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Co Ize z tematu UPYV stihnout
behem 20 minut ?

Key words:
Ventilatory support

PubMed 13104 “hits”




Co ma (a asi i chce) vedét
“mlady” kardiolog ?

Nejnovejsi studie o UPV ? NE
Detaily ruznych aspektu UPV ? NE

Jak ventilovat “dobre” sve
pacienty ? ANO



v Co “nejspravnéji”
v'Co “nejbezpecnéji”
v'"Na co myslet béhem UPV ?
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Zakladni vychodiska ?
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Zakladni vychodiska

Co je invazivni a neinvazivni ...

Rozdil mezi oxygenacnim a
ventilacnim selhanim ...

Plicni ventilace je “jen” zpusob podpory
nebo nahrady vybranych funkci
dychaciho systemu, ktery nam
umoznuje ziskat cas ... (kontrola
vyvolavajici priciny a zotaveni plic)



Zakladni vychodiska

4. Zavedeni plicni ventilace vyznamne:
 ovlivauje funkci organu/systemu
» zasahuje do homeostatickych
mechanismu organismu

5. Plicni ventilace ma silny iatrogenni
potencial (koncept VILI)

6. Poskytovat UPV na zaklade znalosti
fyziologie



Koncept
“Physiology based ventilatory support”

1) Fyziologie umelée plicni ventilace
2) Patofyziologie stavu, kde plicni
ventilaci pouzivame




Koncept
“Physiology based ventilatory support”

State of the evidence: mechanical ventilation
with PEEP in patients with cardiogenic shock

Jonathan Wiesen,' Moshe Ornstein,? Adriano R Tonelli,' Venu Menon,’
Rendell W Ashton’

Wiesen J, et al. Heart 2013;99:1812-1817.



Effect of IPPV and PEEP on cardiopulmonary circulation ...

Venous
return

Increased
juxtacardiac
pressure

CCF
©2012

Increased pulmonary vascular resistance

Figure 1 Mechanical effects of positive pressure ventilation on cardiopulmonary circulation. The detrimental mechanical effects of positive pressure

1. Snizeny zilni navrat
2. Dilatace PK vedouci k pfesunu septa ALE ...
3. Snizené plnéni LK a srdec¢niho vydeje



Table 1 Haemodynamic effects of positive pressure ventilation on
cardiac output

Likely effect on cardiac output
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Figure 2 Cardiopulmonary effects of invasive positive pressure ventilation (PPV). CO, cardiac output; LV, left ventricular; RV, right ventricular.



Table 3 Management of positive end-expiratory pressure (PEEP) based on aetiology of shack

Type of
shock Potential drawback to PEEP Means of monitoring and compensating

Hypovolemic | RV and LV preload can lead to | CO and worsening of hypotension ~ Ensure adequate volume resuscitation; carefully monitor BP

Cardiogenic ~ Although the | LV afterload will 1CO, the | RV and LV preload may | Ensure that the patient does not have concomitant hypovolaemia
(0 to a greater degree

Distributive | RV and LV preload can lead to | CO and worsening of hypotension ~ Ensure adequate volume resuscitation; carefully monitor BP

Obstructive 1 RV afterload may precipitously | CO in light of | RV and LV preload  Vigorous hydration and vasopressor support may be necessary to maintain
haemodynamic regulation

BP, blood pressure; CO, cardiac output; LV, left ventricular; RV, right ventricular.

Wiesen J, et al. Heart 2013;99:1812-1817.

Klicove faktory determinujici “’chovani”’ obehu
pri UPV jsou:

1) vykonnost levé a/nebo praveé komory

2) napln cirkulujiciho objemu



Nez zahajime plicni ventilaci ...

Jake jsou (a maji byt)
“key questions” ?



1) Je plice ,,zdrava™ nebo je pfitomna
plicni dysfunkce ?

2) Jaka je etiologie plicni dysfunkce ?
Jak byla dosud lecena (tj. kdy lze
oCekavat efekt provedenych intervenci)
a jaka je faze onemocneni/vyvoje plicni
dysfunkce?

