
REDEFINING 
VENTILATION

We can ventilate so much better

Flow-Controlled Ventilation (FCV®)

Evone®
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FIGURE. Setting flow-controlled ventilation requires four parameters: 1) end-expiratory pressure, 2) peak, 
3) inspiration flow and and 4) I : E ratio. At the set flow  rate gas  is insufflated from end-expiratory 
pressure (EEP) until it reaches peak level. Then the flow is reversed and sucked out at the rate to reach 
the set I : E ratio until EEP is reached. The next insufflation follows (Copyright: Ventinova Medical B.V.)
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Flow-Controlled Ventilation (FCV®)

Ventinova Medical introduces Evone®, the first and unique 
mechanical ventilator that provides Full-Controlled 
Ventilation of the entire ventilatory cycle.  

Evone® is an innovative mechanical medical ventilator, 
based on Flow-Controlled Ventilation of both inspiratory 
and expiratory flow.

FCV® creates a stable gas flow into or out of the patient’s 
lungs to generate an inspiration or expiration, respectively.

Inspiration is performed with the set 
(constant) Inspiration Flow until the 
intratracheal pressure reaches the set Peak 
pressure.

Evone® then starts an actively supported 
expiration phase resulting in controlled 
decline in intratracheal pressure until EEP 
with the set I:E is reached.
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continuous 

linear 

identical inspiration: expiration (I:E) flow 

Evone® provides a meticulous 
dynamic measurement performed 

during both inspiratory and 
expiratory flow

Such reliable lung-mechanical data 
even permits a unique way of 
individualized ventilation 

REDEFINING 
VENTILATION

FCV® has an entirely dynamic flow profile, without 
pauses, aiming for linear changes in both volume and 
pressure. There are no abrupt intrathoracic pressure 
drops because of the controlled expiration.

http://bit.ly/FCV-concept

FCV: Full respiratory control



*The benefits of FCV® relating to ventilation 
efficiency or low energy is not influenced by the 
use of the CTA with a conventional endotracheal 
tube or Tritube.

* FCV® ventilation can only be applied when the 
cuff of the endotracheal tube is fully inflated, 
sealing off the trachea from the ambient 
atmosphere and with total intravenous anestheti-
zed (TIVA) patients.

Evone® enables Fully-Controlled Ventilation of a patient 
using various endotracheal tubes (~2 mm ID to ~10 mm ID). 

The ultrathin endotracheal tube, (2.4 mm Internal 
Diameter, 4.4 mm Outer Diameter) with an inflatable 
cuff to secure the airway.

Tritube® *
CTA enables FCV® in the operating room and intensive care unit 
with an easy connection to any conventional endotracheal tube 
(size 5-10 mm ID).

Developed by Ventinova for small lumen 
FCV® ventilation mode.
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Conventional Tube Adapter (CTA)*

Evone® is intended to be used in operating rooms and 
ICU environments in hospitals. All patients >40 Kg. IBW

Higher Flow

Longer 
Expiration

Higher Minute Volume 
and Higher Frequency

Lower Minute Volume 
and Lower Frequency

Lower
EEP

Inspiration Flow and  I:E ratio, affect 
Minute Volume and Frequency:

Higher Inspiratory Tidal 
Volume and  lower 
Frequency

Peak Pressure and EEP determine the 
Inspiratory Tidal Volume and Frequency.

Higher Peak
Pressure

Higher Inspiratory Tidal 
Volume and  lower 
Frequency

Difficult airway
Head (Maxillofacial) and Neck (ENT) Anaesthesia
Tracheal surgery
Tracheostomy

Improves ventilation efficiency in any surgery 
compared with conventional ventilation modes.

FCV results in smooth tidal movements of the 
diaphragm and thoracic wall 

Connection to Double lumen tubes to allow one and two 
lung ventilation

Connection to (laser resistant) MLT-5 and MLT-6 during 
laryngeal surgery.

Coronary Artery bypass
Lung or oesophageal surgery 
Laparoscopic or robotic abdominal surgery
Radiofrequency procedures (cardiac, liver or pancreatic) 
(Optionally use inspiration hold  to mantain PEAK pressure 
or ventilation pause to mantain EEP pressure) 

Connection to conventional single lumen tubes:

http://bit.ly/4fg2V28

Evone®  video 

Note: Minute volume, tidal volume and respiratory 
rate are the result of adjustments to inspiratory flow, 
I:E ratio, PEAK pressure and EEP.
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In the first randomized controlled trial Dr. Schmidt and 
colleagues showed clear clinical benefit of using Tritube 
and FCV® over using a microlaryngeal tube (MLT-6) and 
Volume-Controlled Ventilation (VCV) in patients under-
going laryngeal surgery. 26

