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Background: The Ventrain� (Dolphys Medical, Eindhoven, The

Netherlands) is a disposable handheld ventilation device allowing

active inspiration and expiration through a transtracheal catheter.

This study investigated Ventrain�’s performance when used with

different clinical oxygen sources in an in vitro set-up.

Methods: Three anesthesia oxygen sources (wall-mounted

flowmeter, respirator oxygen outlet port, and anesthesia ventilator

circuit) were used at gas flow rates of 6, 9, 12, and 15 l/min. First,

the sources’ driving pressures (DP), the insufflation pressure (IP),

and the flow at the catheter tip were measured using a gas flow

analyzer. Tidal volumes (VT) delivered by the Ventrain� were

assessed by the ASL5000 test lung (respiratory rate: 15 min�1, I:

E = 1:1, compliance: 100 ml/cmH2O, resistance: 3.06 cmH2O/l/s).

Results: VT ranged from 82 to 483 ml for inspiration and 82 to

419 ml for expiration. Measured IP, flow, and VT were less

dependent on the set gas flow rate but more on the source0s DP.

With rising DP the IP, the flow at the catheter tip and conse-

quently VT increased. At an approximate target I:E ratio of 1:1,

the ratio of inspiratory to expiratory VT increased with higher DP

and gas flow rates.

Conclusion: The oxygen sources resulted in clinically different

IP, flows, and VT delivered by the Ventrain� at given gas flow

rates. This needs to be considered in a clinical emergency situa-

tion. Integrating an adjustable pressure valve into Ventrain� to

allow regulation of the lowest necessary IP would make its use

safer.

Editorial comment: what this article tells us

This disposable handheld device for supporting transtracheal insufflation and expiration is shown

here to deliver different flows depending on the gas pressure from the medical gas supply, which

should be recognized by the use in order to minimize risk for dangerous over-inflation.

The new emergency ventilation device Ventrain�

(Dolphys Medical, Eindhoven, The Netherlands)

allows active inspiration and expiration through

a transtracheal airway catheter or a tube exchange

catheter. Ventrain� is a single-use, handheld,

manually controlled ventilation device driven by

an external high-pressure oxygen source.1,2 The

new possibility of active expiration by suction is

based on the Bernoulli principle3,4 and shown in

Figs. 1 and 2 for better understanding of the
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device0s function. Ventrain� enables ventilation

through a transtracheal or tube exchange catheter

in patients with an imminent, partial, or complete

upper airway obstruction. Various case reports

have shown the risks of conventional high-pres-

sure jet ventilation through a transtracheal cathe-

ter (i.e., barotrauma, pneumothorax)5–9 and

therefore conventional jet ventilation is con-

traindicated in conditions with a complete or par-

tially obstructed upper airway. The superiority of

Ventrain� in comparison to conventional jet ven-

tilators was recently shown in two studies. Berry

et al. investigated Ventrain� and Manujet� (VBM

Medizintechnik GmbH, Sulz am Neckar, Ger-

many) in a completely or critically obstructed air-

way and found that Ventrain� allowed steady

oxygenation and efficient ventilation with low

airway pressures whereas Manujet� resulted in

hypoventilation to minimize the risk of baro-

trauma.10 Paxian et al. also compared these two

devices in an open, partly obstructed, or com-

pletely closed upper airway animal model and

found that Ventrain� provides sufficient oxygena-

tion and ventilation in all three cases.11 Effective-

ness of Ventrain� in adult and pediatric difficult

airway situations was shown by various case

reports.12–15 The performance of the Ventrain�

when used with a calibrated, pressure-compen-

sated flowmeter (Dr€ager Medical AG & Co,

L€ubeck, Germany) at flow rates of 6, 9, 12, and

15 l/min was published, showing increasing

driving pressure for higher flow rates resulting in

rising insufflation pressure.1 As the characteris-

Fig. 1. Cross-section of Ventrain�. The oxygen outlet source is

connected to the oxygen inlet port (1). In the centerpiece (orange),

the diameter decreases from the inlet (2) to the jet nozzle (3) resulting

in flow acceleration. The oxygen then enters the conically shaped

exhaust pipe (6) with high speed creating a subatmospheric pressure

at the side port (4). If the bypass (5) functioning as an on/off switch is

completely closed, active expiration is enabled. If the exhaust pipe (6)

is closed air flow is directed through the side port (4) to the patient.

