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Abstract

Introduction

Recent studies suggested that the energy delivered by the mechanical ventilator to the lungs termed the mechanical power can
induce and increase the risks of ventilator induced lung injury. The components of the mechanical power include the variables
delivered by the ventilator: tidal volume, respiratory rate, inspiratory flow, airway pressure. Adaptive Ventilator Mode-2
(AVM-2) is a pressure-controlled mode with an optimal targeting scheme based on the inspiratory power equation that adjusts
the respiratory rate and tidal volume to achieve a target minute ventilation. This mode conceptually should reduce the
mechanical power delivered to the patients and thus reduce the incidence of ventilator induced lung injury.

Methodology

A bench study using a lung simulator (TTL, Michigan Instruments, Michigan, USA) was conducted. We constructed a passive
single compartment normal respiratory mechanics model with compliance of 50 ml/cmH,0, and resistance of 10 cmH,O/L/s,
with IBW 70 kg. We compared three different ventilator modes: Adaptive Ventilation Mode-2 (AVM-2), Pressure Regulated
Volume Control (PRVC), and Volume Controlled Ventilation (VCV) in four different scenarios: 2 levels of minute ventilation
7 and 10.5 Lit/min (Experiment 1 and 2 respectively), each with 2 different PEEP levels 5 and 10 cmH,O (Experiment A and B
respectively) termed Experiments 1A, 1B, 2A, and 2B respectively.

The AVM-2 mode automatically selects the optimal tidal volume, and respiratory rate per the dialed percent minute ventilation
with an [:E ratio of 1:1. In the PRVC, VCV we selected target tidal volume 6ml/kg/IBW (420 ml), and respiratory rate adjusted
to match the minute ventilation for the AVM-2 mode. I:E ratio was kept 1:2 to avoid intrinsic PEEP. The study was conducted
using a bellavista™ 1000 e Ventilator (Vyaire Medical, Illinois, USA).

The mechanical power delivered by the ventilator for each mode was computed and compared between the three modes in each
experiment. Statistical analysis was done using Kruskal-Wallis test to analyze the difference between the three modes, post
HOC Tukey test was used to analyze the difference between each mode with the confidence intervals, P < 0.05 was considered
statistically significant.

Results

There were statistically significant differences between all the three modes regarding the ventilator delivered mechanical
power. The AVM-2 mode delivered significantly less mechanical power than VCV which in turn was less than PRVC.
Experiment 1A: AVM-2 8.76 1= 0.05, VCV 9.78 = 0.04, PRVC 10.82 = 0.08, P < 0.001 Experiment 1B: AVM-2 11.27 +
0.09 VCV 12.81 £ 0.05, PRVC 13.88 £ 0.06, P < 0.001. Experiment 2A: AVM-2 14.76 + 0.05, VCV 15.79 + 0.05, PRVC
18.29 £ 0.07, P < 0.001, Experiment 2B: AVM-2 18.76 + 0.04, VCV 20.56 + 0.04, PRVC 21.17 +: 0.03, P < 0.001.
Discussion

AVM2 mode delivered less mechanical power compared to two conventional modes using low tidal volume in a normal lung
model. This might reduce the incidence of ventilator induced lung injury. Results need to be validated in more clinical studies.
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Introduction

Ventilator-induced lung injury (VILI) is an acute lung
injury of the lung parenchyma as a consequence of
mechanical ventilation. Ventilator parameters that can
contribute to acute lung injury include pressure, !
volume, ? flow, * and respiratory rate. * The principal
mechanisms of ventilator-induced lung injury (VILI) are
volutrauma, barotrauma, atelectrauma, biotrauma, and
ergotrauma. °

Barotrauma or alveolar overdistension results from
increased transpulmonary pressure and is the main
determinant of VILI. ¢ The landmark ARDS Network
trial demonstrated that limiting tidal volume (6 vs.12
mL/kg predicted body weight and plateau airway
pressure (< 30 vs. < 50 cmH,0) improved survival in
patients with ARDS. 7 Later studies in patients ventilated
without ARDS showed that alveolar overdistension from
high tidal volumes may increase risk for VILI.
Additionally, the repetitive alveolar opening and
collapsing create shear forces causing mechanical injury
to the adjacent alveoli and small airways termed
atelectrauma. ° Biotrauma caused by mechanical
ventilator triggering an extensive biological response,
including activation of a proinflammatory and pro-
injurious cytokine cascade. '®!! Recently the term
Ergotrauma has been coined to describe the energy and
power applied to the lung and to their potential
contribution to VILI. %13