Tritube significantly reduced the concealment of 
laryngeal structures and thereby improved surgical 
conditions for surgeons with a lower level of expertise. 
Furthermore, the authors demonstrated that FCV® 

enhanced lung aeration and improved the respiratory 
system compliance, while using similar PEEP and a 
lower inspiratory plateau pressure. 26

Prof. Dr. Hans Mahieu
Laryngologist, Meander Hospital Amersfoort, The Netherlands

Small Lumen
“Tritube makes my life so much easier, as it 
provides a great view and an effective 
ventilation in the compromised airway”

Tritube® improves surgical conditions 
for surgeons.25,26,28,91,93

FCV® enhances alveolar recruitment and 
improves lung aeration compared to 
conventional ventilation modes . 1-6,10,13,18,26

Ultrathin Tritube allowed safe intubation 
and ventilation in extremely narrow airway

In a patient with extreme airway obstruction due to a 
huge thyroid enlargement, Evone and Tritube preven-
ted the use of ECMO to allow required surgery, as 
reported by Dr. Nabil Shallik (Hamad Medical Corpora-
tion, Qatar). Preoperative examination of the patient 
revealed a severe tracheal stenosis with a residual 
airway opening of only 4 mm, excluding the use of 
conventional endotracheal tubes to apply controlled 
ventilation. Instead, Tritube could be passed through 
the stenosis and allowed adequate ventilation using 
Evone during the six hour surgery 35

Shallik et al. Qatar Med J. January 2021 | Volume 2020 | Article 48 35
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Surgical and lung mechanical benefits of 
Tritube and FCV during laryngeal surgery

Glottic visibility for laryngeal surgery: 
Tritube vs. microlaryngeal tube

Adapted from Schmidt et al  EJA 2019
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Potential Benefits Tritube®

The following benefits as compared to Volume 
Controlled Ventilation (VCV) and Pressure Contro-
lled Ventilation (PCV) with conventional endotra-
cheal tubes may be expected while ventilating 
patients in FCV® mode with ultrathin Tritube®:

Offers several new surgical options for 
treatment during ENT/laryngeal/tracheal 
surgery 27, 30, 31, 33-37, 45, 46, 91, 92, 93

Allows awake tracheal placement 36, 45

Allows adequate ventilation of adults in 
combination with Ventrain® or Evone® 
25-30, 33--38, 45-55, 91-93

Is well tolerated in awake patients (>1 hour 
after surgery!) at least as well tolerated as an 
airway exchange catheter 27, 28, 45

Allows talking of intubated patients 27, 28, 45

Allows mask ventilation of intubated patients

Reduces the risk on aerosol generation as 
compared to ventilation in an open airway 38, 91

Provides an easier intubation especially in 
difficult airways 25, 28, 45, 91, 93

Provides unprecedented view of the intubated 
airway during oral, pharyngeal, laryngeal or 
tracheal procedures in adults 45

Provides improved surgical exposure as 
compared to an MLT-6 26, 28

Clear sigh t and non-vibrating vocal cord 

26, 28, 45, 46, 91,93

Jet Mode 
Additionally, Evone has a (High Frequency) 
Jet Ventilation mode, which requires an open airway.  

The maximum driving pressure is limited to 1.5 Bar. 

Jet Mode, can be postoperatively used to liberate the 
patient from FCV® mechanical ventilation with Tritube® 
to stimulate spontaneous breathing. The cuff of Tritube®  
should be fully deflated to enable expiratory gases to 
freely egress. 

Double lumen laser Jet catheter. 

The Jet cycle is governed by three operator 
settings being: 

Frequency
Inspiration Percentage
Driving Pressure 

: typical sequence of Jet breathing cycles is shown. Jet Mode intratracheal pressure 
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FCV® uses relatively low flow rates that range typica-
lly between 8 and 16 L/min to adequately ventilate a 
patient.  

At these lower flows, gas is better able to reach the 
lung units that have higher resistance and the 
dependent lung parts, that have a better perfusion. 

By controlling the expiration flow, FCV® maintains 
airway pressure and keeps the gas longer in the alveoli.  
1, 3, 4, 10 

Thus, FCV® can avoid or delay airway and alveolar 
collapse, and thereby avoid atelectasis while improving 
gas exchange. 3, 4, 10, 13, 18, 26 

Together, FCV® results in a higher efficient ventilation 
as compared to conventional ventilation techniques.
1-6, 10, 13, 15, 16, 18, 26

The first clinical study comparing ventilation of obese patients with FCV® vs VCV was published in BMC Anesthesiology by Weber 
et al. With comparable tidal volumes and lower peak pressures, FCV® better maintained end-expiratory lung volume as compa-
red to VCV (P<0.001) during only seven minutes of ventilation, respectively. This strongly indicates that the constant expiratory 
flow during FCV®, in combination with an elevated mean intratracheal pressure, has a recruiting effect and may help to prevent 
atelectasis often occurring during ventilation of obese patients.

