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Summary

Introduction High mechanical power is associated with mortality in patients who are critically ill and require
invasive ventilation. It remains uncertain which components of mechanical power — volume, pressure or rate —
increase mechanical power the most.

Methods We conducted a post hoc analysis of a database containing individual patient data from three
randomised clinical trials of ventilation in patients without acute respiratory distress syndrome. The primary
endpoint was mechanical power. We used linear regression; double stratification to create subgroups of
participants; and mediation analysis to assess the impact of changes in volumes, pressures and rates on
mechanical power.

Results A total of 1732 patients were included and analysed. The median (IQR [range]) mechanical power was
12.3(9.3-17.1[3.7-50.1]) J.min"". In linear regression, respiratory rate (36%) and peak pressure (51%) explained
most of the increase in mechanical power. Increasing quintiles of peak pressure stratified on constant levels of
respiratory rate resulted in higher risks of high mechanical power (relative risk 2.2 (95%Cl 1.8-2.6), p < 0.01),
while decreasing quintiles of respiratory rate stratified on constant levels of peak pressure resulted in lower risks
of high mechanical power (relative risk 0.2 (95%Cl 0.2-0.3), p < 0.01). Mediation analysis showed that a
reduction in respiratory rate, with the increase in tidal volume, partially mediates an effect of reduction in
mechanical power (average causal mediation effect -0.10, 95%Cl -0.12 to -0.09, p < 0.01), but still with a direct
effect of tidal volume on mechanical power (average direct effect 0.15, 95%C1 0.11-0.19, p < 0.01).

Discussion In this cohort of patients without acute respiratory distress syndrome, pressure and respiratory rate
were the most important determinants of mechanical power. The respiratory rate may be the most attractive
ventilator setting to adjust when targeting a lower mechanical power.
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TPreventive Nebulization of Mucolytic Agents and Bronchodilating Drugs in Intubated and Ventilated Intensive Care Unit

Patients (NEBULAE).
*Protective Ventilation in Patients Without ARDS (PReVENT).

$Restricted versus Liberal Positive End-expiratory Pressure in Patients Without ARDS (RELAX).
*Collaborative authors are detailed in online Supporting Information Appendix S1.

Introduction

High mechanical power of ventilation is associated with
mortality and morbidity in patients who are critically ill and
receiving invasive ventilation [1-4]. Even brief periods of
high mechanical power have been shown to have a
detrimental impact on outcome [1]. Mechanical power
represents the overall energy transferred from the ventilator
to the respiratory system and is derived from three
components: tidal volumes; pressures; and rates[5].

[t remains uncertain how specific components of
mechanical power should be titrated to minimise harm to
patients. Altering one component may affect another in
ways that have contrasting effects on mechanical power. For
example, reducing tidal volume (V1) could lead to a
decrease in peak and driving pressure (Ppeak and AP) [6],
but an accompanying increase in respiratory rate might
nullify (or even amplify) the reduction in mechanical power.
Furthermore, other ventilator settings may impact
mechanical power through uncertain effects on the other
components. For instance, higher positive end-expiratory
pressure (PEEP) might reduce mechanical power, butonly in
patients for whom higher PEEP decreases AP[7].

In this pooled individual patient data analysis of three
ventilation studies in patients who were critically ill and
receiving invasive ventilation, we examined the relative
effects of the components of mechanical power using linear
regression; double stratification; and mediation analysis.
Our objective was to explore the impact of rate reduction on
mechanical power. We hypothesised that the individual
components have diverse effects on mechanical power and
that respiratory rate reduction is the optimal way to reduce

overall mechanical power.

Methods

The three randomised clinical trials included in this analysis

were approved by the Institutional Review Board of the

Academic Medical Centre, Amsterdam, the Netherlands
[8-10]. Written informed consent was obtained from
patients or their legal representatives. Alignment between
research methodology, design, inclusion and exclusion
criteria and data collection procedures enabled the
merging of individual participant data for this analysis. Data
were pooled to include baseline characteristics; ventilator
parameters after 1 h and at a fixed time-point in the
morning in the first three full calendar days; and outcomes
(online Supporting Information Appendices S2 and S3).

The primary endpoint for this study was mechanical
power. Secondary endpoints include 28-day mortality; ICU
mortality; ICU duration of stay; and duration of mechanical
ventilation. The number of complete datasets in the pooled
database served as the sample size. A detailed statistical
analysis plan is provided in online Supporting Information
Appendix S4. Proportions were compared using X2 or
Fisher's exact tests, and continuous variables using paired
t-tests or Wilcoxon signed-rank tests. Missing data were
< 0.5% (online Supporting Information Table S1). A p value
<0.05 was considered significant. Analyses were
performed with R version 4.0.3 (R Foundation, Vienna,
Austria).

