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O čem si budeme povídat 

• Patofyziologie / restriktivní onemocnění 

 

• Ventilace ARDS ….. Open lung koncept 

• ARMA study  

• Protektivní ventilační strategie, PEEP 
 

• Driving pressure, Ergotrauma, Mechanical power 
 

• Jak nastavit ventilátor? 
 

• Mimo nastavení UPV – Pronace, Evakuace fluido 

 



Patofyzilogie 

Co je restriktivní onemocnění :  

anatomická nebo funkční ztráta 

difůzní plochy pro výměnu plynů 

Snížení: 

C – kompliance,  

VC, FRC a difůzní kapacity 

 

Silbernagl S., Lang F., Atlas patofyziologie člověka, 1.vydání, Grada 2001 



Normal: 0.6-0.9 s 

CSTAT = 60 mL/cmH20 

REXP  = 12 cmH2O.s/L 

RCEXP 

2.0 s 

1.2 s 

Restrictive: < 0.6 s 
CSTAT = 35 mL/cmH20 

REXP  = 12 cmH2O.s/L 

Obstructive: > 0.9s 

CSTAT = 60 mL/cmH20 

REXP  = 20 cmH2O.s/L 

3.2 s 



Pokud nastavíte   

dechový objem  

pak  

vrcholový inspirační tlak / gradient 

je dán rovnicí: 

Compliance 

 je „konstantní“ 

                    (v čase se mění) 

CRS= 
Vt 

  ΔP 

ΔP  = 
Vt 

CRS 

ΔP = VT
 × Etot 



Inspirační ΔP / transpulmonální ΔP 





• prevalence 15-62% medical ICU            (Mattison LE: Chest 1997)  

• vyšší  sensitivitu a specificitu než RTG  (80-83%, 150-300ml)    

• vylučuje bazální plicní alveolární konsolidaci / atelektázu 

                      (hepatizace bez dynamického air bronchogramu) 

• „cílená thorakocentéza“  

• thorakocentéza:  

     1) kratší LOS 

     2) trend k nižší mortalitě 
   (Fartoukh,Chest 2002, Adenigbagbe,Chest 2007) 

UZ -  identifikace FLUIDOTHORAXU 
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3) FOB toaleta 



Open up the lung and keep the lung open 

Lachmann B, ICM, 1992 

PEEP 

          RM 

časová konstanta 

Recruitment maneuver (RM) 



Použití PEEPu 



Použití PEEPu / RM 



Efekt PEEPu na mortalitu ARDS? 

Briel, JAMA, 2010 



Efekt PEEP u na mortalitu ARDS? 

Briel, JAMA, 2010 



Lower Tidal Volume Trial - ARMA study 

NEJM, 2000 

10 univers. centers, 1996-1999 

ARDS paO2/FiO2 < 300, 432 (6ml/kg) vs 429 (12ml/kg) pts 

volume-assist–control 

PBW = M 50 / F 45.5 + 0.91(centimeters of height-152.4) 

 

12 ml/kg PBW +  Pplat (0.5s)  =< 50 cmH2O 

 vs. 6 ml/kg PBW +  Pplat (0.5s)  =< 30 cmH2O 

 

• primary outcome was death before a patient was 

discharged home and was breathing without assistance.  

• second primary outcome was the number of days without 

ventilator use from day 1 to day 28 
 

 

 

 

 

 

 



Lower Tidal Volume Trial - ARMA study 

NEJM, 2000 



Lower Tidal Volume Trial - ARMA study 

NEJM, 2000 



Driving pressure  ΔP  

Amato, NEJM, 2015 

respiratory-system compliance CRS is strongly related to the 

volume of aerated remaining functional lung during disease 

(termed functional lung size) 
 

driving pressure ΔP = VT / CRS, in which VT is intrinsically 

normalized to functional lung size (instead of PBW lung size 

in healthy persons), more strongly associated with survival 

than VT or PEEP 

                   ΔP = Pplat – PEEP 
 

• 3562 patients with ARDS enrolled in nine previously reported 

randomized trials 
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Driving pressure  ΔP  
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≜ 



Driving pressure  ΔP  

Amato, NEJM, 2015 



Driving pressure  ΔP  

Amato, NEJM, 2015 

Higher plateau pressure: 

Not always risky 

Higher PEEP:                   

Not always protective 



RR – dechová frekvence, Elrs – elastance resp. Systému, Raw – resistance resp. Systému,  