Dr. Abram and colleagues present the first randomized controlled trial to investigate the effect of individually optimized FCV® 

compared to best clinical practice PCV on gas exchange during one-lung ventilation (OLV). In total 46 patients were randomized 
to receive FCV® or PCV for the duration of general anesthesia. After 30 minutes of OLV, the Horowitz index was 37% higher in the 
FCV®  group (P=0.047), while a significantly lower minute volume was needed to obtain similar PaCO2 levels. Thus, FCV® was found 
to be superior to PCV during OLV in terms of oxygenation and CO2 removal, indicating a higher ventilation efficiency.

This publication by Dr. Grassetto and colleagues focuses on Tritube and Evone for laryngotracheal surgery, combining a retros-
pective observational study with an exhaustive narrative review of the existing literature. A series of 21 patients with various lung 
conditions undergoing different laryngotracheal surgery procedures was evaluated, including five patients with obesity, four with 
COPD, and one patient with a history of Covid-19. While Tritube was easily intubated and resulted in overall excellent surgical 
conditions, individually optimized flow-controlled ventilation facilitated adequate ventilation in all patients using relatively low 
minute volumes and global alveolar driving pressures. The authors conclude that this approach ‘may represent an ideal approach 
that benefits surgeons, anesthesiologists, and patients with difficult airways and compromised lung mechanics.'

Prof. Dr. med. Dietmar Enk
Inventor / Anesthesiologist / Intensivist, University Münster, Germany

Higher Efficiency
“FCV ® keeps the lung open 
in a very smooth way”

Improved regional ventilation in obese patients by FCV®  19

CLINICAL EVIDENCE

Improved one-lung ventilation with individually optimized FCV® 15

Adequate flow-controlled ventilation of patients with various lung conditions 93

Low flow : Better and more 
homogenous aeration of the 
high resistant lung parts

Controlled expiration :Reducing 
alveolar collapse during expiration

CONVENTIONAL
VENTILATION FCV®

versus

versus
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Potential Benefits
The following benefits as compared to Volume Controlled Ventilation (VCV) and Pressure 
Controlled Ventilation (PCV) may be expected while ventilating patients in FCV® mode:

Keeps the lung open by controlling the 
full ventilation cycle 

Results in better lung recruitment as 
compared to VCV and PCV 3, 4, 10, 13, 18, 26

Results in better aeration of the lungs as 
compared to VCV and PCV 3, 4, 10, 13, 18, 19, 26,

Provides higher efficient ventilation as 
compared to VCV, and PCV, evidenced 
by improved oxygenation and CO2 
removal 1-6, 10, 13, 15, 16, 18, 26

Reduces atelectasis in dependent lung 
parts as compared to VCV in porcine 
ARDS and morbidly obese patients
10, 19

Evone® allows individual optimization of 
ventilation settings based on compliance
3, 7, 8, 13, 14, 17
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Dynamic CT scans after 
180 min FCV® and VCV

FCV® allowed 
significantly higher 
efficient ventilation in 
lung-sick pigs

Adapted from Schmidt et al., Crit Care Med 2020 10

Adapted from Spraider et al, Crit Care 2020 3

10 hours ventilation healthy pigs

VCV by Evita FCV by Evone®

Well ventilated

Not ventilated

Poorly ventilated

FCV® allowed higher efficient 
ventilation with significantly 
improved gas exchange.

FCV® improved lung recruitment 
and maintained better lung aeration.

Evone® allows individual optimiza-
tion of ventilation settings based on 
compliance.
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Conventional mechanical ventilation generates more 
power than is needed to induce inspiration and 
expiration. The net overspill of energy is dissipated in 
the lungs, which has been shown even when applied 
for only a few hours to be a source of lung injury, 
so-called ‘ventilator-induced lung injury’ (VILI). 
 
As energy dissipation can be calculated based on 
factors such as pressures, flow and respiratory rate, 
independent top leaders in the field postulated that 
the ideal ventilator should monitor and display energy 
dissipation in order to really apply ‘safe’ ventilation.
 
Over the last decades, innovative ‘lung-protective 
ventilation’ approaches have been developed to 
reduce VILI in the context of the two current golden 
standard ventilation techniques Pressure Controlled 
Ventilation (PCV) and Volume Controlled Ventilation 
(VCV). 
 
Up to now, these strategies are limited to suggested 
values for tidal volume settings (6 mL/kg of predicted 
body weight), positive end expiratory pressure (PEEP) 
and plateau pressure in a “one size fits all” fashion.
 