In the diseased lung, transpulmonary pressure for a
given airway pressure may vary greatly based on the
elastance of the respiratory system. ® VILI therefore is
the result of interactions between the patient and the
ventilator. While factors related to the patient’s
respiratory system are more difficult to control, the
ventilator parameters including respiratory rate, flow rate
and shape, tidal volume, tidal pressure (also known as
driving pressure or inspiratory pressure), and positive
end expiratory pressure that can contribute to VILI are
more easily adjusted by clinicians. °
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Highlights

AVM-2 delivered less mechanical power for the same minute
ventilation compared to conventional modes of ventilation in a
normal lung model

As stated above, tidal volume and plateau pressures have
been the targets for reducing the risk of VILI for two
decades. More recently mechanical power has been
proposed as a possible target. Mechanical power unifies
various ventilator parameters that contribute to VILI into
a single variable that represents the mechanical forces
delivered to the lungs per unit time. 4

Since the publication of the mechanical power equation,
several retrospective studies have shown an association
between mechanical power and mortality. '>!¢ The
PRoVENT-COVID study showed that the mechanical
power was independently associated with mortality with
greater risk in higher quartiles of mechanical power. '°
Another retrospective analysis '® showed an increased
risk of mortality associated with a difference in optimal
mechanical power greater than 5 J/min, particularly in
those with refractory respiratory failure.

Given the association between mechanical power and
mortality, adaptive ventilation modes were designed to
ensure optimization of the patient’s work of breathing.
Adaptive ventilation modes are modes that are closed
loop modes that automatically adjusts based on an
optimum targeting scheme which targets the lowest
“cost” to the patient. !’

Adaptive ventilation mode-2 (AVM-2) is a pressure-
controlled ventilator mode developed in 2017 that uses
the mean inspiratory power delivered by the ventilator as
the basis for its optimum targeting scheme to reduce
mechanical power. In AVM-2, the inspiratory power
(equation below) is calculated by summation of resistive
power, which describes the work to deliver the flow
through the natural and artificial airways, and tidal
power, which describes the work needed to expand the
lungs and the chest wall. " Inspiratory power differs
from total power, as it does not account for PEEP power,
which together with tidal power are components of
elastic power. !’
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However, because PEEP does not displace air in the
lungs, its theoretical contribution to mechanical power is
debatable. '

Wingp= % £ (VTA +vD)2 . (1+ coth (;ﬁ))

Inspiratory work equation. Coth: cotangens hyperbolicus
function, C: compliance, f: respiratory frequency, R:
resistance, and T1 is the set inspiratory time, Vp: dead space,
Va: minute ventilation. Adapted from reference 17

We hypothesized that when compared to traditional
modes of mechanical ventilation, AVM-2 would deliver
ventilation with less mechanical power and thus be more
lung protective.

Material and Methods

A bench study using a lung simulator (TTL, Michigan
Instruments, Michigan, USA), we constructed a single
compartment normal respiratory mechanics according to
Arnal’s parameters of simulation '° in a passive model
with compliance of 50 ml/cmH,O, and resistance of 10
cmH>O/L/s, with IBW 70 kg.

We compared three different ventilator modes that
guarantee minimal minute ventilation with different
targeting schemes. % Pressure controlled mode with an
optimal targeting scheme: Adaptive Ventilation Mode-2
(AVM-2), Pressure controlled mode with adaptive
targeting scheme: Pressure Regulated Volume Control
(PRVC), and Volume controlled set point targeting
scheme: Volume Controlled Ventilation (VCV) in four
different scenarios. The scenarios constituted of 2 levels
of minute ventilation 7 and 10.5 Lit/min (Experiment 1
and 2 respectively), each scenario with 2 different PEEP
levels 5 and 10 cmH>O (Experiment A and B
respectively) termed Experiments 1A, 1B, 2A, and 2B
respectively. Settings and parameters are summarized in
table 1.