3) Ma plicni dysfunkce obstruktivni
nebo restriktivni povahu ?



4) Jaky je stupen plicni dysfunkce, jake
je riziko poskozeni nemocného a
nemely by byt zvazeny alternativni

postupy?

5) Jakeé byly predchozi intervence a jak
na né nemocny reagoval?

6) Jaka je konstituce nemocného, jaky
ma nitrobrisni tlak?



Co je “bezpecna” ventilace ?



Bezpecha umela plicni
ventilace neexistuje, ale ...

... nastavenim lze jeji negativni vliv snizit

v v s



Klasické rozdéleni mechanismu VILI

B Atelektrauma

¢ Poskozeni alveoll a malych dychacich cest cyklickymi
recruitmentem a derecruitmentem

B Volutrauma

¢ Poskozeni nadmérnou expanzi alveolt piisobenim vysokych
objemu/tlakt

B Biotrauma

+ Alveolarni zanétlivé poskozeni zplisobené uvolnénim cytokintl z
plicniho parenchymu jako reakce na poskozeni zptisobené
atelektraumatem nebo volutraumatem

— Slutsky AS, 1999 Lung injury caused by mechanical ventilation, Ches 116:
9S-16S




Ventilator-induced lung injury: The anatomical and physiological
framework Crit Care Med 2010 Vol. 38, No. 10 (Suppl.)

Luciano Gattinoni, MD, FRCP; Alessandro Protti, MD; Pietro Caironi, MD; Eleonora Carlesso, MSc

Stress (zatizeni, tlak)

B ZatiZeni vznikajici v ij(licnim parenchymu v zavislosti na
transpulmonalnim tlaku

B Korelatem stressu je transpulmonalni tlak P,

Strain (rozepnuti, deformace)

B Deformace plicni struktury ve srovnani s vychozim tvarem
(tvarem pi1 normalni FR

B strain = AV/Vo, tj. dechovy objem/FRC pi1 PEEP 0
Za tyziol. okolnosti plati:
Stress = K.strain, tj. P, = K x Vt/V,

K odpovida tzv. specificke elastanci (transpulmonalnimu tlaku, pfi kterém dochazi ke
zvySeni FRC na dvojnasobek), odpovida i pit1t ARDS 13 cm H20




Mechanismy poskozeni plic dle stress and
strain conceptu

m |. transpulmonalni tlak

¢ Pri transpulmonalnim tlaku nad 20 cm H,O
biotrauma, nad 27 -30 cm strukturalni disrupce

¢ Cave: tlak generovany ventilatorem + podtlak
generovany dechovym usilim pacient
m 2. Plici poskozuje strain tj. EILV vétsi nez 1,5
nasobek FRC nad urovni FRC

m 3. Plici poSkozuje ventilatorem dodana
mechanicka energie

¢ TVxDFxcas




Ventilator-induced lung injury: The anatomical and physiological

framework |
Crit Care Med 2010 Vol. 38, No. 10 (Suppl.)

Luciano Gattinoni, MD, FRCP; Alessandro Protti, MD; Pietro Caironi, MD; Eleonora Carlesso, MSc

Resting Biotrauma Stress at rupture
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Figure 1. Relationship between lung volume (percentage of total lung capacity) and transpulmonary
pressure (modified from reference 14). V, corresponds to the functional residual capacity. When the
lung i1s inflated with a tidal volume equal to functional residual capacity, the transpulmonary pressure
is approximately 13 cm H,O (specific elastance). The maximum physiologic lung volume (total lung
capacity) i1s reached when tidal volume is two times functional residual capacity and 2 and transpul-
monary 2 and transpulmonary pressure is approximately 26 cm H,O. The behavior of the lung fibrous
skeleton, modeled as elastin fibers (extensible spring) and collagen tissue (inextensible string) set in
parallel, is described at the top of the figure.
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i Nizke :

I zatizeni I
Destrukce
struktur
(st.ress <7 Mechanotrasdukce,
failure) LU S syntéza mediatorti de novo

o Adaptace ?
Inflamatorni odpovéd’ Absence nekrozy
et

Ztrata compartmentalizace,
Poskozeni distalnich organu .~

Volng dle Uhlig U. Mechanotransduction inf the lung. Am J Physiol Lung Cell Mol Physiol 282: L892—-L896, 2002