Fig. 2. Ventrain� ventilation device with manufacturer’s working

instructions printed on the surface and the gas flow shown in the three

different modes. Inspiration mode: the exhaust pipe and the bypass are

manually closed with the user0s fingers and the flow is directed through

the transtracheal catheter to the patient. Expiration mode: the exhaust

pipe is open, the bypass closed (active expiration “on”). Now flow

entrains from the patient. Equilibration mode: exhaust pipe and bypass

are open, there is no relevant flow from or to the patient.
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tics of clinically available oxygen sources may

vary, performance of the Ventrain� may differ

from the published data. This study aimed to

investigate the impact of the driving pressure of

three oxygen sources, on insufflation pressure,

flow at the tip of a transtracheal catheter and

inspiratory and expiratory tidal volumes applied

by the Ventrain� to a test lung.

Methods

In an in vitro set-up, a calibrated pressure and

gas flow analyzer (VT-plus Analyzer, Bio-Tek,

VT, USA) was used to measure the driving pres-

sures (DP) of three oxygen sources (Table 1)

when attached to the Ventrain�. Second, the

resulting insufflation pressure and the gas flow

at the tip of a 2-mm internal diameter (ID), 75-

mm long transtracheal catheter (Cricath�, Dol-

phys Medical, Eindhoven, Netherlands) were

measured with the VT-plus Analyzer. Finally,

average inspiratory and expiratory tidal volumes

(VT) delivered by the Ventrain� were measured

by the ASL 5000 (IngMar Medical, Pittsburgh,

PA, USA) when using the three oxygen sources

with the defined gas flow rates.

Design, function, and operation of the Ven-

train� emergency ventilation device are

described by Figs. 1 and 2. The VT-plus Ana-

lyzer allows precise measurement of pressure,

oxygen concentration, and gas flow. It is used

regularly for testing respiratory devices such as

gas outlets, flow meters, pressure gauges, anes-

thesia ventilators, and vacuum systems. The

ASL 5000 is an accurate, computer-controlled

test lung allowing the simulation of different

breathing patterns by individual programming

of a movable piston in a cylinder. Using the

ASL 5000 in a passive mode allows measure-

ment of inspiratory and expiratory tidal vol-

umes, times, and pressures with individual

programmable resistance and compliance of the

test lung.16–18

All three oxygen sources were attached to the

pressurized central oxygen wall outlet of the

hospital with an outlet pressure of 4078 cmH2O.

All gas flow rates of 6, 9, 12, and 15 l/min were

adjusted after the Ventrain� was connected to

the oxygen source and measurements were per-

formed with stable flow reading at the rotame-

ter. In all following experimental settings, the

Ventrain� was connected with the 2-mm ID and

75-mm long transtracheal catheter.

In the first experimental set-up, the VT-plus

Analyzer was calibrated according to the man-

ufacturer’s instruction manual and connected

to the Ventrain oxygen inlet with a Y-piece

for the assessment of DP (Fig. 3a). DP was

defined as the pressure in the oxygen tubing

between the oxygen source and the Ventrain�

device as described previously.1 Measurements

of DP were performed at gas flow rates of 6,

9, 12, and 15 l/min with each of the three

oxygen sources. DP was noted during all three

possible ventilation modes (inspiration, expira-

tion, and equilibration position [Fig. 2]) of the

Ventrain�.

In the second experimental set-up (Fig. 3b),

the resulting insufflation pressure (IP) was mea-

sured via a t-piece connected to the VT-plus

Analyzer, proximal of the transtracheal catheter.

This setting was in accordance to the setting

from Hamaekers et al.1 Before every measure-

ment the VT-plus Analyzer was checked for cor-

rect calibration. The Ventrain� was connected to

each of the three oxygen sources and used with

flow rates set to 6, 9, 12, and 15 l/min. IP was

recorded during the inspiration mode of the

Ventrain�.

In the third experimental set-up (Fig. 3c), the

flow at the catheter tip (FACT) was measured

with the VT-plus Analyzer. Before every mea-

surement the VT-plus Analyzer was checked for

correct calibration. The Ventrain� was connected

Table 1 Overview of the three oxygen sources used in this

study.

1. Aestiva 5/MRI anesthesia ventilator circuit (GE Healthcare,

Madison, WI, USA) with the Adjustable Pressure-Limiting

(APL) valve set to a maximum pressure of 70 cmH2O.

Oxygen inlet of the Ventrain� was connected to the

breathing hose of the respirator.

