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Témata

m Automatizace umeéle plicni ventilace
= Vyvoj pohledu na mechanismy plicniho poskozeni

m Hleddni limitu konvecni pretlakové ventilace
,,High flow nasal oxygen**
HFOV
ECMO, ECCO,R




Automatizovana ventilace

m Cilem zjednoduseni denni praxe, vyvijeny
predevSim pro pracovisSteé s nizkym pomérem
1¢ékar, sestra/pacient, maji garantovat ,,standardni
kvalitu

m /pétnovazebna regulace ventilatorem generované
urovné tlaku v dychacich cestach na zaklad¢
parametru plicni mechaniky

m Bezpecnost zvySena modifikaci algoritmu ¢innosti
na zaklad¢ sledovani oxygenace a/nebo eliminace
CO, a typu patologie




SmartCare®/PS

= Navrzen pro urychleni odpojovani
m Zpétnovazebna regulace urovné PSV, hodnoceni
po 2 min/5 min, provede-li zménu
= Vychozi parametry:
Spontanni dechovy objem
Spontanni dechova frekvence
ETCO,

m Posouzeni piipravenosti k odpojeni




MNeurologic Disorder
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hyperventilation

Normal ventilation  fspn low < fspn < fspn high

Vrlow= V1

etCOs2 < etCOz2 high

Diagnosis V1 etCO, PS
Hypoventilation fspn < fspn low VrlowsVr etCOz2high<etCO2 will be increased
Severe tachypnea fspnmax. <fspn VrlowsVr 20mmHg<etCO2  will be increased
Insufficient fspnlow S fspn<fspnmax. - etCO2 high <etCO2 will be increased
ventilation fpn low =155, Vr<Vrlow - will be increased
Tachypnea fspnhigh s fspn <fspnmax. Vrlows=Vr 20mmHg=etCO2  will be increased
< etCOs high

fspn < fspn low Vr<Vrlow etCOshigh=etCO; no change
hypoventilation
Unexplained fspn high = fspn Vrlow=Vr etCO2<20mmHg no change

will be reduced,
weaning

Hyperventilation fspn < fspn low

etCO2 < etCO2 high

will be reduced




Limity

m Tolerance PSV
m Absence exacerbace CHOPN

m Hmotnost 35-200 kg, 15-35 kg v pediatrickem
rezimu (u déti nutnost aktivniho zvlhCovani)

= Indikace vysokych hodnot PEEP (nad 20 cm H,O)
® Funk¢ni neuroventilacni spojeni




Evidence — zkraceni doby odpojovani

m Lellouche F, Mancebo J, Jolliet P, et al. A multicenter randomized trial
of computer-driven protocolized weaning from mechanical ventilation.
Am J Respir Crit Care Med 2006; 174:894-900.

m Schadler D, Engel C, Elke G, et al. Automatic control of pressure
support for ventilator weaning in surgical intensive care patients. Am J
Respir Crit Care Med 2012; 185:637-644.

m Burns KEA, Lellouche F, Lessard M, et al. Wean earlier and
automatically with new technology: results of the wean study. Am J
Respir Crit Care Med 2013 Jun 1;187:1203-11.




SmartCare®/PS zaveéry

m Zvazit pouziti, je-li k dispozici

m Prinos pfedevSim na zatizeném pracovisti




INTELLIVENT®-ASV

m Automaticky ventilacni rezim (full closed loop
ventilation)

m Zalozeny na Adaptive Support Ventilation (ASV)

+ Na zaklad¢ méfenych parametra voli kombinaci Vt, DFa Ti s

"\ v/

m Expertni komponenty systému
Automaticka uprava cilove minutové ventilace
Automaticka Uprava PEEP a FiO,
® Moznost automatického testovani pripravenosti k
odpojeni




ExspiraCni Casova konstanta

Normalni: 0.6-0.9 s

Céhit
LA rin

Restriktivni:< 0.6 s

Obstruktivni:> 0.9 s




The close loop algorithm

Clinician sets minute ventilation

Evaluation of patient
(RCexp)

o~

~

Calculation of target RR

and V
- Adjust Pinsp and RR to

\. reach the target

NV

Jean Michel Arnal, 2014




Kontraindikace

m Pritomnost leaku — absolutni Kl
¢ NIV
¢ Bronchopleuralni komunikace

= Nepravidelny dechove vzor - relativni Kl
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Kombinace PEEP a FIO,
i.,,
4