V – dechový objem, I:E – poměr inspiria a exspira, PEEP – endexspirační tlak 

Gattinoni, Intensive Care Med, 2016 

Energytrauma / Ergotrauma         

           Mechanical Power 

In 30 patients with normal lungs and in 50 ARDS patients 

mechanical power was computed via the power equation 

and measured from the dynamic pressure–volume curve  

at 5 and 15 cmH2O PEEP and 6, 8, 10, and 12 ml/kg TV 



Pohlcená energie na  

1 dech cca 0,7 až 0,8 J 

(ARDS) 

Množství dodané 

energie koreluje s 

plicním postižením 

Hranice v experimentu 

12j/min 
                    Cressoni Anesthesiology, 2016 

measured energy, i.e. the area of the trapezoid described by the inspiratory blue line,  

Peak pressure line (major base), the PEEP line (minor base)  

TV line (height) was 0.77 J, computed was 0.80 J.  

With the RR = 18 bpm, the measured power was13.9 J/min and the computed was 14.4 J/min Gattinoni, Intensive Care Med, 2016 

Energytrauma / Ergotrauma         

           Mechanical Power 



Význam jednotlivých faktorů 

Nastavení ventilátoru 

Nejvýznamnější Vt, flow, driving 
pressure (exponent = 2) 

Méně dechová frekvence (exponent = 1.4) 

Nejméně PEEP (lineárně) 

 

Plicní patologie 

Více důležitá elastance 

Méně významná rezistance 

Gattinoni, Intensive Care Med, 2016 



Mechanical Power 

• Vt 38ml/kg ( 27cm Ppeak) that was lethal at 15 breaths/min 

           (ZEEP, after 54hours) 

 

      was not lethal at 3, 6, and 9 breaths/min  

                            

•                                        11ml/kg x 35 RR - 22 ml/kg x 35 RR 

 

mechanical power threshold at approximately 12 J/min 
  

Cressoni, Anesthesiology 2016 



Driving pressure  ΔP  

Guerin, CC, 2016 

 

805 patients of ACURASYS and PROSEVA trial  

787 had day-1 data available, and 533 of these 

survived 

 

• ΔPrs averaged 13.7 ± 3.7 and 12.8 ± 3.7 

cmH2O      (P = 0.002) in nonsurvivors and 

survivors 



Driving pressure  ΔP  
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Driving pressure  ΔP  

  cíl nastavení!!! 

Bugedo et al. Critical Care, 2017 



Driving pressure  ΔP  
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Možnosti mimo UPV? 

 



Efekt PRONACE na mortalitu ARDS? 

Sud, ICM,2010 



PROSEVA trial 

• multicenter, prospective, randomized, controlled trial 

• 26 ICUs in France and 1 in Spain, all of which have used prone 

positioning in daily practice for more than 5 years 

• 237 pts. prone / 229 pts. supine group,  

• Sever ARDS paO2/FiO2 < 150, FiO2 > 0.6 

• Vt 6ml/kg, Ppeak < 30 cmH2O, pH 7.20 - 7.45 

 

 

• stopping prone: improvement in oxygenation  

(Pao2:Fio2 ≥150, with a PEEP of ≤10 cm of water and an Fio2 of ≤0.6) 

Guerin,NEJM,2013 
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PROSEVA trial 

• 28-day mortality was P 16.0% vs. S 32.8% (P<0.001).  

• Unadjusted 90-day mortality P 23.6% v.s. S 41.0% (P<0.001) 

• incidence of complications did not differ significantly between the 

groups, except for the incidence of cardiac arrests, which was higher in 

the supine group 

 

Guerin,NEJM,2013 



Effect of SEMI-PRONE 135° / lateral 90° 



Effect of SEMI-PRONE 135° / lateral 90° 



UZ cílená thorakocentéza 

transversální rovina 

LUQ 



UZ kontrola po evakuaci / HD 

před talc slurry 

pleurodézou nutná 

KOMPLETNÍ evakuace 

sliding vylučuje PNO 



PCV RM  monitorace UZ 
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PCV RM  monitorace UZ 



po 18 hodinách pronace + ALT po 48 hodinách ….. pronace + ALT 

po 72 hodinách ….. start weaningu 

PCV RM  monitorace UZ 



ALT – Automatic Lateral Therapy 



Jak ventilovat? 

• Vt 6ml/kg/ PBW? …..  ΔP<=15 (13) 

• Ppeak < 30/27cm H2O  

• Mechanical power < 12j/min???       

                    ……….    lepší zvyšovat DF 

• optimalizovat PEEP 

• homogenizace / RM …. reareace  

• pronační poloha / polohování / ALT? 

• SONO, FOB toaleta 

 