We chose two common conventional modes of
ventilation utilized by clinicians worldwide that
guarantee a minimum minute ventilation, 2! one that uses
a volume-controlled mode (VCV) and the other is a
pressure controlled adaptive mode (PRVC). We chose a
low tidal volume strategy of 6 ml/kg IBW. Though it
remains debatable what the optimal target tidal volume
in normal lung conditions, it is generally advised to
target between 6-8 ml/kg.
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The AVM-2 mode automatically selects the optimal tidal
volume, and respiratory rate combination per the dialed
percent minute ventilation, while in the PRVC, VCV we
selected target tidal volume 6ml/kg/IBW (420 ml), and
respiratory rate adjusted to match the minute

ventilation from the AVM-2 mode.

Inspiratory: Expiratory ratio was kept 1:2 in VCV and
PRVC to avoid intrinsic PEEP which can alter the
equations, as the equations assume no intrinsic

PEEP, while AVM-2 uses 1:1 ratio. Both AVM-2 and
PRVC utilize the decelerating inspiratory flow, while in
VCV we elected to use the ramp flow rather than the
square continuous flow to avoid high peak inspiratory
pressures.

The study was done using a bellavista™ 1000 e
Ventilator (Vyaire Medical, Illinois, USA).

The mechanical power delivered by the ventilator for
each mode was obtained by two methods. First, the data
obtained from the simulator was computed and
calculated. Second, the mechanical power was obtained
directly from the ventilator software. Both data results
correlated to each other. The mechanical power results
were compared between the three modes in each
experiment. Fifty breaths (5 breath/min for 10 minutes)
were analyzed in each mode in each experiment.

Statistical analysis was done using Kruskal-Wallis to
analyze the difference between the three modes, post
HOC Tukey test was used to analyze the difference
between each mode with the confidence intervals, P <
0.05 was considered statistically significant.

Results

Results are presented as mean + SD and summarized in
tables 2 & 3 and figure 1. In each of the 4 experiments,
there were statistically significant differences between
all the three modes regarding the ventilator delivered
mechanical power. The post HOC analysis confirmed
that the AVM-2 mode delivered significantly less
mechanical power than VCV, which in turn was less
than PRCYV in all four experiments.

Experiment 1A: AVM 8.76 + 0.05, VCV 9.78 + 0.04,
PRVC 10.82 + 0.08, P <0.001 Experiment 1B: AVM
11.27+£0.09 VCV 12.81 £0.05, PRVC 13.88 = 0.06, P
< 0.001. Experiment 2A: AVM 14.76 = 0.05, VCV
15.79 £ 0.05, PRVC 18.29 £ 0.07, P < 0.001,
Experiment 2B: AVM 18.76 £ 0.04, VCV 20.56 £ 0.04,
PRVC 21.17+£0.03, P <0.001.
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445+ 10 420+9 9.5£0.5 420+ 14 10+0.4
6.4 6.1 6.1

450+ 7 14 420+ 11 9.5+0.5 17 420+ 12 10+0.5 17
6.4 6.1 6.1

544 +9 18 420+ 13 10£0.1 25 420+ 15 11+0.3 25
7.7 6.1 6.1

547 £ 10 18 420+ 15 10.1£0.2 25 420+ 11 11+04 25
7.7 6.1 6.1

Table 1: Characteristics of each experiment. A P is the tidal pressure (inspiratory pressure above PEEP) in cmH,0, VT and
VT/KG in ml. RR: respiratory rate per minute. AVM: Adaptive ventilation mode, PRVC: Pressure regulated Volume Control,

_ 8.76 +£0.05 9.78 £ 0.04 10.82 £ 0.08 <0.001
_ 11.27 £ 0.09 12.81 £ 0.05 13.88 £ 0.06 <0.001
_ 14.76 + 0.05 15.79 £ 0.05 18.29 £ 0.07 <0.001
_ 18.76 £ 0.04 20.56 + 0.04 21.17 +0.03 <0.001