~

Garnero A, 2014




Moznost uzivatelské limitace rozsahu PEEP
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Feasibility study on full closed-loop control
ventilation (IntelliVent-ASV ") in ICU patients with
acute respiratory failure: a prospective
observational comparative study

Jean-Michel Amal'#", Aude Garnero', Dominik Novonti?, Didier Demory', Laurent Ducros', Audrey Berric',
Stéphane Yannis Donati', Gaélle Corno', Samir Jaber® and Jacques Durand-Gasselin'

Method: This prospective observational comparative study included 100 consecutive patients who were invasively
ventilated for less than 24 hours at the time of inclusion with an expected duration of ventilation of more than 12
hours. Patients were ventilated using Intellivent-ASV™ from inclusion to extubation. Settings, automatically selected
by the ventilator, delivered ventilation, respiratory mechanics, and gas exchanges were recorded once a day.

Results: Regarding feasibility, all patients were ventilated using IntelliVent-ASV™ (392 days in total). No safety issues
occurred and there was never a need to switch to an alternative ventilation mode. The fully automated ventilation

wad used for 95% of the total ventilation time.

ntelliVent-ASV™ selected different settings according to lung

condition in passive and active patients. In passive patients, tidal volume (V7), predicted body weight (PBW) was
significantly different between normal lung (n = 45), ARDS (n = 16) and COPD patients (n = 19) (8.1 (7.3 to 89)
mL/kg; 7.5 (6.9 to 7.9) ml/kg; 9.9 (83 to 11.1) ml/kg, respectively; P 0.05). In passive ARDS patients, FiO, and
positive end-expiratory pressure (PEEP) were statistically higher than passive normal lung (35 (33 to 47)% versus 30
(30 to 31)% and 11 (8 to 13) cmH,0 versus 5 (5 to 6) cmH,0, respectively; P< 0.05).

Arnal et al. Critical Care 2013, 17:R1956
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Figure 2 Tidal volume selected by IntelliVent-ASV™": Tidal volume on predicted body weight ratio for normal lung patients, ARDS and
COPD patients. For each lung condition, all patients, passive patients and active patients are shown on the left, middle and right box plot,
respectively. Comparisons used a Kruskal-Wallis analysis of variance with a Dunn's post hoc test. *P =0.05. ARDS, acute respiratory distress
syndrome; COPD, chronic obstructive pulmonary disease.

L.

Amal et al. Critical Care 2013, 17:R196




Frangois Lellouche Evaluation of fully automated ventilation:

Pierre-Alexandre Bouchard

Serge Simard a randomized controlled study in post-cardiac
Erwan L’Her -
Marc Wysocki surgery patients
Intensive Care Med (2013) 39:463—471
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Table | Predefined zones of ventilation

Optimal Acceptable” Mot acceptable”
TV (mlkg of PBW) 610 =10-12 =12
EtC0O, (mmHg) 3045 <30-25 <25
=45-50 =351

Platean pressure (cmH,0) =30 31-35 =35
Sp0, (%) 9408 (=% if RO, <40 %) Q3-85 <HB5

* Lasting more than 30 s




INTELLIVENT®-ASV zavéry
m NejkomplexnéiSi automatizovany rezim

m Piinasi informace o vlastnostech resp. systemu a
specifickym zpuisobem prohlubuje znalosti
oSetrujiciho 1¢kare

m Plné pouzitelny v denni praxi pro valnou vétSinu
klinickych situaci (validita mereni)




Vyvoj pohledu na protektivni plicni ventilaci




Co je to protektivni plicni ventilace?

m Forma UPV, respektujici urcita pravidla, jejichz
cilem je minimalizovat poSkozeni plic zpusoben¢
UPV (VILI)

m Tradi¢ni komponenty
Limitovana velikost dechoveho objemu (cca 6 ml/kg)
Limitovany endinspirac¢ni tlak (do cca 30 cm H,O)
Pouziti ,,vhodného* PEEP
Pouziti ,,netoxickych* koncentraci FiO,




Tradi¢ni koncepce plicniho poSkozeni pri
UPV

m Atelektrauma
m Volutrauma

Strukturalni disrupce
= Biotrauma

Barotrauma

= Nevzdusnost, pneumokely, ,,neustupujici ARDS*,
MODS




ProC k poSkozeni plic dochazi?