2. Oxygen outlet from the Aestiva 5/MRI respirator (GE

Healthcare) with maximum gas pressure of 138 kPa

(1407 cmH2O). Oxygen inlet of the Ventrain� was

connected to the oxygen outlet from Aestiva 5.

3. Wall-mount flowmeter, 1–16 l/min, 4078 cmH2O (Dr€ager

Medical AG & Co, L€ubeck, Germany).
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to each of the three oxygen sources and used

with flow rates set to 6, 9, 12, and 15 l/min.

FACT was noted during all three ventilation

modes (inspiration, expiration, and equilibra-

tion [Fig. 2]) of the Ventrain�.

In the fourth experimental set-up, the Ven-

train� was connected to the transtracheal cathe-

ter inserted into the a 22-mm silicon sealed

plastic tube adapter at the inlet of ASL 5000 sim-

ulating complete airway obstruction (Fig 3d).

The ASL 5000 was adjusted for an adult lung

model with a compliance of 100 ml/cmH2O and a

resistance of 3.06 cmH2O/l/s. Ventilation with

the Ventrain� at a respiratory rate of 15 min�1

(manually controlled target I:E = 1:1, resulting in

approximately 2 seconds each for inspiration and

expiration) at flow rates of 6, 9, 12, and 15 l/min.

Inspiratory and expiratory tidal volumes (VT)

delivered by the Ventrain� as well as inspiration

and expiration times were collected by the ASL

5000 software.

Measurements of 1-min duration were repeated

five times in the adult lung model, for all three

oxygen sources and all four gas flow rates.

DP, FACT, and IP measured by the VT-plus

Analyzer and tidal volume data as well as inspi-

ration and expiration times from the ASL 5000

were collected in Microsoft Excel 2010 (Micro-

soft Corporation, Redmond, WA, USA).

DP, FACT, or IP for all oxygen sources and

gas flow rates were compared with each other

during inspiration mode, expiration mode, or

equilibration position. Inspiratory and expira-

tory tidal volumes for the three oxygen sources

using the same gas flow rate were compared.

The inspiratory–expiratory tidal volume ratio

(VTi:VTe) was analyzed at a manually controlled

target I:E ratio of 1:1 for each oxygen source and

gas flow rate. Statistical analysis was performed

using SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

The Kruskal–Wallis test was used to calculate

significance; P < 0.05 was significant.

Results

Driving pressures of 70 cmH2O/0.07 bar (6 l/

min Aestiva circuit) up to 1775 cmH2O/1.74 bar

(15 l/min, wall-mounted flowmeter) were mea-

sured at the oxygen inlet of the Ventrain�

device during inspiration. Driving pressures

rose with increasing gas flow rates except for

those from the Aestiva circuit (adjustable pres-

sure-limiting valve set to 70 cmH2O), in which

DP was always 70 cmH2O/0.07 bar for all four

gas flow rates. The increase in DP was signifi-

cantly different (P < 0.001) for the wall-

A

B

C

D

Fig. 3. Schematic illustration of the four experimental in vitro

settings. The three oxygen sources were connected to the oxygen

inlet of the Ventrain� (left side). (a) Set-up for measuring driving

pressure via Y-piece to the pressure gauge of the VT-plus Analyzer.

(b) Set-up for measuring the pressure at the tip of the transtracheal

catheter via the flow gauge of the VT-plus Analyzer. (c) Set-up for

measuring the flow at the tip of the transtracheal catheter via the

flow gauge of the VT-plus Analyzer. (d) Set-up for the measurements

of in- and expiratory tidal volumes in a simulated adult lung model

using the ASL 5000.
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mounted flowmeter and the oxygen outlet of the

Aestiva 5/MRI respirator itself. There were also

statistically significant differences regarding DP

for the three sources with the same gas flow

rates (P = 0.001). These findings were observed

in all three ventilation modes (inspiration, expi-

ration, and equilibration mode) of the Ventrain�

device and are shown in Table 2 as example

during inspiration mode.

IP were statistically (P < 0.002) different

between the three oxygen sources for all given

gas flow rates (Table 3 – columns). Except for

the Aestiva respirator circuit oxygen source

(P = 0.66), IP was statistically different among

the varying gas flow rates for each oxygen

source (Table 3 – rows).

The proportion of increase for DP respectively

IP differed among the wall-mounted flowmeter

and the Aestiva oxygen outlet port for all set

flows. Comparing 6 vs. 15 l/min of flow from

the wall-mounted flowmeter the DP increased

with a factor of 4.3, whereas the factor was only

2 with the Aestiva oxygen outlet port. For the

IP the factor was 5.1 (wall-mounted flowmeter)

and 1.7 (Aestiva oxygen outlet port). This also

results in an unproportional relation of DP and

IP.

