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Zatez vs ,,vulnerabilita“

Strain (rozepnuti, deformace)
Globalni strain safe limit do 1,57
Dynamicky strain, limit do 0,5 nebo 17?
Nizky dynamicky strian protektivni pfi
statickémglobalnim strainu do 2-2,5?

x pocet cyklu (RR)

U ARDS/pfi nehomogenité muaze
byt lokalni stress/strain az dvojnasobny

— Protti A, Votta E, Gattinoni L. Which is the most
important strain in the pathogenesis of ventilator-
induced lung injury: dynamic or static? Curr Opin
Crit Care. 2014;20:33-8. 57.

— Protti A, Andreis DT, Monti M, Santini A,
Sparacino CC, Langer T, et al. Lung stress and
strain during mechanical ventilation: any
difference between statics and dynamics? Crit
Care Med. 2013;41:1046-55.
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Mechanismus ¢.1

REGIONALNI STRAIN
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Deterioration of Regional Lung Strain and Inflammation during Early

Lung Injury

Gabriel C. Motta-Ribeiro’#*, Soshi Hashimoto'", Tilo Winkler’,
Arnoldo Santos’®, Congli Zeng', Kathryn Hibbert”, Robert S. Harris”, Ednan Bajwa’, and Marcos F. Vidal Melo'

Rebecca M. Baronr®

, Kira Grogg®, Luis F. S. C. Paula’,

= Opakovana nadlimitni zména regionalniho objemu
plicni struktury (nadlimitni strain)

= Pricinou heterogenity strainu je heterogenita plic
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Faktory zvysujici regionalni
strain

= Nehomogenita plic, supinni poloha

= Dechovy objem

= |nspiracni Cas, inspiracni flow

= Nedostatecna hodnota PEEP

= Nadmerna hodnota PEEP

= Dyssynchronie pri umelé plicni ventilaci
= Pendelluft



Mechanismus C. 2

MECHANICAL POWER
and INTESITY




Ventilator-related causes of lung injury:
the mechanical power

: . o - ™, - . 3 i | ; .
L. Gattinoni', T. Tonetti', M. Cressoni®, P Cadringher’, P Herrmiann', O. Moerer', A. Protti®, M. Gotti?,
T S I 3 = 4
C. Chiurazzi’, E. Carlesso’, D. Chiumnello® and M. Quinte!’
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RR — dechova frekvence
El  — elastance resp. systétmu

R,, — resistance resp. systému

AV — dechovy objem
I:E — pom¢r inspiria a exspira
PEEP — endexspiracni tlak

Intensive Care Med (2016) 42:1567-1575
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Ventilator-related causes of lung injury:
the mechanical power

L. Gattinoni', T. Tonetti', M. Cressoni’, P Cadringher®, P Herrmann', O. Moerer', A, Protti®, M. Gotti?,
C. Chiurazzi®, E. Carlesso?, D. Chiumello® and M. Quinte!’
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Vyznam jednotlivych faktoru MP

Mechanical power: companenis - Mechanical pawer and lung charscteritics
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Nastaveni ventilatoru Plicni patologie
= Nejvyznamngjsi TV, flow, driving pressure

= Méné dechova frekvence = \ice dulezita elastance
" Nejmene PEEP = Méné vyznamna rezistance

@ Intensive Care Med (2016) 42:1567-1575 h@,
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Mechanical power of ventilation is @
associated with mortality in critically ill patients:
an analysis of patients in two observational
cohorts

Ary Serpa Neto'--"@, Rodrigo Octavio Deliberato, Alistalr E.W. Johnson”, Lieuwe D. Bos', Pedro Amorim®,
50 m J. Poltard®,
Abreu ™,
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Modelovani ,,power “
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Prikon/plocha = Intenzita
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Mechanismus ¢. 3

STRAIN RATE




Role of Strain Rate in the Pathogenesis of
Ventilator-Induced Lung Edema*

Alessandro Protti, MD'; Tommaso Maraffi, MD? Marta Milesi, MD? Emiliano Votta, PhD?;
Alessandro Santini, MD? Paola Pugni, MD? Davide T. Andreis, MD? Francesco Nicosia, MD?
Emanuela Zannin, PhD? Stefano Gatti, MD* Valentina Vaira, MD, PhDD***; Stefano Ferrero, MDD
Luciano Gattinoni, MD, FRCP!-

