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Co je mechanicka energie UPV

Parametr souhrnné hodnotici mechanicky vliv pristroje UPV na
plice/respiracni systém

Jedna se o mechanickou energii
o jednoho vdechu — mechanical energy
o dech(l za jednu minutu — mechanical power — J/min

*prognosticky parametr, asociace s mortalitou a VILI

*optimalizace parametru k nizsi ME




K cemu neni a nikdy nebude ME

Nehodnoti vliv FIO2 — hyperoxii indukované plicni postizeni (HALI)
V soucCasné dobé neni znama mezni hodnota pro rozvoj VILI

Nastaveni UPV podle ME jako jediného parametru, zajistujici prevenci VILI



Stanoveni u luzka
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Vhodny vzorec pro dany ventilacni rezim

Znat limitace metody

Geometrickd metoda jako zlaty standard.... Pressure
MONITOR Ol tasacsaman ooy

The Impact of Mechanical Energy Assessment
on Mechanical Ventilation: A Comprehensive
Review and Practical Application

Presné u rizené ventilace...
o Uskali vypoctu u asistované a spontdnni ventilace....
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Jednoducheé vypocty u luzka

Objemoveé fizena ventilace

Volume-Controlled

Varied

Pressure-Controlled

o

Gios et al.

o

Neni potreba inspiracni hold manévr

o

Presny pro Raw 10, max 20 cmH20

o

Dobra korelace s geometrickou metodou

Pressure

_ Vt(Ppogx+PEEP+F6)
20

ME




Jednoducheé vypocty u luzka

Tlakoveé Fizena ventilace

Flow

o Becher et al.

o Prisné ¢tvercova krivka zavislosti

Varied
tlaku na Casu
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Jednoducheé vypocty u luzka

Yolume-Controlled

Tlakoveé rizena ventilace ﬂ F
o Becher et al. \/

o Zohlednéni Tslope Varied

o V praxi hodnoceni se :
zanedbatelnym zpresnénim =
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Jednoducheé vypocty u luzka

Paw

Pressure support PS

UPV s tlakovou podporou "

> Plice jsou rozepinany Trigger window for
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Specificka ME

ME vztazena k ventilovatelné plici
o K plicni poddajnosti

Focal ARDS Diffuse ARDS

ME vztazena k BMI pacienta

Absorpce ME ventilovatelnou casti plice

Zhu'Y, Peng W, Zhen S, Jiang X. Mechanical power normalized to predicted body
weight is associated with mortality in critically ill patients: a cohort study. BMC
Anesthesiol. 2021;21(1). doi:10.1186/S12871-021-01497-1

Zhang Z, Zheng B, Liu N, Ge H, Hong Y. Mechanical power normalized to predicted
body weight as a predictor of mortality in patients with acute respiratory distress
syndrome. Intensive Care Med. 2019;45(6):856-864. doi:10.1007/S00134-019-05627-9
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Specificka ME

o Zohlednit heterogenitu = homogenni plice / heterogenni s
cetnymi okrsky delsi Casové konstanty difuzné rozmisténé v plici
/ loziskové postizeni, konsolidace

> bude jiny dynamicky strain na rozhrani ¢etnych lozisek /
loziska jednoho

o Prepocitat na PODDAJNOST
o Stale bude zkresleno poddajnosti hrudni stény.....

° Pokud je méreno v realném cCase bude zohlednovat aktualni
realnou velikost ventilovatelné plice

Hypoteticky bude zranujici jen ta cast energie, ktera prekroci limit
pro vznik takovéhoto postizeni

Estimating the Damaging Power of High-Stress Ventilation

John J Marini, Luciano Gattinoni, and Patricia RM Rocco
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Specificka ME

o Zohlednit heterogenitu = homogenni plice / heterogenni s
cetnymi okrsky delsi Casové konstanty difuzné rozmisténé v plici
/ loziskové postizeni, konsolidace

> bude jiny dynamicky strain na rozhrani ¢etnych lozisek /
loziska jednoho

° Prepocitano na PBW
o bude fungovat u spiS u nonARDS pacient(

° Pokud je méreno v realném Case tak se PWB ménit nebude a
predpoklada se tedy Ze se ani neméni baby lung coz neni
pravda

Hypoteticky bude zranujici jen ta cast energie, ktera prekroci limit
pro vznik takovéhoto postizeni

Mechanical power normalized to predicted 2> Estimating the Damaging Power of High-Stress Ventilation
body weight as a predictor of mortality
in patients with acute respiratory distress

John J Marini, Luciano Gattinoni, and Patricia RM Rocco
syndrome



Optimalice UPV parameru dle ME

Gatinnoni et al.

