o

8.9.3 Tlak valveolkechj e vy gg2k ampigl 81 &dkh v
Regul ac? vtalleadchemogno mDnit rychlost kol apsu

kapil 8§rn2 hpr a¥edl Dipgotdd,b ntdj .pr o, mu s 2 bTt dl ou
spl nNna (§38)dimd®bn&7aVedle velikosti | e nu

(8.41)

kterT popisuje el asti cpkl@ cvlcahs tjnsoosut ir okzrheovoni?jl
rozmBDrypid28trD Klemat o podm2nka je splnBDna jed

rychlejine g tplakcaaclhnD Zmeur | itTm parcéahmetakemr j B U]
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