To assess the continuous relationship between the
components of mechanical power, a linear regression
analysis was performed with mechanical power as a
continuous variable. Patients were grouped by an upper
quartile cut-point of 17 J.min™ [1, 3]. Four subgroups each
for V1 and respiratory rate, and for Ppeak and respiratory
rate were created. Mechanical power levels were visualised
using cumulative distribution graphs for each subgroup. To
assess the impact of the ventilator variables respiratory rate
and Ppeak on mechanical power, we used a double
stratification approach creating quintiles based on these
variables. Relative risk for high mechanical power
(=17 J.min" [1, 3]) and 28-day mortality was calculated for
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Patients in pooled dataset
(n = 2885)

Excluded (n = 1153)

= Spontaneous breathing activity (n = 557)

» Missing data for mechanical power (n = 552)
= Lost to follow up (n = 25)

= ARDS at start of ventilation (n = 19)

v

v

Patients analysed fully
(n=1732)

Figure 1 Study flowchart of patients included in this analysis. ARDS, acute respiratory distress syndrome.

each quintile, with results displayed in stacked-bar plots
with error bars. Analyses were repeated using a median
mechanical power cut-off (> 12.3 J.min") and including AP
asavariable.

We performed a mediation analysis to explore how
variables interact through a third variable, the mediator.
This approach helps determine whether the effect of the
first variable on the second is direct or occurs through the
mediator. In our study, we assessed the impact of
changes in Ppeak and respiratory rate as potential
mediators, according to pre-specified V1 groups, on the
amount of mechanical power. We adjusted for
confounders based on clinical relevance, including
compliance of the respiratory system; bicarbonate;
ventilatory ratio; and ratio of arterial oxygen partial
pressure to fractional inspired oxygen (PaO,/FO,). In the
primary analysis, mechanical power was dichotomised
(cut-off 17 J.min") and in a sensitivity analyses it was a
continuous variable. We estimated the total effect (of V1
on mechanical power), the average causal mediation
effect (how much of the effect of V+ on mechanical power
is explained by the mediator) and the average direct
effect (how much of the effect of V1 on mechanical power
is still explained by Vr after considering the effect of the
mediator). Missing data were addressed via multiple
imputations with predictive mean matching [11]. Centres
were included as random effects to adjust for this
potential confounder.

Results

Of 2871 patients randomised in NEBULAE, PReVENT or
RELAx [8-10], 1732 (60%) were included in this analysis
(Fig. 1). Those patients who were receiving invasive

ventilation with a spontaneous ventilation mode at the first

calendar day or had missing data to calculate mechanical
power were not included. Patients with high mechanical
power were more often male and receiving invasive
ventilation for respiratory failure (Table 1 and online
Supporting Information Table S2).

In the entire cohort, median (IQR [range]) mechanical
power was 12.3 (9.3-17.1 [3.7-50.1]) J.min" (Table 2).
Participants with mechanical power > 17 J.min™' received
invasive ventilation with higher median Vr, respiratory rate,
median Ppeak, AP and median PEEP. Creating groups using
the median mechanical power level of 12.3 J.min"" did not
change these findings (online Supporting Information
Table S3).

Mechanical power increased progressively across the
following patient groups receiving mechanical ventilation:
low Vi and low respiratory rate; high Vi and low
respiratory rate; low Vr and high respiratory rate; and
high V1 and high respiratory rate (Fig. 2 and online
Supporting Information Table S4). Likewise, mechanical
power increased progressively across the following
patient group receiving invasive ventilation: low Ppeak
and low respiratory rate; low Ppeak and high respiratory
rate; high Ppeak and low respiratory rate; and high Ppeak
and high respiratory rate (Fig. 2 and online Supporting
Information Table S5).

Tidal volume explained 3% of the increase in the
amount of mechanical power; respiratory rate explained
36%; AP explained 24%; and Ppeak explained 51% (online
Supporting Information Table S6). In the four subgroups of
low and high V1 and low and high respiratory rate, Ppeak
and respiratory rate were also found to explain most of the
variance in mechanical power, except in the group with low
Vr and low respiratory rate (online Supporting Information
Table S7).
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Table 1 Patient characteristics and clinical outcomes with a mechanical power cut-off of 17 J.min™

(proportion) or median (IQR[range]).

Sex; male

Age;y

Weight; kg

Predicted bodyweight; kg

BMI; kg.m™

APACHE 2 score

Reason for ICU admission
Medical
Surgical

Reason for tracheal intubation
Respiratory failure
Cardiac arrest
Decreased consciousness
After surgery
Other

Duration of ventilation; days

ICU duration of stay; days

ICU mortality

28-day mortality

90-day mortality

Table 2 Ventilatory variables with a mechanical power cut-off of 17 J.min™

Mechanical power; J.min™’
V1; ml

Vr; ml.kg predicted
bodyweight™

Respiratory rate; breaths.min™

Minute volume; l.min™
Ppeak; cmH,O!
PEEP; cmH,O™"

AP; cmH,0O™"

Cgs; l.emH,O™!