Table 2: Mechanical Power in each mode. AVM: Adaptive ventilation mode, PRVC: Pressure regulated Volume Control,
VCV: Volume Control Ventilation

-P<0.01 95% CI0.975 - 1.064
-P<0.01 95% CI1.497 - 1.602
-P<0.01 95% C10.9763 - 1.063
-P<0.01 95% CI1.771 - 1.828

-P<0.01 95% CI0.995 - 1.084
-P<0.01 95% CI11.007 - 1.112
-P<0.01 95% CI 2.456 - 2.543
-P<0.01 95%CI10.171 - 0.228

-P<0.0195% CI2.015 to 2.104
-P<0.01 95% CI2.557 - 2.662
-P<0.01 95% CI13.476 - 3.563
-P<0.0195% CI 1.971 to 2.028

Table 3: Post HOC Tukey test with 95% Confidence Intervals
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Figure 1: Histogram for each experiment with means and SD. X Axis: Mechanical power in J/min, Y axis: Mode. Blue: AVM-
2, Orange: VCV, Green: PRVC
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Discussion

This is the first study to compare the performance of
AVM-2 mode with the conventional modes of
mechanical ventilator using a lung simulator. In this
observational study, AVM-2 was found to deliver a
lower mechanical power compared with traditional
modes of ventilation like Pressure Regulated Volume
Control (PRVC), and Volume Controlled Ventilation
(VCV).

Different ventilator settings have been shown to
reduce ventilation induced lung injury. Previous
studies have shown that lower tidal volume
ventilation in patients with and without ARDS is lung
protective 7?22*, Another study found that decreased
driving pressure was associated with increased
survival in ARDS patients. > However, these two
variables are not the only contributors to VILI.
Recent studies have found that mechanical power,
which combines multiple ventilatory parameters
including tidal volume, inspiratory flow, tidal
(driving) pressure, RR (respiratory rate), and possibly
PEEP to be an important parameter for VILI. 2627
Higher mechanical power is associated with higher
mortality and increased duration of mechanical
ventilation. These outcomes were seen even in
patients with low tidal volumes and driving
pressures. 2

In our study we found that ventilation with AVM-2
resulted in lower mechanical power compared to two
different conventional modes of ventilation using a
lung protective ventilation strategy. When using the
100% Minute Ventilation in AVM-2, the average
tidal volume (tidal volume/Kg) was in the range of
low tidal volume ventilation (6.4-6.5 ml/kg) while the
tidal pressure (inspiratory pressure above PEEP) was
lower (8.8-9 cmH,0) than in the other two modes.
When using the 150% Minute ventilation, the tidal
volume and V1/Kg was higher (7.7-7.8 ml/kg) than
the conventional modes but was still in the range of
6-8 ml/kg which is considered within an acceptable
range, 2 and the tidal pressure was similar to the
conventional modes.

Our resultant VT1/kg are in agreement to those by van
der Staay and Remus in their description of AVM-2
compared to AVM-1, ** and close to the
mathematical model developed by van der Stay and
Chatburn 7 in their evaluation of three different
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optimal ventilator modes, though their model was
based on the predicted dead space. '"2? Albeit the
differences in mechanical power in our study with
normal respiratory mechanics, we hypothesize that
those results will be more pronounced in a more
severe restrictive mechanics like ARDS. Currently,
such a study is in progress.

Our findings are in line with those from previous
studies which compared AVM-2 with other ventilator
modes. A study done by Becher et al, 3! which
compared AVM-2 with AVM-1, which is another
adaptive mode which utilizes the Otis’ equation of
least work of breathing as its target scheme in ARDS
patients and found that ventilation with AVM-2 led
to less mechanical power compared to AVM-1. To
our knowledge there are no studies comparing AVM-
2 with conventional modes of ventilation. Further
large-scale studies on patients are needed to prove the
lung protective benefits of AVM-2.

It is still unclear which component of the mechanical
power equation is the most significant or injurious to
the lung, and whether the work and power equations
should be indexed to the respiratory system
compliance or the amount of aerated lung. ** One
possible explanation is that if mechanical power is
not normalized to lung size, it does not reflect the
actual energy dissipated into the lung (i.e., amount of
the generated VILI). Smaller lungs require lower
mechanical power to minimize VILI. 2 Thus, it has
been proposed to normalize the mechanical power
according to the predicted body weight, the
compliance, or the amount of well-inflated tissue.