While current ‘protective’ ventilation strategies mainly 
focus on optimizing inspiratory ventilation, the passive 
and abrupt expiration that occurs with conventional 
methods is considerably relevant and potentially a key 
factor in inducing lung damage. 

Prof. emer. Tom Barnes
Fellow of the Institute of Physics, London, UK

Lower Power
“Dissipated energy is 
minimized when FCV® is used”

Conventional mechanical ventilation: A cause of 
lung damage Ventilator-Induced Lung Injury (VILI)

Mechanical ventilation applies energy to 
the respiratory system 

Excess energy is dissipated into the 
lungs and is a key factor for VILI 

Passive expiration is a source of 
dissipated energy 

Occurs frequently, even when ventilation 
is applied only for a few hours 

Is associated with high mortality rates on 
intensive care units (ICUs)  

Ideal ventilator should display energy 
dissipation, allowing ‘safe’ ventilation to 
be applied 

FCV® is based on the generation of a constant flow into 
and out of the lungs, resulting in linear increases and 
decreases of intratracheal pressures that are just high 
or low enough to facilitate mechanical breathing with 
efficient gas exchange. 
 
The sudden alveolar pressure drop during passive 
expiration with conventional ventilation is prevented. 
In other words, the amount of energy generated by 
the ventilator is just enough to facilitate respiration. 
 
Thereby, the impact on the lung tissue by dissipated 
energy is kept to a minimum, enabling ventilation with 
a markedly reduced risk of lung damage. 23, 24

 

Stained lung tissue samples retrieved after VCV or 
FCV® ventilation of ARDS pigs, revealing less 
thickening of alveolar walls in FCV® group, cell 
infiltration was lower, and surfactant protein A 
concentration was higher in the FCV® group, 
indicating the potential for FCV® to attenuate lung 
injury and to provide lung-protective effects.   

FCV® results in lower energy dissipation

Adapted from Schmidt et al. 2020 10
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Potential Benefits
The following benefits as compared to 
Volume Controlled Ventilation (VCV) and 
Pressure Controlled Ventilation (PCV) may be 
expected while ventilating patients in FCV® 
mode:
 
 

Recently, clear theoretical evidence was provided for 
lower energy dissipation in the lungs by FCV® as 
compared to VCV or PCV. A relatively simple analysis 
and numerical calculations indicated that energy 
dissipation is minimized by controlling the ventilation 
flow to be constant and continuous during both 
inspiration and expiration, and by ventilating at an I:E 
ratio close to 1:1. In other words, by using FCV® 23

Energy dissipation can be calculated from the hystere-
sis area of pressure-volume loops obtained during 
ventilation. PV loops calculated based on routine 
ventilation protocols showed a 53% reduction in 
energy dissipation by FCV® as compared to PCV and a 
32% reduction as compared to VCV. 23

Additionally, it was emphasized that accurate measu-
rement of intratracheal pressures is crucial for 
calculating energy dissipation. Where other VCV and 
PCV ventilators rely on calculated airway pressures, 
Evone is the only device that actually measures 
intratracheal pressures and is thus capable of measu-
ring energy dissipation accurately.

This theory was further validated on a patient. 
Pressure-volume (PV) loops were recorded in real 
time, and the energy dissipated in the patient’s lungs 
was calculated from the hysteresis area of the PV 
loops. Strikingly, the energy dissipation was just 0.17 
J/L, which is even lower than values reported for 
spontaneous breathing (0.2–0.7 J/L)  24

Right: Real-time measured PV loops of a patient ventilated 
with FCV®, demonstrating minimized hysteresis area of the 
PV loops (=energy dissipation).

Adopted from Barnes and Enk, TACC 2019 24

Left: Idealized PV loops (the enclosed area of each loop is 
the dissipated energy) during PCV (red line), VCV (blue line) 
and FCV® (blue line during inspiration, green line during 
expiration). The dashed line is the static compliance curve of 
the lung/chest system in this example. 

FCV® results in smooth tidal movements of the 
diaphragm and thoracic wall throughout the 
ventilation cycle.

FCV® controls expiration and prevents abrupt 
airway pressure drop.

Relies on accurately measured intratracheal pressures 
and inspiratory flows, allowing precise calculation of 
energy dissipation 23, 24

Hysteresis area of pressure-volume loops reflects the 
energy dissipated  23

Constant gas flow in combination with an I:E ratio of 
1:1 minimizes energy dissipation down to values 
reported for spontaneous breathing 23

 
Provides ventilation with reduced mechanical power 
compared to VCV and PCV. 5, 10, 16, 23, 24

Has lung-protective potential 1, 4, 5, 8, 10, 14, 16, 18, 20, 22-24
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