ME =RR-{Vt*-[}-EL +RR- (L+LE) Raw] + Vt - PEEP}

ai-i:E

Vt, DP, Flow,,, zvysuje ME s exponentem 2
PEEP zvySuje ME piiblizné€ linearné
RR zvysuje ME s exponentem 1,4

.....muZe byt vhodné¢ nastavit vyssi PEEP a niz§i RR/Vt/DP......



Asoclace ME s
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Mezni hodnota ME pro vznik VILI

Zvysena ME je asociovana se zvysenim
rizika VILI

Cressoni — ME nad 12 J/min

Co nas zajima na JIP, ale i operacnim sale
o prasata ventilovana stejnym Vt a Ptp zatim co ménili

RR
Guérin (pool analyza Acurasys a Proseva) — ! VySOk? N,IE(rS) nad 17/ r,nm o
12J/min * Normalni ME(rs) ale vysoka specificka
- Rada limitaci studie (bez PEEP, jen prvni den

UPV..))

* Doba po kterou je plice této energii
vystavena

Serpa — 17 J/min (ME rs)



Jak stanovim ME v praxi ?

Vypocet vhodnym vzorcem u ltizka (,
> Jednorazové, ME jen v dany moment VSB TECHNICKA Fl\p
.. P v ;v . , y ||||| UNIVERZITA ‘

o Vliv intervenci, oS péce, manipulace atd neni zohlednén OSTRAVA LT

OSTRAVA

Kontinualni/semikontinualni méreni z parametri UPV
° Diky elektronizaci JIP

Kontinualni vypocet ME v redlném case z PV krivky
° Mozné pouzit geometrickou metodu méreni

o Archivace dat s moznosti hodnoceni s odstupem >







Vyuziti ME - specifickd ME

Analyza databaze MIMIC lll, V.1.4 - data over 50,000 patients admitted to the intensive care unit

at Beth Israel Deaconess Medical Center between 2001 and 2012 — 1301 pacientt ve finadlni analyze

norMP, 10~ J/min/kg p value
quartile 1 quartile 2 quartile 3 quartile 4
=< 166.4 166.4-226.4 226.5-300.9 =301.0
ICU mortality 72 (22.2) a1 (28.0) 85 (26.2) 117(35.9) 0.001
Bas¢ 30-day mortality 102(314) 105 (32.3) 104 (32.0) 123 (37.7) 0284 pvalue
90-day mortality 119 (36.6) 122 (37.5) 123 (37.8) 138 (42.3) 0.442
MF 1cu_Los, day 7.7 (49-115) 8.1(54-124) 0.7 (6.1-14.6) 9.8 (6.0-16.8) < 0001 | 0.001
No| VFD_28, day 21.5(0-24.7) 21.1 (0-24.4) 106 (0-23.4) 156 (0-21.8) < 0001 |0.001
Data are median (interquartile range) or No / Total (%)
norMP mechanical power normalized to predicted body weight, ICU intensive care unit, LOS length of stay, VFD_28 Ventilator-free days at day 28 Anesthesiology

. : , ®
Mechanical power normalized to predicted
body weight is associated with mortality
in critically ill patients: a cohort study

Yanhong Zhu', Wenyong Peng? Shuai Zhen? and Xiaofeng Jiang”*




Vyuziti ME na operacnim sale

Retrospective analysis of 1705 mechanically ventilated patients in their Lung-Protective Ventilation
Initiated in the Emergency Department trial (LOV-ED trial). Their study assessed clinical outcomes
associated with the implementation of the early protocol of lung-protective mechanical ventilation.