In addition, it remains unclear, how the mechanical
power correlates in passive or active patients, or if
the transpulmonary mechanical power could be more
indicative of VILL * Our hypothesis is that the
respiratory system compliance and the amount of
well-inflated tissue should better reflect the amount
of lung-aerated tissue exposed to the energy load
during the mechanical ventilation. Furthermore, the
transpulmonary mechanical power normalized to
well-inflated tissue might better predicts mortality,
suggesting that in addition to the amount of resistive
capacity of the lung, assessed as compliance or
amount of well-aerated tissue, the partitioned lung
mechanic characteristics computed by esophageal
pressure, would have a determining role on the effect
of mechanical power. 343
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The mechanical power corresponds to the sum of
pressure necessary to overcome elastic load (Elastic
work), resistance (Resistive work) and possibly
PEEP. 3¢ (Tidal work = Elastic work — PEEP).

The strategies to prevent VILI require a definition of
excessive Stress and Strain with a reduction in
normalized inspiratory mechanical power by lung
volume. 37 Excessive VT, RR and PEEP can generate
VILI, but the effect of each of these variables in the
context of mechanical power remains controversial.
The question remains in determining characteristic
subtypes of VILI that each variable can cause. >3
However it was found that with the same mechanical
power varying the VT, RR and PEEP, the lung

damage was similar and an independent component.
38

The high RR can cause VILI even with VT lower
than 6 ml/kg, because the RR is intrinsic to the
energy provided by the ventilator. *° In this research,
in the comparison between the ventilatory modalities,
it can be seen that the doubling of PEEP determined a
substantial increase in mechanical power in all
modalities, while the increase in RR in the VCV and
PRCV modality had a more intense repercussion in
their mechanical power than the elevation of the VT
in the AVM-2, as well as the variation of its peak
pressures, which were insufficient to reach the values
of the mechanical power of the VCV and PRVC.

More studies are needed in the future to determine
the exact effects of mechanical power in lung
protective ventilation, and the relationship between
the mechanical power and the stress and strain
applied on the lung units.

There are some limitations in the present bench
study. The study was conducted using a lung
simulator, not in real patients, with the inherent
limitations of lung simulation regarding oxygenation,
ventilation, and hemodynamics.

We studied only passive conditions due to the
difficulty of calculating the patient's muscle work and
thus total work in active breathing conditions.
Theoretically, the higher patient muscle work, will
reduce the ventilator work in some modes (e.g. VCV
and PRVC) with same total work, or might be
additive to ventilator work thus increasing total work
in other modes like pressure-controlled ventilation.
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We chose only one set of compliance and resistance
to model normal lung mechanics, and only two
different levels of minute ventilation 100% and 150%
which are considered within the accepted range in
normal conditions, > and two levels of PEEP 5 and
10 cmH,O which are also considered within the range
used for normal respiratory mechanics. Regardless,
our mathematical calculation shows that those factors
would not change our findings. We used a low tidal
volume of 6ml/kg in the conventional modes that
resulted in higher respiratory rate compared to AVM-
2 especially in Experiment 2A and 2B, however,
according to our calculations, the mechanical power
would have been higher in both the VCV and the
PRVC if we used 7 or 8 ml/kg with lower respiratory
rate.

In conclusion, AVM-2 mode delivered less
mechanical power compared to two common
conventional modes using low tidal volume in a
normal lung model. This may reduce the incidence of
ventilator induced lung injury. More studies are
needed to confirm our findings.

References

1. Kumar A, Pontoppidan H, Falke KJ, et al.
Pulmonary barotrauma during mechanical
ventilation. Crit Care Med 1973; 1(4):181-186.

2. Dreyfuss D, Soler P, Basset G, et al. High inflation
pressure pulmonary edema. Respective effects of
high airway pressure, high tidal volume, and positive
end-expiratory pressure. Am Rev Respir Dis 1988;
137(5):1159-1164.