FACT were statistically (P < 0.002) different

between the three oxygen sources for all given

gas flow rates (Table 4 – columns). Except the

Aestiva respirator circuit oxygen source

(P = 0.28) FACT were statistically different

among the varying gas flow rates for each oxy-

gen source (Table 4 – rows).

Inspiratory and expiratory tidal volumes rose

with higher gas flow rates using the wall-

mounted flowmeter and the Aestiva oxygen out-

let. They remained constant with the Aestiva

ventilator circuit (Table 5). At a constant I:E

ratio of 1:1, inspiratory and expiratory VT dif-

fered during all chosen gas flow rates. Rising

gas flow rates and a DP lower than 815 cmH2O

resulted in greater expiratory than inspiratory

VT, a higher than 815 cmH2O/0.8 bar DP

resulted in greater inspiratory than expiratory

tidal volumes (Table 6).

Table 2 Driving pressure (cmH2O) at the Ventrain� oxygen inlet measured with the VT-plus Analyzer using Ventrain� in inspiration mode

attached to one of the oxygen sources.

Ventrain mode Source

Flow at oxygen source (l/min)

P6 9 12 15

Driving pressure (cmH2O)

Inspiration WMF 414 (16) 815 (7) 1361 (38) 1775 (28) 0.001

AOO 141 (0) 232 (0) 254 (3) 281 (0) 0.001

ARC 70 (0) 70 (0) 70.00 (0) 70 (0) 1.000

P 0.001 0.001 0.001 0.001

WMF, Wall-mounted flowmeter; AOO, Aestiva oxygen outlet; ARC, Aestiva respirator circuit. Data are mean (SD) (P < 0.05).

Table 3 Insufflation pressure (cmH2O) measured with the VT-plus Analyzer using Ventrain� in inspiration mode with one of the oxygen.

Ventrain mode Source

Flow at oxygen source (l/min)

P6 9 12 15

IP (cmH2O)

Inspiration WMF 22 (0.6) 47 (0.7) 78 (2.1) 113 (3.3) 0.001

AOO 10 (0.1) 13 (0.4) 15 (0.5) 17 (0.3) 0.001

ARC 4 (0) 4 (0) 4 (0) 4 (0) 0.66

P 0.002 0.002 0.002 0.002

IP, Insufflation pressure; WMF, Wall-mounted flowmeter; AOO, Aestiva oxygen outlet; ARC, Aestiva respirator circuit. Data are mean (SD)

(P < 0.05).
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Discussion

The present study investigated the influence of

three clinically available oxygen sources on the

performance of the Ventrain� device used with

the Cricath� transtracheal airway catheter for

ventilating an adult lung model. The main find-

ings were that the investigated oxygen sources

operate with different driving pressures, result-

ing in various inspiratory und expiratory vol-

umes at a given oxygen source flow rate and

that a certain DP is needed to achieve variable

flow rates.

So far, published performance of the Ventrain�

has involved use of a calibrated and pressure-

compensated flow regulator1 from a high-pres-

sure source. High driving pressures are necessary

due to the high resistance to gas flow through

the small lumen transtracheal catheter19. Accord-

ing to the user’s manual, the Ventrain� delivers

an inspiratory flow of about 250 ml/s with a

flow of 15 l/min from the oxygen source. In an

Table 4 Resulting flow (l/min) at the transtracheal catheter tip measured by the VT-plus Analyzer using Ventrain� in all three ventilation

modes (inspiration, expiration, and equilibration).

Ventrain mode Source

Flow at oxygen source (l/min)

P6 9 12 15

Flow at catheter tip (l/min)

Inspiration WMF 6.2 (0.1) 9.1 (0) 12.6 (0.2) 15.2 (0.2) 0.001

AOO 3.4 (0) 4.50 (0) 4.7 (0) 5.0 (0) 0.001

ARC 2.3 (0) 2.33 (0) 2.4 (0) 2.3 (0) 0.031

P 0.002 0.002 0.002 0.002

Expiration WMF �6.6 (0.1) �9.3 (0.1) �11.7 (0.2) �12.8 (0.1) 0.001

AOO �3.8 (0) �5.0 (0) �5.3 (0) �5.6 (0) 0.001

ARC �2.4 (0) �2.4 (0) �2.5 (0) �2.5 (0.1) 0.282

P 0.002 0.002 0.002 0.002

Equilibration WMF �0.8 (0) �1.2 (0) �1.6 (0.1) �1.8 (0) 0.001

AOO �0.4 (0) �0.6 (0) �0.6 (0) �0.6 (0) 0.001

ARC �0.2 (0) �0.2 (0.) �0.2 (0) �0.2 (0) 0.036

P 0.002 0.002 0.002 0.002

Positive values indicate inspiration, negative values are expiratory flow rates. WMF, wall-mounted flowmeter; AOO, aestiva oxygen outlet;

