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• ventilation lumen ~ 2.3 mm 
• pressure measurement lumen 
• cuff lumen  

Tritube (Ventinova): Three in one 

Enk D: patent application 10 2009 013 205.8, DPMA, 17.3.2009 
Enk D: patent 5655219, JPO, 21.1.2015 

three lumens: 
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Tritube (Ventinova): Three in one 

Kristensen MS et al.: Acta Anaesthesiol Scand 61 (2017) 580-589 

• intubating catheter / stylet 
• definitive airway 
• extubating catheter / O2-probe 

three functions: 
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Tritube (Ventinova): Three in one 

courtesy of M. Lacko (MUMC, Maastricht, The Netherlands) 
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• less obstruction of the airway 
• (elective) seal of the lung 
• full control on the lung 

Tritube (Ventinova): Three in one 

Enk D: patent 102355920, SIPO, 22.7.2015 
Enk D: patent 2560506, Rospatent, 20.8.2015 

three benefits: 
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Ventilation: Relying on passive expiration 

Is today‘s ventilation really controlled ? 
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Euroanaesthesia, Berlin, industrial exhibition, Ventinova Medical, 31.5.2015 

Controlling inspiration and expiration 

4th European Airway Congress (EAC 2017) 
Berlin (Germany), October 4 - 7, 2017 



Lung injury: The „driving pressure“ concept * 

But how to go from PEEP  
to PIP / inspiratory plateau 

pressure and back to PEEP ? 

Amato MB et al.: N Engl J Med 372 (2015) 747-755 * 
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Δ pressure 
time 

Lung injury: „Driving pressure“ and time 
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Ventilation as a matter of energy exposure 
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Static compliance curve 
(„super syringe method“) 

volume 

pressure 
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Static compliance curve: LIP and UIP 

volume 

lower inflection point ~ recruitment 

upper inflection point 
~ overdistension 

pressure 
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volume 

lower inflection point ~ recruitment 

upper inflection point 
~ overdistension 

pressure 

Static compliance curve: LIP and UIP 
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volume 

Static compliance curve: PEEP 

pressure PEEP 
recruitment 
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volume 

Static compliance curve: Ideal inspiration 

pressure PEEP 
recruitment 
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volume 

Static compliance curve: Ideal expiration 

pressure PEEP 
recruitment 
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Δ pressure  •  flow  =  

Pressure, flow, energy and power 

Δ (pressure  •  volume) 
 

time 
= 

=  power 
Δ energy 

 

time 

Δ volume 
 

time 
Δ pressure  •  = 
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volume 

Ideal inspiration and storage of energy 

inspiratory elastic work 
= lossless storage of 
potential energy, if no 

resistance to flow 

pressure PEEP 
recruitment 
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volume 

Ideal expiration and recovery of energy 

expiratory elastic recoil 
= full recovery of energy, 
if no resistance to flow  

pressure PEEP 
recruitment 
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volume 

Real inspiration and energy 

inspiratory elastic work 
= potential („stored“) energy 

+ 
inspiratory resistive work 

= dissipated („lost“) energy  

pressure PEEP 
recruitment 
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expiratory elastic work 
= recovered energy 

+ 
expiratory resistive work 

= dissipated („lost“) energy  

volume 

Real expiration and energy 

pressure PEEP 
recruitment 
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expiratory elastic work 
= recovered energy 

+ 
inspiratory and expiratory 

resistive work 
= dissipated („lost“) energy  

volume 

Ventilation cycle and energy 

pressure PEEP 
recruitment 
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Ventilation cycle and energy 

hysteresis of PV loop 
= dissipated („lost“) energy  

pressure 
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Lung injury and dissipated („lost“) energy 

Only dissipated („lost“), but not 
recovered energy is the „bad guy“, 

which can harm the lungs. 
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Cressoni M et al.: Anesthesiology 124 (2016) 1100-1108 

Lung injury and mechanical power 
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Cressoni M et al.: Anesthesiology 124 (2016) 1100-1108 

Lung injury and mechanical power 
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The threshold value: An analogy 