UPV dodava do plic m Energie je

mechanickou energii, spotfebovana pfi
ktera je v plicich deformaci elastickych
castecné pohlcovana vlaken a zmeéendach
energytrauma* povrchoveho napéti v

alveolech

,,mechanical power*
Gattinoni L, 2016




ProC k poSkozeni plic dochazi?

energii/entropii lze
zjistit z hystereze o L e
kiivky tlak/objem a ! ntspifinohars preseby LG
poCtu dechovych cyklu

inspiration
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= Rozdil mezi dodanou a <o
odevzdanou % ol
= | expiration

Oliveira CLN, Araujo AD, Bates JHT, Andrade
JS Jr. and Suki B (2016) Entropy Production
and the Pressure—Volume Curve of the Lung.

Front. Physiol. 7:73.




Faktory determinujici velikost hystereze

Volume

= Dechovy objem
m Transpulmonalni tlak

m Interakce na rozhrani
voda/vzduch

¢ funkce surfaktantu

¢ alveolarni a bronchialni
recruitment Transmural Pressure Gradient
‘ recru itabi I ita - VySOké Radford EP Ir. Static mechanical properties of mammalian lungs. In:

Fenn WO, editor. Handbook of physiology. Bethesda: American

riZ i kO V I L I Physiological Society: 1964—19%65:429-449,

Expiration

Inspiration




Faktory determinujici velikost hystereze

Volume

= Dechovy objem
= Transpulmonalni tlak

m Interakce na rozhrani
voda/vzduch

¢ funkce surfaktantu

¢ alveolarni a bronchialni
recruitment Transmural Pressure Gradient
‘ recru itabi I ita - VySOké Radford EP Ir. Static mechanical properties of mammalian lungs. In:
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Typ plicni patologie
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Oliveira CLN, Araujo AD, Bates JHT,
Andrade JS Jr. and Suki B (2016)
Entropy Production and the Pressure—
Volume Curve of the Lung. Front.
Physiol. 7:73.




Faktory determinujici velikost hystereze

= Dechovy objem
= Transpulmonalni tlak | ™%
m Interakce na rozhrani

o AR IKFLATION

;
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voda/vzduch
+ funkce surfaktantu olf

¢ alveolamni abronchidlni 7 e
recruitment S

‘ recru Itabl I Ita - VySOke Radford EP Ir. Static mechanical properties of mammalian lungs. In:

- Fenn WO, editor. Handbook of physiology. Bethesda: American
rIZI ko VI LI Physiological Society; 1964—1965:429-440.




How large is the lung recruitability in early acute
respiratory distress syndrome: a prospective case
series of patients monitored by computed
tomography hpiccorumcomiconren16/1RA
Gustavo FJ de Matos', Fabiana Stanzani', Rogerio H Passos', Mauricio F Fontana', Renata Albaladejo’,

Raquel E Caserta', Durval CB Santos?, Jodo Batista Borges™, Marcelo BP Amato® and Carmen SV Barbas'~"
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Figure 4 Histogram for the amount of potentially recruitable lung observed in our sample of patients (N = 45). Dashed lines represent
the equivalent histogram described by Gattinoni and cols. in a previous publication [29].



Ventilator-related causes of lung injury:
the mechanical power

— . RE . ~ ) . 3 . .7
L. Gattinoni' ", T. Tonetti', M. Cressoni?, P. Cadringher?, P Herrmann', O. Moerer', A. Protti®, M. Gotti,
C. Chiurazzi®, E. Carlesso?, D. Chiumello® and M. Quintel'

= Pohlcena energie na

b 1 dechcca0,7az0,8
T J (ARDS)

m Mnozstvi dodaneé
energie koreluje s
plicnim postizenim

m Hranicev

Volume (mL)
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experimentu 12j/min
PEEP Plateau  Peak .
Pressure Pressure Cressoni M’ et al.
Pressure (emH,0) .
Anesthesiology,

2016:124(5):1100-8

Intensive Care Med (2016) 42:1567-1575




Ventilator-related causes of lung injury:
the mechanical power

— . RE . ~ ) . 3 . .7
L. Gattinoni' ", T. Tonetti', M. Cressoni?, P. Cadringher?, P Herrmann', O. Moerer', A. Protti®, M. Gotti,
C. Chiurazzi®, E. Carlesso?, D. Chiumello® and M. Quintel'

(14+1:E)