ARC, aestiva respirator circuit. Data are mean (SD) (P < 0.05).

Table 5 Inspiratory (VTi) and expiratory (VTe) tidal volumes delivered by the Ventrain� ventilation device through the transtracheal cannula

(2-mm internal diameter, 75-mm long) in the simulated adult lung (respiratory rate 15 min�1, I:E = 1:1, compliance: 100 ml/cmH2O,

resistance: 3.06 cmH2O/l/s).

Parameter Source

Flow at oxygen source (l/min)

6 9 12 15

Adult lung model

VTi (ml) WMF 198 (6.5) 306 (9.3) 403 (12.5) 483 (18.5)

AOO 120 (4.5) 162 (9.0) 169 (8.1) 180 (7.0)

ARC 82 (3.9) 83 (3.3) 85 (3.7) 85 (3.2)

P 0.001 0.001 0.001 0.001

VTe (ml) WMF 201 (7.8) 301 (11.8) 372 (13.5) 419 (16.2)

AOO 125 (4.1) 174 (7.8) 187 (9.1) 196 (7.0)

ARC 82 (5.2) 84 (4.3) 86 (4.2) 85 (4.0)

P 0.001 0.001 0.001 0.001

WMF, Wall-mounted flowmeter; AOO, Aestiva oxygen outlet; ARC, Aestiva respirator circuit. Data are mean (SD) (P < 0.05).
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in vitro study with a completely obstructed air-

way setting, a flow of 15 l/min allows a minute

volume of 7.1 l/min.1 An animal study simulat-

ing a completely and partially obstructed airway

showed a minute volume of 4.7 respectively

4.5 l/min.10

Hamaekers and coworkers investigated DP and

found values up to 2300 cmH2O with a gas flow

rate of 15 l/min.1 The maximum measured DP in

our study was about 1770 cmH2O with a gas flow

rate of 15 l/min also using the wall-mounted

flowmeter. Interestingly although the DP was

much lower, the resulting calculated minute vol-

ume did not differ between these two studies

(present: 7.2 l/min vs. Hamaekers: 7.1 l/min;

both with a flow rate of 15 l/min). Hamaekers

et al. also investigated the insufflation pressure

(IP) and found increasing IP with rising DP. Our

study showed similar results for the wall-

mounted flowmeter using an oxygen flow of 6

and 9 l/min and a lower IP for higher flows from

this source (present: 113 cmH2O vs. Hamaekers:

137 cmH2O; both with a flow rate of 15 l/min).

For the other two oxygen sources with less DP

the IP measured were lower (Table 3). Clinically

the IP is of great interest and importance, as it is

the maximum pressure the patient’s lungs can be

exposed to. Therefore, this pressure can be poten-

tially harmful if Ventrain� is used improperly.

Assuming that lower DP leads to lower IP, the

intention should be to use the lowest necessary

DP for adequate ventilation.

The results of the present study clearly

demonstrate that inspiratory and expiratory flow

as well as the resulting tidal volume in the

Ventrain� device depends on the source’s driv-

ing pressure and chosen flow rate at the oxygen

source. Furthermore, using a high flow rate

(15 l/min) from a high driving pressure source

(i.e., a wall-mounted flowmeter) at an I:E ratio

of 1:1 leads to greater inspiratory than expira-

tory tidal volumes (Table 5), with the potential

risk of air trapping and related barotrauma. The

manufacturer states that chest movement must

be observed for controlling inspiratory and expi-

ratory times, which, according to our data, does

not guarantee appropriate tidal ventilation and

bares the risk of lungs collapse or air trapping.