Variable of Interest Low Strain Rate High Strain Rate P

n 15 15

otrain 2.1 £09 (0.6-3.5) 2.1+09 (0.8-3.5) 0.864
Tidal volume (mL) 562 £ 162 (289-766) 588+ 163 (325-T8T7) 0648
Functional residual capacity (mL) 203184 (174-488) 309+85 (187-488) 0.597
Strain rate (") 18108 (0.5-2.9) 46+1.5(2.1-64) < 0.001*
Inspiratory flow (mL/s) 460+ 156 (250-833) 1329+245 (800-1600) < 0.001
Respiratory rate 15 15

Inspiratory-to-expiratory time ratio 12-18 1:5-19

Inspiratory time (s) 13+0.1 (1.0-1.3) 05101 (0.4-0.7) < 0001

(Crit Care Med 2016; 44:e838-e845)




TABLE 2. Respiratory System Mechanics, Lung Mechanics, Gas Exchange Across the Study

Period, and Major Outcomes

Lowr Strain Rate

High Strain Rate

Respiratory system compliance (mLScm H O)

Start of axpanment 275 2655 CLo0
End of experiment 23sE 156>
Lung comgliance {miSom H O}
Start of expariment G3x 14 HO0£2 Qr2G
End 0f expperimient dH £ 15 A T
Artarial pH
Start of axperiment TADE QS 7482003 QG0
End of experiment TaI£013 T3 2015
Artarial Ca, fension (mm Hg)
Sart of exparimend 30+£2 503 QL00R
End of experiment d4+5 i
Arterial O, lension (rmm Hg)
Slart of expririent 43z 40 241 £30 Q03
End of axperiment 0+ 68 131 ke
Body wesght (k)
Sart of expenment 23%2 20+3 0525
ad iif fiment Ol 2ad+3
Lungy weesg it (g
Starl of experiment 5T 41 362 E43 <N
End of sxpariment PEIEET AG0E 1654
Privalignce of pulmonary edema
By end of expeimeant 315 (20%0) LR P R Qa0
Earky morakty
By end of expanment 215135 TA1E (4T %) Q100
Intarieukan=6 in bronchaakeotar lavage fhd (pgimL)
Enid af experiment 43350 068 £475 QU006
Total leng injury Score
End of axpariment & 03-10n 10 16-11) (OGS




Klinicky pohled



Existuje riziko plicniho poskozeni
vyssimi dechovymi objemy | pri
nizké hodnote MP?



Impact of Different Tidal Volume

AN O Levels at Low Mechanical Power on
Ventilator-Induced Lung Injury in
Rats

Litizn Moraes ", Pedro L. Siva "', Alessandra Thompson ', Cinbia L. Sanfos”,
Raguel 3, Santoes ', Marcos ¥ 8. Femnandes ', Marcelo M, Moralos®, Vanesss Marting
Vara L, Capeloze®, Marcelo G, oo Abreu’, Paols Pelosi® and Palricia B, M, Roceo ™
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Muze byt ventilace vyssim
dechovym objem bezpecna?



Effect of a Low vs Intermediate Tidal Volume Strategy on Ventilator-Free

AN O Days in Intensive Care Unit Patients Without ARDS
A Randomized Clinical Trial

Writing Group for the PReVENT Investigators
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Je lepsi zvysit minutovou
ventilaci zmenou dechoveé
frekvence nez zvysenim
dechoveho objemu?



ANO

Mechanical power: components
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injury: the mechanical power. Intensive Care Med 42:1567-1575

Gattinoni L, Tonetti T, Cressoni M et al (2016) Ventilator-related causes of lung
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Je vysokeé inspiracni flow
(napr. pri PCV) rizikoveé?



Effect of peak inspiratory flow on gas exchange, pulmonary
AN O mechanics, and lung histology in rabbits with injured lungs

Yasurl Funma!, Yosuigo Magpa®, Yun Fonso!, Agmor) Ulcriy asial, Tagassn Masaiso?,
and Masan MisHisueas?
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V group P group P
Pa, /F1;, ratio <200 07 317 0.06
Wel-to-dry ratio 63205 T 209 <().01
Lung injury score
Total 2 4 (.60
Upper lobe 2 2 ().85
Lower lobe 6 8 0.28

J Anesth (2006) 20:96-101




Je dlouha doba inspiria
rizikova?