12 J / min is about three calories / min. 
This is the amount of energy 

required to warm up one ml of water 
in one minute by three degrees. 
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Lung injury and mechanical power 

Cressoni M et al.: Anesthesiology 124 (2016) 1100-1108 
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(Peak) flow and dissipated („lost“) energy 

high (peak) flow    versus      low (peak) flow  

Δ pressure 
time 
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(Dissipated) energy and power peaks 

Snickers (US bar = 57 g) 

dynamite (stick = 190 g) 
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(Dissipated) energy and power peaks 

Snickers (US bar = 57 g): 
280 kcal / 57 g = 
1.17 MJ / 57 g = 

20.5 MJ / kg 

dynamite (stick = 190 g): 
1 MJ / 190 g = 
5.26 MJ / kg 

https://ndb.nal.usda.gov/ndb/foods/show/6186?manu=&fgcd=&ds= 
http://www.chemistryviews.org/details/ezine/3622371/145_Years_of_Dynamite.html 
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Pressure Controlled Ventilation 
(= highly dynamic inspiratory and expiratory flow) 

volume 
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hysteresis of PV loop 
= dissipated („lost“) energy  

pressure 
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Volume Controlled Ventilation 
(= stable inspiratory, highly dynamic expiratory flow) 
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smaller  

hysteresis of PV loop 
= less 

dissipated („lost“) energy 

pressure 
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Prototype Evone (Ventinova) 

University Hospital Freiburg, ventilation laboratory (Prof. S. Schumann), 26.2.2016 
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Prototype Evone: Energy controls 

University Hospital Freiburg, ventilation laboratory (Prof. S. Schumann), 26.2.2016 
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minimal 
hysteresis of PV loop 

= minimal  
dissipated („lost“) energy  

Flow Controlled Ventilation with Evone 
(= continuous, stable inspiratory and expiratory flow) 

volume 

pressure 
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Lung injury and (peak) flow 

Higher flow and flow peaks result in … 

• more resistive work  
• more dissipated („lost“) energy  
• intratidal power peaks 
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Ventilation and intratidal power profile 

courtesy of T. Barnes (STS Ltd., Warlingham, Great Britain) 
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Lung injury, pressure and flow 

Minimal exposure of the lung tissue to energy 
over time (i.e. avoidance of power peaks) 

demands slow and continuous pressure changes 
at optimal compliance by a continuous, stable 
flow (without relevant pause phases) during 

inspiration and also (an equally long) expiration. 

Enk D: patent application 10 2016 109 528.1, DPMA, 24.5.2016 
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Static compliance curve in ARDS 
(„super syringe method“) 

volume 

pressure 

UIP 

LIP 
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PCV in ARDS 

volume 

pressure 

UIP 

LIP 
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PCV in ARDS: Too much dissipated energy ! 

volume 

pressure 
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PCV versus FCV in ARDS 

volume 

pressure 
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Lung injury and HFOV 

HFOV = knight in 
shining armor ? 

Ferguson ND et al.: N Engl J Med 368 (2013) 795-805 
Young D et al.: N Engl J Med 368 (2013) 806-813 
Fan E et al.: Am J Respir Crit Care Med 195 (2017) 1253-1263 

from: http://blog.hmns.org 
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Gattinoni L et al.: Intensive Care Med, 22.3.2017 (doi: 10.1007/s00134-017-4770-8) 

Lung injury and mechanical power 
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Lung injury and mechanical power 

Gattinoni L et al.: Intensive Care Med, 22.3.2017 (doi: 10.1007/s00134-017-4770-8) 

2002 
 
ARDS all (n = 231) ARDS all (n = 2377) 

2016 
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Evone (Ventinova): Not just one premiere 

• ventilation through a „straw“ 
• fully controlled ventilation 
• energetically optimized ventilation 

Evone is the world‘s first commercially 
available ventilator capable to provide 
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The future is now … 

Cliniques universitaires Saint-Luc, Brussels, OR (Prof. M. Van Boven), 22.9.2017 
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