3. Protti A, Maraffi T, Milesi M, et al. Role of strain
rate in the pathogenesis of ventilator-induced lung
edema. Crit Care Med 2016; 44(9):e838-¢845.

4. Hotchkiss JR, Blanch L, Murias G, et al. Effects of
decreased respiratory frequency on ventilator-
induced lung injury. Am J Respir Crit Care Med
2000; 161(2):463-468.

5. Cruz FF, Ball L, Rocco PRM, et al. Ventilator-
induced lung injury during controlled ventilation in
patients with acute respiratory distress syndrome: less
is probably better. Expert Rev Respir Med 2018;
12(5):403-414.

51



Shah P Mechanical power in AVM-2 versus conventional ventilation modes in a normal lung model: A bench study

6. Dreyfuss D, Saumon G. Ventilator-induced lung
injury: lessons from experimental studies. Am J
Respir Crit Care Med 1998; 157(1):294-323.

7. Acute Respiratory Distress Syndrome Network,
Brower RG, Matthay MA, Morris A, et al.
Ventilation with lower tidal volumes as compared
with traditional tidal volumes for acute lung injury
and the acute respiratory distress syndrome. N Engl J
Med 2000; 342(18):1301-1308.

8. Neye H, Verspohl EJ. The FK506 binding protein
13 kDa (FKBP13) interacts with the C-chain of
complement C1q. BMC Pharmacol 2004; 4:19.

9. Fu Z, Costello ML, Tsukimoto K, et al. High lung
volume increases stress failure in pulmonary
capillaries. J Appl Physiol 1992; 73(1):123-133.

10. Tremblay L, Valenza F, Ribeiro SP, et al.
Injurious ventilatory strategies increase cytokines and
c-fos m-RNA expression in an isolated rat lung
model. J Clin Invest 1997; 99(5):944-952.

11. Imai Y, Parodo J, Kajikawa O, et al. Injurious
mechanical ventilation and end-organ epithelial cell
apoptosis and organ dysfunction in an experimental
model of acute respiratory distress syndrome. JAMA
2003; 289(16):2104-2112.

12. Marini JJ. Evolving concepts for safer
ventilation. Crit Care 2019; 23(Suppl 1):114.

13. Marini JJ. Dissipation of energy during the
respiratory cycle: conditional importance of
ergotrauma to structural lung damage. Curr Opin Crit
Care 2018; 24(1):16-22

14. Gattinoni L, Tonetti T, Cressoni M, et al.
Ventilator-related causes of lung injury: the

mechanical power. Intensive Care Med 2016;
42(10):1567-1575.

15. Botta M, Tsonas AM, Pillay J, et al. Ventilation
management and clinical outcomes in invasively
ventilated patients with COVID-19 (PRoVENT-
COVID): a national, multicentre, observational
cohort study. Lancet Respir Med 2021; 9(2):139-148.

16. Hong Y, Chen L, Pan Q, et al. Individualized
mechanical power-based ventilation strategy for
acute respiratory failure formalized by finite mixture

Journal of Mechanical Ventilation 2022 Volume 3, Issue 2

modeling and dynamic treatment regimen.
EClinicalMedicine 2021; 36:100898.

17. van der Staay M, Chatburn RL. Advanced modes
of mechanical ventilation and optimal targeting
schemes. Intensive Care Med Exp 2018; 22;6(1):30.

18. Wu S-H, Kor C-T, Mao I-C, et al. Accuracy of
calculating mechanical power of ventilation by one
commonly used equation. J Clin Monit Comput 2022.
Published online April 15, 2022:1-7.

19. Arnal JM, Garnero A, Saoli M, Chatburn RL.
Parameters for Simulation of Adult Subjects During
Mechanical Ventilation. Respir Care. 2018
Feb;63(2):158-168.

20. Chatburn RL. Four truths of mechanical
ventilation and the ten-fold path to enlightenment. J
Mech Vent 2021; 2(3):73-78.

21. Daoud EG, Yamasaki K, Sanderson R, Shokry M.
Mechanical ventilation modes utilization. An
international survey of clinicians. ] Mech Vent 2021;
2(3):105-111.

22. Amato MBP, Barbas CSV, Medeiros DM, et al.
Effect of a protective-ventilation strategy on
mortality in the acute respiratory distress syndrome.
N Engl ] Med 1998; 338(6):347-354.