Increasing the inspiratory time and |:E ratio
ANO during mechanical ventilation aggravates
) ventilator-induced lung injury in mice

d Ie I V Holger € Maller-Redetzky”, Matthias Felten', Katharina Hellwig', Sandra-Maria Wienhold', Jan Maujoks',

Bastian Opitz', Olivia Kershaw?, Achim D Gruber®, Modbert Suttorp' and Martin Witzenrath'
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Static and Dynamic Contributors to VILI in Clinical Practice: Pressure,

Energy, and Power

John J Marini!®, Patricia R.M. Rocco?, Luciano Gattinoni?

~"'~.__ Large Volume A
' High Energy Input

Compliant Overstretched
Small Volume A
Non-Compliant Low Energy Input
Tolerated Strain

ATROCK Artscles in Press, Published on 30-October- 3019 as 10,1164/ rocm M1 908- 1 54501




Je dynamicky strain/stress
horsi nez staticky?



Which is the most important strain in the

pathogenesis of ventilator-induced lung injury:
AN 0 dynamic or static?

Alpssandro Prott® Emibana Voua®, and Lucing Geltinon™°

KEY POINTS

e When lung volume does not exceed the total capacity,
dynamic inflation (due to tidal ventilation) is more
injurious than equivalent static inflation (due to the
application of positive end-expiratory pressure).

e When lung volume exceeds the total capacity,
pulmonary damage invariably occurs.

o Benefits for the lung of very high static inflation must be
weighed against the risks for the heart.




Je volutrauma rizikovejsi nez
atelectrauma?



Comparative Effects of Volutrauma and
Atelectrauma on Lung Inflammation in
Experimental Acute Respiratory Distress Syndrome

Lung Recruitment

Overdistension

Compliapce

EELV

(Crit Care Med 2016; 44:e854-e865)




ANO

Comparative Effects of Volutrauma and
Atelectrauma on Lung Inflammation in
Experimental Acute Respiratory Distress Syndrome
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EDITORIAL Open Access

Volutrauma and atelectrauma: which is @
worse?

Luciano Gattinoni' , Michael Quintel' and John J. Marini®

Volutrauma Atelectrauma

= Nadmerna distenze = | okalni amplifikace
plicni struktury stresu/strainu pri

= Tradi¢né& pfi plicnim existenci plicni
objemu nad TLC nehomogenity (az 2x)

Gattinoni et al. Critical Care (2018) 22264
hitt ps:-’fd ot.org/ 1001 186/51 3054-01 8-21949-2 ®‘ﬂa
| -




EDITORIAL Open Access

Volutrauma and atelectrauma: which is @) o
worse?

Luciano Gattinoni', Michael Quintel' and John ). Marini®

= Pokud je ventilace realizovana s hodnotami
PEEP 7-15 cm H,0O, je klinicky vysledek bez

rozdilu mezi skupinami s ruznou urovni PEEP
(Express, ALVEOLI)

= Je-li pouzit PEEP nad 15 cm, riziko horsiho

vysledku ve skupine vyssiho PEEP (ART trial)
= Rizikovost konceptu ,fully open lung®

Gattinoni et al. Critical Care (2018) 22:264
hitt ps:-’fd of.org/ 10,1 186/51 3054-01 8-2190-2
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Riziko prekroceni TLC pri
zvyseni EELV po zarazeni PEEP

TLC
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Je tedy PEEP vubec nékdy
protektivni?



Driving Pressure and Survival in the Acute

ANO Respiratory Distress Syndrome
Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur 5. Slutsky, M.D
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ANESTHESIOLOGY

Positive End-expiratory
Pressure and Mechanical
Power

Francasca Collng, W0, Frncesca Rapeth, MO,

Francnsco Vasgees, M.0., Giorgia Maicko, M.IL

Tommaso Tonett, M0, Fedenca Bomstti, MDD,

Juky Mewveritys, WS, Tim Betremann, MLS, Lusp Camporota, M
Ginler Hahn, M 5., Verena Flﬂ.ﬁa: DAL, Karin Holle, BUD.,
Peter Herrmann, MoSc, Elsonors Duscio, MDD,

Francesen Cipul, MLD,, Onnen Mosree, MLD,, John J, Mazed, W[
Michasd Cunbsl, M.D,, Luciaro Gattnond, M.0. FRCE
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Je driving pressure
marker nebo endpoint?



Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O, Meade, M.D., Arthur 5. Slutsky, M.D.,

2.5
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0.0 T | T | T T |
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M Engl | Med 2005;37 2:747.55.