Mechanotransdukce

m Pri nefyziologickem rozepnuti/deformaci
| v prfipade, ze nejsou prekroceny
strukturalni limity plic dochazi k aktivaci
bunecnych mechanosenzoru

m Tato aktivace vede k produkci cytokinu -
biotrauma
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Figure 1. Mechanosensors on the cytoplasma
membrane. Stretch-activated ion channel, recep-
tors for growth factors and other ligands, ECM-
integrin—ytoskeletal complex are commonly ac-
cepted as mechanosensors on the cytoplasm
membrane. Intercellular cellcell adherens junc-
tions and gap junctions are also involved in me-
chanical force-induced signaling.

Bing Han, Proc Am Thorac Soc Vol 2. pp 181-187, 2005

> VILI



Faktory vedouci k VILI

mechanicky stres zptisobeny:
nadmérnym rozepnutim alveolu a kapilarni stény pii
+ nadmérném rozepnutim plice (EILV)

+ pusobenim stfiznych sil na hranici ventilovanych a neventilovanych
oblasti (alveolll) - (pfitomnost atelektaz)

mechanickym bronchialnim traumatem

+ pti1 opakovaném kolapsu a rozepéti malych dychacich cest (pfitomnost
atelektaz nebo uzavéru dychacich cest v pritbéhu dechového cyklu)

vysokym transkapilarnim tlakem
+ vysoky intravaskularni tlak

+ normalni intravaskularni tlak a tahové sily na hranici s atelektatickymi
alveoly




Hlavni a pridruzené faktory vedouci k VILI

Hlavni faktory:
¢ endinspiracni plicni objem (tJ. nepfimo hodnota Ppl)
¢ nedostateCny endexspiracni plicni objem
(t).nedostatecna hodnota PEEP)
Pridruzene¢ faktory:
¢ endotoxXinémi€e (Tremblay L, 1997 J Clin Invest 99:944-952)
¢ zvysena teplota
¢ plicni kapilarni tlak (srde¢ni vydej)

¢ dechova frekvence
(Broccard AF. et al., 1998 AJRCCM 1998, 157:1935-42)




Maximalni strain

m Fyziologickd hodnota FRC .... Cca 2,51

m Fyziologicka hodnota TLC ... Cca 71

B Maximalni dechovy objem cca TLC-FRC.. 51

B Maximalni ,.fyziologicky™ strain - pii Vt/V0 =2

B T). maximalni dechovy objem je dvojnasobkem
funk¢ni rezidualni kapacity

m Pri téeto zméné plicniho objemu jsou plicni
struktury maximalné rozepnuty, dalsi rozepnuti
vede K rupturam




Ventilator-induced lung injury: The anatomical and physiological

framework

Crit Care Med 2010 Vol. 38, No. 10 (Suppl.)

Luciano Gattinoni, MD, FRCP; Alessandro Protti, MD; Pietro Caironi, MD; Eleonora Carlesso, MSc

Resting Biotrauma Stress at rupture
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Figure 1. Relationship between lung volume (percentage of total lung capacity) and transpulmonary
pressure (modified from reference 14). V, corresponds to the functional residual capacity. When the
lung is inflated with a tidal volume equal to functional residual capacity, the transpulmonary pressure
is approximately 13 cm H,O (specific elastance). The maximum physiologic lung volume (total lung
capacity) is reached when tidal volume is two times functional residual capacity and 2 and transpul-
monary 2 and transpulmonary pressure is approximately 26 cm H,0. The behavior of the lung fibrous
skeleton, modeled as elastin fibers (extensible spring) and collagen tissue (inextensible string) set in
parallel, is described at the top of the figure.

B Stress/strain
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— 37cmx0,75
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OK, but | need KISS ...
(= simple guidelines for my
daily practice)

Keep it Simple. Stupid!