23. Determann RM, Royakkers A, Wolthuis EK, et
al. Ventilation with lower tidal volumes as compared
with conventional tidal volumes for patients without

acute lung injury: a preventive randomized controlled
trial. Crit Care 2010; 14(1):R1.

24. Serpa Neto A, Simonis FD, Barbas CSV, et al.
Association between tidal volume size, duration of
ventilation, and sedation needs in patients without
acute respiratory distress syndrome: an individual
patient data meta-analysis. Intensive Care Med 2014;
40(7):950-957.

25. Amato MBP, Meade MO, Slutsky AS, et al.
Driving pressure and survival in the acute respiratory
distress syndrome. N Engl J Med 2015; 372(8):747-
755.

26. Marini JJ. How I optimize power to avoid VILI.
Crit Care 2019;23(1):326.

52



Shah P Mechanical power in AVM-2 versus conventional ventilation modes in a normal lung model: A bench study

27. Silva PL, Ball L, Rocco PRM, et al. Power to
mechanical power to minimize ventilator-induced

lung injury? Intensive care Med Exp 2019; 7(Suppl
1):38.

28. Serpa Neto A, Deliberato RO, Johnson AEW, et
al. Mechanical power of ventilation is associated with
mortality in critically ill patients: an analysis of
patients in two observational cohorts. Intensive Care
Med 2018; 44(11):1914-1922.

29. Schultz MJ. Lung-protective mechanical
ventilation with lower tidal volumes in patients not
suffering from acute lung injury: a review of clinical
studies. Med Sci Monit 2008; 14(2):RA22-26.

30. van der Staay M, Remus C. Adaptive ventilation
mode 2. 2017. https://downloads.imt.ch/usdavkarsv/
scientificNote AVM2.pdf. Accessed 12 April 2022.

31. Becher T, Adelmeier A, Frerichs I, et al.
Adaptive mechanical ventilation with automated
minimization of mechanical power-a pilot

randomized cross-over study. Crit Care 2019;
23(1):338.

32. Marini JJ, Jaber S. Dynamic predictors of VILI
risk: beyond the driving pressure. Intensive Care Med

2016; 42(10):1597-1600.

33. Arnal JM, Saoli M, Garmero A. Airway and
transpulmonary driving pressures and mechanical

Journal of Mechanical Ventilation

Submit a manuscript

https://www.journalmechanicalventilation
.com/submit-a-manuscript/

Journal of Mechanical Ventilation 2022 Volume 3, Issue 2

powers selected by INTELLiVENT-ASYV in passive,
mechanically ventilated ICU patients. Heart Lung
2020; 49(4):427-434.

34. Coppola, S, Caccioppola, A, Froio S. et al. Effect
of mechanical power on intensive care mortality in
ARDS patients. Crit Care 2020; 24:246.

35. Davies JD, Senussi MH, Mireles-Cabodevila E.
Should A tidal volume of 6 mL/kg be used in all
patients? Respir Care 2016; 61(6):774-790.

36. Vassali F, Pasticci I, Romitti F, et al. Does iso-
mechanical power lead to iso-lung damage? An
experimental study in a porcine model.
Anesthesiology 2020; 132:1126-1137.

37. Gattinoni L, Marini JJ, Collino Fet al. The future
of mechanical ventilation: lessons from the present
and the past. Crit Care 2017; 21(183):1-11.

38. Giosa L, Busana M, Pasticci I, et al. Mechanical
power at a glance: a Simple surrogate for volume-
controlled ventilation. Intensive Care Medicine
Experimental 2019; 7(61): 2-13.

39. Chiumello D, Gotti M, Guanziroli M, et al.
Bedside calculation of mechanical power during

volume- and pressure-controlled mechanical
ventilation. Crit Care 2020; 24(1):417.

Society of Mechanical Ventilation
Free membership

https://societymechanicalventilation.org
/membership/

53



Shah P Mechanical power in AVM-2 versus conventional ventilation modes in a normal lung model: A bench study

Journal of Mechanical Ventilation 2022 Volume 3, Issue 2

54