Airway driving pressure and lung stress in
ARDS patients Critical Care (2016) 20:276

Davide Chiurnello’, Eleonora Carlesso®, Matteo Brioni® and Massimo Cressoni”

Lung stress 24 cmH,0 Lung stress 26 cmH, 0
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Effect of driving pressure on mortality in
ARDS patients during lung protective
mechanical ventilation in two randomized
controlled trials

Claude Guérn'**, Laurent Papazian®*®, Jean Reignier’, Louis Ayzac® Anderson Loundou®, Jean-Marie Forel”
and on behalf of the investigators of the Acurasys and Proseva trials
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Hlavni limitace driving
pressure

= Variabilni hodnota , cut-off”

* Vliv compliance hrudni stény (variabilni transpulmonalni
driving pressure)

= Muze byt stabilni v Sirokém rozmezi hodnot tlaku

Lung Recruitment
Owverdistension

Tidal

EELV
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Driving pressure is not associated with
mortality in mechanically ventilated —
patients without ARDS

Michael J. Lanspa'~'@, Ithan D. Peltan'?, Jason R. Jacobs', Jeffrey 5. Sorensen’, Lori Carpenter, Jeffrey P, Feraro™,
Samuel M. Brown ", lay G. Berry”, Raj Srivastava™ and Colin K. Grissom'?
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PaO,/FiO, a Driving pressure

Ten Lung recruitment and titrated PEEP —
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Effect of Lung Recruitment and Titrated Positive

End-Expiratory Pressure (PEEP) vs Low PEEP on Mortality 0

in Patients With Acute Respiratory Distress Syndrome
A Randomized Clinical Trial

Writing Group for the Aheolar Recruitment for Acute Respiratory Distress Syndrome Trial (ART) Investigators

RESULTS A total of 1010 patients (37.5% female; mean [SD] age, 50.9 [17.4] years) were
enrolled and followed up. At 28 days, 277 of 501 patients (55.3%) in the experimental group
and 251 of 509 patients (49.3%) in the control group had died (hazard ratio [HR], 1.20; 95%
Cl, 1.01to 1.42; P = .041). Compared with the control group, the experimental group strategy
increased 6-month mortality (65.3% vs 59.9%; HR, 1.18; 95% Cl, 1.01t0 1.38; P = .04),
decreased the number of mean ventilator-free days (5.3 vs 6.4; difference, -1.1; 95% Cl, -2.1
to -0.1; P = .03), increased the risk of pneumothorax requiring drainage (3.2% vs 1.2%;
difference, 2.0%; 95% Cl, 0.0% to 4.0%; P = .03), and the risk of barotrauma (5.6% vs 1.6%;
difference, 4.0%; 95% Cl, 1.5% to 6.5%; P = .001). There were no significant differences in
the length of ICU stay, length of hospital stay, ICU mortality, and in-hospital mortality.

JAMA. 2017;318(14):1335-1345. doi:10.1001/jama. 201714171 @
L




Je mozne spolehlive rozpoznat

volutraumal/hyperinflaci/overdistenzi

z tlaku v dychacich cestach?
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High PEEP levels are associated with overdistension and tidal
recruitment/derecruitment in ARDS patients
). Retamal'”?, G. Bugedo', A. Larsson® and A. Bruhn'

'Facultad de Medicing, Departamento de Medicing intensiva, Pontificia Universidad Cattdica de Chile, Santiago, Chila
"Hedenstiena Laboratory, Surgical Science Department, Uppsala University, Uppsala, Seeden

g 25 = E 25 9

7 — £ il

% 15 = % 15

E 10 4 E 1.0 4

5 5 .

I ——— s °°

. | . =
o o o &

PEEP (cmH,0) PEEP (cmH,0)

D

s g i /
— — é
] T T 0=
@ & & 2
PEEP (cmH,0) PEEP (cmH,0)

Mon aerated ssue max (%)
&
i

Hyperinflated tissue masx (%)
Y]
i

Acta Anaesthesiologica Scandinavica 59 (2015) 1161-11409




Rizikovost (pri rizené ventilaci)

= [nspiracni transpulmonalni tlak nad 20 cm
1,0 (elastance derived)

= Dechovy transpulmonalni tlak nad 13-14 cm
1,0 (elastance derived)

= Mechanical power/intensity
= Dechovy objem

" |nspiracni flow

= Driving pressure

= Dechova frekvence

= Delka inspiria




Kontrola nastaveni ventilatoru
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Dekuji za pozornost.

pavel.dostal@fnhk.cz
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