This opinion is supported by a shortly pub-

lished editorial.20

In this study, three oxygen sources were used

with four gas flow rates. Two of them had an

upper limit for the outlet pressure, namely the

Aestiva 5/MRI anesthesia ventilator circuit with

the adjustable pressure-limiting valve set to a

maximum pressure of 70 cmH2O and the oxygen

outlet port from the Aestiva 5/MRI respirator

with a defined maximum gas pressure of 138 kPa

(1407 cmH2O). Although gas flow rates were

increased according to the protocol, the DP, IP,

and FACT remained constant at 70 cmH2O,

4 cmH2O and respectively 2.3 l/min in the Aes-

tiva ventilator circuit. This indicates that the IP

and FACT do not react to flow changes at the oxy-

gen source if its DP is too low (e.g., 70 cmH2O).

For the Aestiva oxygen outlet port DP and IP

increased, but FACT was not identical with the

set flow rate from the oxygen source. Flow in a

tube is dependent on length and diameter of the

tube, viscosity of the gas, and the pressure differ-

ence between inlet and outlet of the tube as well

as tube curvature and secretions deposited during

expiration. As length and diameter of the tube,

viscosity of the gas, and the pressure at the outlet

of the tube are the same during all experiments,

the pressure at the inlet of the tube (in our case

the DP) is decisive for the resulting IP and FACT.

Regulation of driving pressure instead of flow

control should be used preferentially to set the

desired FACT with the lowest necessary and pos-

sible IP to minimize patient harm.

Table 6 Inspiratory (VTi) and expiratory (VTe) tidal volumes and

ratio of inspiratory/expiratory tidal volumes (VT-Ratio) during an

exact I:E ratio of 1:1 during a respiratory rate of 15 min�1.

Source Parameter

Flow at oxygen source (l/min)

6 9 12 15

WMF VTi (ml) 204 299 390 480

VTe (ml) 221 307 370 421

VT-Ratio 1:1.09 1:1.03 1:0.95 1:0.88

AOO VTi (ml) 120 158 158 182

VTe (ml) 124 171 171 200

VT-Ratio 1:1.03 1:1.08 1:1.08 1:1.09

ARC VTi (ml) 84 84 83 84

VTe (ml) 83 84 84 82

VT-Ratio 1:0.99 1:1.0 1:1.01 1:0.98

Set gas flow rates and resulting rising driving pressures to these

values were shown above (Table 2). Oxygen sources are WMF,

wall-mounted flowmeter; AOO, Aestiva oxygen outlet; ARC, Aes-

tiva respirator circuit.
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The awareness that Ventrain�’s performance is

more dependent on the source’s driving pres-

sure than on the chosen gas flow rate is of

considerable importance for its use in clini-

cal practice. The manufacturer-recommended

required oxygen supply (medical oxygen supply

system with pressure-compensated flow regula-

tor or a full 2 l medical oxygen cylinder contain-

ing at least 400 l oxygen (uncompressed) with a

flow regulator) is not always available in emer-

gency situations, so that ventilation has to be

adapted. The performance values stated in the

user’s manual are only valid for a high-pressure

source with a pressure-compensated flowmeter.

On the other hand using lower driving pressures

results in a reduced risk for barotrauma and

allows ventilation with smaller tidal volumes.

Setting the driving pressure for the desired flow

at the tip of the transtracheal catheter (e.g.,

70 cmH2O for 2 l/min, 280 cmH2O for 5 l/min,

1300 cmH2O for 9 l/min) by integrating an adjus-

table pressure valve would be an suitable techni-

cal solution. This adjustable pressure valve is

already available, e.g., in the conventional jet

ventilator Manujet�.

A limitation of this study is its in vitro setting

and the therefore limited transferability to clini-

cal situations. This becomes apparent when com-

paring the achievable minute volumes (MV)

published from an in vitro study (MV: 7.1 l/min

with oxygen flow 15 l/min)1 and an animal study

(MV: 4.7 l/min with oxygen flow 15 l/min).10

Testing and investigating all possible lung com-

pliance and resistance combinations in an in vitro

setting seem unrealistic, so that our results can be

used as guidance for clinical situations.

In conclusion, standard anesthesia oxygen

sources provide varying driving pressures. This

results in different inspiratory and expiratory

tidal volumes delivered by the Ventrain� device

at given gas flow rates. This needs to be consid-

ered when using Ventrain� in a clinical emer-

gency situation. In addition, integrating an

adjustable pressure valve into the Ventrain�

device to allow regulation of driving pressure

resulting in the lowest necessary insufflation

pressure would make its use safer. To complete

patient safety, it is also necessary to add spiro-

metric monitoring of tidal ventilation as we

never really know the flow at the tip of the

catheter.
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