Zaklady protektivni ventilace

1. Redukované dechoveé objemy
2. Limitace transpulmonalniho tlaku

3. Aplikace vhodné urovne PEEP



Role PEEP ?

m ,.Homogenizuje” plice — odstranéni tzv.
,,stress rizors*

B Snizuje energil dodavanou ventilatorem do
plic nezbytnou k udrzeni stfedniho tlaku v
DC



Table 3 Management of positive end-expiratory pressure (PEEP) based on aetiology of shock

CO to a greater degree

Type of
shock Potential drawback to PEEP Means of monitoring and compensating
Hypovolemic | RV and LV preload can lead to | CO and worsening of hypotension Ensure adequate volume resuscitation; carefully monitor BP

Cardiogenic Although the | LV afterload will 1CO, the | RV and LV preload may | Ensure that the patient does not have concomitant hypovolaemia

Distributive 1 RVand LV preload can lead to | CO and worsening of hypotension Ensure adequate volume resuscitation; carefully monitor BP

Obstructive 1 RV afterload may precipitously | CO in light of | RV and LV preload Vigorous hydration and vasopressor support may be necessary to maintain
haemodynamic regulation

BP, blood pressure; CO, cardiac output; LV, left ventricular; RV, right ventricular.

F------------------------------------‘

Etiology of CS = LV failure? |—

Yes

l

No

l

Is the patient hypovolemic | &
or preload dependent?

|

No

l

PEEP of 5 cm H,0O
can safely be initiated

— " and titrated, with

careful monitoring of
cardiac output

Ensure adequate

Yes

intravascular

Initiate low (3-5 cm H,0) PEEP and titrate as
indicated by oxygenation requirements and
tolerated by blood pressure

repletion

- |

No

Euvolemia
achieved?

Yes

Figure 3  Algorithm for management of PEEP in cardiogenic shock. CS, cardiogenic shock; LV, left ventricle; PEEP, positive end-expiratory pressure. |
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Tabulka 3.2 Vychozi nastaveni ventilatoru u nemocnych bez zavazné plicni dysfunkce pri pouZiti rezimu VC A/CMV

Ventilaéni rezim A/C CMV (volume cycled, volume control apod., dle typu
pristroje)
Dechovy objem cca 7-8 ml/kg tzv. predikované télesné hmotnosti (plati

pro nemocné bez zavazné plicni patologie a bez
rizikovych faktorl pro rozvoj ARDS)

cca 6 ml/kg tzv. predikované télesné hmotnosti u
nemocnych s ARDS nebo u nemocnych s rizikovymi
faktory pro vznik ARDS

Dechova frekvence 12-16/min

Doba inspiria nebo pomér inspira a exspiria 1,2-1,5s I: E 1:2 nebo Ti 33 %

Pauza 10 % nebo 0,2-0,4 s

FiO, 0,4 u nemocnych bez plicni patologie

0,6-0,8 (1,0) u nemocnych s plicni patologii, snaha o
rychlé snizeni

PEEP 5 cmH,0 u sedovanych nemocnych bez plicni patologie, u
ostatnich nemocnych dle typu plicni patologie viz
prislusné kapitoly

Klicové alarmy Inspiracni tlak, minimalni minutova ventilace

Vysvétlivky: | — doba inspiria, E — doba exspiria, Ti — ¢as doby inspiria v procentech trvani dechového cyklu, FiO, —
inspiracni frakce kysliku,

Predikce idedlni télesné hmotnosti: muzi = 50 + [0,91% (vySka v cm — 152,4)]

Zeny = 45 + [0,91% (vyska v cm — 152,4)],

Orientacni vypocet : muz = vySka v cm — 100, Zeny = vyska v cm-105

Dostal a kol., Zaklady gmélé plicni ventilace, 3. vydani, 2014
(Editor: Vladimir Cerny, Edice Intenzivni medicina)



Tezka hypoxemie/oxygenacni
dysfunkce — jak uvazovat ?