60 -1:E

> | ]
Powerrs = RR - {ﬁ'ﬁ‘ : {E - Els +RR - - .r“f.aw} + AV F’EEF‘}J

RR — dechova frekvence

Elrs — elastance resp. systemu
Raw — resistance resp. Systému
AV — dechovy objem

|:E — pomér inspiria a exspira
PEEP - endexspira¢ni tlak

Intensive Care Med (2016) 42:1567-1575




Vyznam jednothivych faktoru

Mechanical power: components
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Intensive Care Med (2016) 42:1567-1575



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

Yasukl Funtal, YosHiko MaAepA!, Yun Funno', AKINORI UcHIYAMA!, TAKASHI MASHIMO?,

and MAsAJ1 NISHIMURA® T Anesth [2{}06) 20:96-101
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Effect of peak inspiratory flow on gas exchange, pulmonary
mechanics, and lung histology in rabbits with injured lungs

Yasukl Funtal, YosHiko MaAepA!, Yun Funno', AKINORI UcHIYAMA!, TAKASHI MASHIMO?,

and MaAsaJl NISHIMURA® T Anesth [2{}06) 20:96-101

V group P group P

I —

Pao,/Fl,, ratio <200 07 37 0.0

Wet-to-dry ratio 0.3 £ 0.5 7.7+0.9 <0.01
Lung injury score

Total 2 - 0.60
Upper lobe 2 2 0.85

Lower lobe 6 8 0.28




Vv mspiracniho Casu
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Rizikovost nastaveni ventilatoru*

(compliance)

Plicni nehomogenita, recruitabilita

= D. Masari et al. Determinants of energy dissipation in the
respiratory system during mechanical ventilation. Crit Care|
2015; 19(Suppl 1): P247.

m Vztah velikosti dechoveho objemu/EELV \

m Driving pressure (Ppl — PEEP)
m Dechova frekvence, I:E
m Vysok¢ inspiracni flow ?




Driving pressure
m Tlakovy gradient mezi PEEP a Ppl
AP = Vt/compliance

= Compliance
¢ odrazi objem vzdusné plicni tkané (EELV)
¢ odrazi stupen hyperinflace (EILV)




Airway driving pressure and lung stress in
ARDS patients

Davide Chiumello'?", Eleonora Carlesso®, Matteo Brioni® and Massimo Cressoni®

Sensitivity

Lung stress 24 cmH, O

1.0 1
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0,6 1

0.4 4

0,2 1
AUC = 0.864
Cut off = 15.0 emHo0

.
0,0 1
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1 - Specificity

Sensitivity

Critical Care (2016) 20:276

Lung stress 26 cmH,0

1.0 1
0,8 1
0,6 1
0,4 1
0.2 1 comd
AUC = 0.857
Cut off = 16.6 cmHz0
0,0 1
T T T
0,0 0,2 0.4 0,6 0,8 1,0

1 - Specificity

yoafety limit* 15 cm H,O piti PEEP 15 cm H,0



Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.,
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Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.,
Resampling A: Resampling B: Resampling C:
Matched PEEP Matched AP Matched Plateau Pressure

40

AP
AP

PEEP

Airway Pressure (cm of water)

PEEP

566 577 696 568 582 604 574 592 622 597
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K ¢emu je tedy dobry PEEP?

m Brani ztraté vzdusnost1 v ¢ase
riziko derecrutimentu
® Umoznuje udrzet Paw bez nutnosti pouzit velke
objemy
oxygenace, vzdusnost, PVR
sniZzuje energytrauma
= Eliminuje ,,stress risers
homogenita, snizuje hysterezi




Kdy prakticky uvazovat o nutnosti protekce?

Vzdy, ale hlavné¢ pii:
= Dlouhodobé ventilaci (vice nez hodiny)

m Soucasné plicni patologie vedouci k :
¢ Poklesu FRC
¢ Dysfunkci surfaktantu
¢ TjJ. snizeni plicni poddajnosti
m Pritomnosti rizikovych faktoru pro ARDS




Kdy je problém VI(A)LI skutecné aktualni ?

Ppl nad 20 cm H,O
Pa0,/F10, méné nez 2(3)00 mmHg
Driving pressure nad 15 cm H,O

Nemocni s extremnim dechovym usilim

Vysoky transpulmonalni tlak pii prim. plicni patologi a
| nizkych Ppl pod 20 cm H,0




Recruitment

Manouvers
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Na co se zamérit?