Although higher MP was shown to be independently significantly associated with a higher risk for ARDS
development, the results were not too convincing (adjusted odds ratio (OR), 1.03)

CLINICAL SCIENCE ASPECTS

Pulmonary Mechanics and Mortality in Mechanically
Ventilated Patients Without Acute Respiratory Distress
Syndrome: A Cohort Study

Fuller, Brian M.; Page, David; Stephens, Robert J.; Roberts, Brian W.; Drewry, Anne M.; Ablordeppey, Enyo; Mohr,
Nicholas M.; Kollef, Marin H.

Author Information®

SHOCK 49(3):p 311-316, March 2018. | DOI: 10.1097/SHK.0000000000000977



Vyuziti ME na operacnim sale

Pacienti s preexistujicim plicnim postizenim

Vykonu s pacientd s ARDS z JIP

Plicni vykony (lobektomie, pulmonectomie) s nutnosti unilateralni ventilace

Silné heterogenni plicni postizeni / mala ventilovatelna ¢ast plice
o Znacneé vyssi rizika VILI dané absorpci ME na ,,mensi plochu®
° Intenzita ME na plochu...

Ventilace vysokym Vt nemusi byt nutné nebezpecna pokud je vysoka ventilovatelna plocha plice
o ME pusobi na velkou plochu plicniho parenchymu

> Plice na ,prvni pohled” zdrava mlzZe obsahovat ,stress risers“ — mikroheterogenity, které zvysuji stress/strain (sekret
v bronchiolech, mikroatelektazy....)



PERIOPERATIVE MEDICINE

retrospective study, 230,767 elective, noncardiac adult surgical out and ANESTHESIOLOGY
inpatients undergoing general anesthesia between 2008 and 2018 at two T
academic hospital networks in Boston, Massachusetts, were included Mechanical Power during
General Anesthesia and
MP(J/min) = 0.098 x RR x Vt x (PEEP + %:[Pplat — PEEP] + [Ppeak — Pplat ]) Postoperative Respiratory
Failure: A Multicenter
Retrospective Cohort Study
a higher mechanical power was associated with greater odds of Peter Santer, M.0., D.Phi., Luca J. Wachtendorf, cand.med.,
postoperative respiratory failure Phlp Fasstendec WD, Edardo L Cocta,MD,,
Danie Talmor, M.D., M.PH., Matthias Elkermann, M.D., Ph.D.,
(aOR, 1.31 per 5 J/min increase; 95% Cl, 1.21 to 1.42; P < 0.001) st e et

Vt6 ml/kg / 70-kg patient RR 10 PEEP 7, Pplat 14 Ppeak 17 cm H2 O....MP would be 5.6 J/min / adjusted absolute
risk of postoperative reintubation would be 0.8%
increased to 15 breaths/min, Vt 8 ml/kg MP increase to 12.1 J/min / adjusted absolute risk of 1.1%

Based on our findings, this would be associated with a 32% greater risk for postoperative reintubation.



Soucasné pouziti u luzka

Jistota presného méreni
> Nehodnotit nesmyslna Cisla

MErs pod 12 J/min velice pravdépodobné nebudou nebezpecné
MErs nad 12 J/min — snaha o optimalizaci a sniZzeni; zvazovat ECMO

MErs nad 17-20 J/min — velmi silné zvazovat ECMO a sniZeni agresivni
ventilace

+doba kterou je plice takto ventilovana

CAVE: plice s velmi nizkou poddajnosti a tedy s absorpci této energie malou
casti plic




Soucasné pouziti u luzka

Jistota presného méreni
> Nehodnotit nesmyslna Cisla

nebudou pravdépodobné ani hodnoty MErs nad 17 J/min nebezpecné

MErs nad 20-22 J/min budou velmi pravdépodobné nebezpecné i pro zdravou plici

+doba kterou je plice takto ventilovana




Budoucnost ME

Nejsou velké RCT dobre metodicky zvladnuté studie na ARDS pacientech potvrzujici prinos
metody a stanovujici CUT OFF hodnoty pro nebezpecnou ventilaci

Zatim je ME spise teoretickou nez praktickou metodou optimalizace UPV....

Dékuji za pozornost
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