PaO,/FiO, < 300 mmHg
Protektivni ventilace (dle ARDSNet protokolu)

PaO,/FiO, < 200 mmHg
Fgrotektivm’ ventilace s vysokou hodnotou PEEP

PaO,/FiO, < 150 mmHg
fvai pouziti svalove relaxace

PaO,/FiO, < 100 mmHg
fvai pronachi polohu

PaO,/FiO, < 80 mmHg
Zvaz iLA nebo ECMO

PaO,/FiO, < 50 mmHg
Zvai é

CMO



Kam smeruje UPV v roce 2014



Future of ventilatory support ?

m Ultra-protective ventilatory support
m Extracorporeeal lung assist devices ?

PARTIAL CO2 REMOVAL
SUPPORT IMV

CO2 REMOVAL AND
PARTIAL OXYGENATION
PREVENT IMV

CO2 REMOVAL AND OXYGENATION
REPLACE IMV

Artificial Lung and Novel Devices for
Respiratory Support Semin Thoracic Surg 25:70-75 © 2013 Elsevier Inc.

Jeremiah T. Martin, MBBCh, and Joseph B. Zwischenberger, MD




REVIEW

Protective and ultra-protective ventilation: using
pumpless interventional lung assist (iLA)

O. MOERER, M. QUINTEL

Department Anaesthesiology, Emergency and Critical Care Medicine, Georg-August-University of Gaottingen,
Gorttingen, Germany

ABSTRACT

Acute lung failure is associated with high mortality and usually requires mechanical ventilation to ensure adequate
gas exchange. However, mechanical ventilation itself can be associated with major complications and can aggravate
pre-existing lung disease, thus contributing to morbidity and mortality. Extracorporeal gas exchange is increasingly
used when conventional mechanical ventilation has failed. In contrast to veno-venous extracorporeal membrane
oxygenation (ECMO), pumpless extracorporeal interventional lung assist (iLA) is applied via an arterio-venous
bypass into which a gas exchange membrane is integrated. iLA allows for efficient carbon dioxide removal, which
allows for a significant reduction in ventilator settings. iLA may be a useful tool in protective or even ‘ultraprotective’
ventilation, enabling the application of very low tidal volumes in patients with acute respiratory failure of different
etiologies. This article reviews the current status and the potential role of interventional (pumpless) lung-assist iLA
within the context of lung-protective ventilation strategies. (Minerva Anestesiol 2011;77:537-44)

Key words: Extracorporeal membrane oxygenation - Lung - Ventilation, mechanical.




LITHINGS
1 YOU
L1 NEED

Souhrn do klinicke praxe ? @ o«

L1 KNOW

1) Znat fyziologii UPV

2) Vzdy vyhodnotit povahu plicni dysfunkce
pred volbou UPV a predpokladané
interakce “UPV - plice — obéh”

3) Zakladni nastaveni a jeho modifikace
podle povahy vyvoje stavu

4) Minimalizovat poskozeni plic postupy
UPV

5) VEéasné zahajeni postupu snizujici
negativni dopad UPV



Anesthesiology 2007; 106:1226-31 Copyright © 2007, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

What Tidal Volumes Should Be Used in Patients without
Acute Lung Injury?

Marcus J. Schultz, M.D., Ph.D.,” Jack J. Haitsma, M.D., Ph.D.,T Arthur S. Slutsky, M.D.,¥ Ognjen Gajic, M.D.§

Normal lung* and no ALI risk Abnormal lung* and/or presence of
factors ("hits")** ALl risk factors ("hits")**
Tidal volume < 10 mL/kg PBW Tidal volume 6 mL/kg PBW
Plateau pressure§ < 15 - 20 cm H,O Plateau pressure§ < 15 - 20 cm H,O
PEEP: 25 em H.O PEEPt 2 5 cm H20

Limity “bezpecné ventilace” lze prekracovat
jen tehdy, pokud cili UPV nejsme schopni
dosahnout jinym zpusobem ...



Neinvazivni ventilace ?

s NO,TIME TO EXPLAINE

.-

tl

Vladimir Cerny: Neinvazivni plicni ventilace
GET IN In: Dostal a kol.: Zaklady umélé plicni ventilace,
3. vydani, Maxdorf 2014 (Editor: Vladimir
Cerny, Edice Intenzivni medicina)
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