= Vychozi nastaveni (PEEP 5, TV 6-8 ml/kg PBW),
FiO, 0,4, DF 15 d/min)

m Kontrola driving pressure (DP), oxygenace,
ETCO,

"\ v/

Odrazi dechovy objem a compliance (tj. % nevzdusne
tkang¢ 1 hyperfinlaci)

m Dekrementalni titrace PEEP
Dle driving pressure + RM (v ¢asné fazi ARDS)




Open Lung Approach for the Acute Respiratory
Distress Syndrome: A Pilot, Randomized
Controlled Trial*

Robert M. Kacmarek, PhD, RRT, FCCM"% Jesus Villar, MD, PhD, FCCM*#;

Demet Sulemanji, MD'% Raquel Montiel, MD?*; Carlos Ferrando, MD, PhD®;

Jestis Blanco, MD, PhD*’; Younsuck Koh, MD, PhD, FCCM?; Juan Alfonso Soler, MD, PhD?;
Domingo Martinez, MD'’; Marianela Herndndez, MD"'; Mauro Tucci, MD, PhD'%

Joao Batista Borges, MD, PhD'%; Santiago Lubillo, MD, PhD?; Arnoldo Santos, MD, PhD";

Juan B. Araujo, MD"; Marcelo B. P. Amato, MD, PhD'?; Fernando Sudrez-Sipmann, MD, PhD*'%;

(Crit Care Med 2016 44:32-42)

the Open Lung Approach Network

After randomization settings

Ventilator mode

V, target

V, range

Respiratory rate

PEEP

Recruitment maneuvers

Inspiration: expiration ratio

Arterial pH goal

Plateau pressure goal

Partial pressure of arterial oxygen goal

Oxygen saturation by pulse oximetry

Open lung approach

PC

6mlL/kg PBW
4-8mlL/kg PBW
< 35 breaths/min
Set using decremental PEEP trial
Yes

1:1-1:3

=730 and < 745
<30ecmH,0
55-80mm Hg
88-95%

Acute Respiratory Distress
Syndrome network protocol

VC

6mL/kg PBW
4-8ml/kg PBW
< 35 breaths/min
Set using Fio,-PEEP table
No

1:1-13

> 730 and < 745
<30cmH,0
b5—80mm Hg
88-9b%




100 1

ULA

0 - Control

Survived patients (%)

0 10 20 0 a0 50 80
Days after randomization

Randomization

Variables

Plateau pressure ARDSnet 262143 252146 245+5.1 244+48 248+5H9
(cm H,0) OLA 261247 279+£3.8% 26.2+3.9¢ 248+39 237160
Mean airway ARDSnet 179£3.7 173+£32 165+£46 165+£48 168158
pressure (cm H,0) (5 5 184+37 006+3 6+ 197 +4.7¢ 165+4.3 167+47
PEEP (cm HEO) ARDSnet 120+2.4 116+25 10.7+£3.3° 10.4+3.7° 105+35¢
OLA 118024 15.8+3.8+ 14.3+3.9:¢ 125+3.9¢ 11.9+44

Driving pressure ARDSnet 142+39 13.8+37 136+38 13.3+34 13.9+41

(em H,0) OLA 140+43 11.8+3.5% 11.4+3.1¢4 12.4+32 1258+38




Kde je limit inspiracniho tlaku?

,Bezpecny* inspiracni transpulmonalni tlak je
cca 24 cm
Pii direktnim plicnim postizeni vysoka variabilita,
E,/E.=0,8-0,9
= Max. Ppl =24/0,8-0,9 cm H,0 =27-30 cm H,O
m Priindirektnim ARDS je az cca 50% elastance
respira¢niho systému tvoreno elastanci plic a 50%
elastanci hrudni stény tj. E, /E,. = 0,5

Hodnoty i nad 40 cm H,O mohou byt bezpecné

Me¢feni jicnového tlaku, korekce na IAP (-50% IAP)




Co délat, kdyz nelze dosahnout stanovené
cile?

m Redukce dechoveho objemu (4-6 ml/kg)
m Testovani recruitability - recruitment manevry
® Pronacni poloha (recruitment manévr)

= Metody ke snizeni produkce a zlepseni eliminace
CO, permisivni hyperkapnie

m Akceptace permisivni hypoxemie

B Zvazeni mimotélnich metod
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