FiO,; %

pH

PaCO,; kPa
PaO,/FOy; kPa

V1, tidal volume; Ppeak, peak pressure; PEEP, positive end-expiratory pressure; AP, driving pressure; Cgs, respiratory system
compliance; FiO,, fraction of inspired oxygen; pH, arterial pH; PaCO,, partial arterial pressure of carbon dioxide; PaO,, partial arterial

pressure of oxygen.
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All participants

n=1732

1102 (64%)
57-75[18-98])

61-75[30-98])
23-29[14-58])
18-29[0-71])

1334(77%)
398(23%)

675(39%)
466(27%)
217 (13%)
262 (15%)
112(6%)
1-8[0-34])
3-10[0-158))
507 (29%)
579(33%)

(
(
(
(
(6
3(
5(
(
(
648 (38%)

All patients

n=1732

12.3(9.3-17.1[3.7-50.1])
493(422-574[153-1285])

7.2(6.3-8.7[4.0-21.5])

16-23[6-46])

7.8-11.3[2.2-25.7])

17-24[5-46])
5-8[0-25])
10-16[4-38])

28.7-53.3[5.7-244.1))

35-55[21-1001])

4.1-5.6[1.8-9.5])

20.4-48.0[3.1-114.4]
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40/
7.36(7.27-7.42[7.06-7.67]
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32.3(

Patients with high
mechanical power
n = 440

322(73%)
65(57-73[19-88))
84(71-95[38-140])
71(63-79[30-96])
26(24-30[14-49]
25(18-31[0-71])

375(85%)

65(15%)

219(49%)
17%)
16%)

)
1-9[0-28])
3-12[0-73])

164(37%)

183 (42%)

(

73(

69(

48(
31(7%)
4(

6(

(

(
198(45%)

Patients with high
mechanical power
n =440

20.9(18.7-24.4[17.0-50.1])
514 (460-601[295-1285])

7.4(6.4-8.9[4.6-18.1])

24(20-28[11-46])
12.3(
26(23-30[5-46])
0(8-12[0-25])
6(13-20[4-36])
31.8¢(
50(40-65[21-100])
7. 35(
.8(3.9-5.5[2.0-9.4])
5.3¢(

2

10.9-14.3[7.6-25.7])

24.0-42.3[9.0-214))

7.26-7.43[7.06-7.57])

17.3-35.6[3.1-93.1]

Patients with low
mechanical power
n = 1292

779(60%)
67(57-75[18-98])
79 (69-89[33-200])
68(60-75[32-98))
26(23-29[14-58))
23(18-29[0-71])

959 (74%)

333(26%)

456 (35%
393(30%
148(11%
214(1%7

(35%)
(30%)
(11%)
(1%7)
91(7%)
3(1-7[0-34])
5(3-10[0-158])
343(27%)

(

(

396(31%)
450(35%)

.Values are median (IQR [range]).

Patients with low

mechanical power

n =1292

10.7(8.4-13.2[1.7-17.0])

483(413-564[153-1111])
7.1(6.2-8.6[4.0-21.5])

8(15-20[6-37])
.6(7.3-9.9[2.2-19.5])
9(16-22[5-44])
7(5-8[0-20])
2(9-15[4-38])
41.0(
40(30-50[21-1001])
7. 36(7 28-7.41[7.09-7.67]
.9(4.2-5.6[1.8-9.5]
5.4(

3 35.5-50.8[4.0-114.4]

30.8-56.8[5.7-244.1])

. Values are number

p value

0.042
0.061
< 0.001
< 0.001
< 0.001
0.030
< 0.001

< 0.001

0.030
0.022
< 0.001
< 0.001
< 0.001

p value

< 0.001
< 0.001
0.010

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.960

0.470
< 0.001
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Figure 2 Cumulative distribution plots of mechanical power in four groups. (a) Dark blue, low tidal volume (V1) and low
respiratory rate; green, high Vrand low respiratory rate; red, low Vr and high respiratory rate; light blue, high Vrand high
respiratory rate. (b) Dark blue, low peak pressure (Ppeak) and low respiratory rate; red, low Ppeak and high respiratory rate;
green, high Ppeak and low respiratory rate; light blue, high Ppeak and high respiratory rate. Vertical dotted lines represent a
broadly accepted safety cut-off for mechanical power of 17 J.min™ and horizontal dotted lines show the median proportion of

patients reaching this cut-off.

Double stratification led to quintiles with differences in
patient and baseline characteristics (online Supporting
Information Tables S8-510) and differences in ventilation
characteristics (online Supporting Information
Tables S11-S13). An increasing Ppeak and matched
respiratory rate increased the relative risk for mechanical
power > 17 Jmin (relative risk 2.2, 95%Cl 1.8-2.6,
p < 0.01) (Fig. 3). An increasing Ppeak and decreasing
respiratory rate did not increase the relative risk for
mechanical power > 17 J.min"'. A matched Ppeak and
decreasing respiratory rate decreased the relative risk of
mechanical power > 17 J.min’ (relative risk 0.2, 95%CI
0.2-0.3, p < 0.01). Replacing Ppeak by AP did not change
these findings (online Supporting Information Figure S1).
Findings were similar when a cut-off for mechanical power
of 12.3 J.min" was used (online Supporting Information
Figure S2). A reduction in respiratory rate with the increase
in V1, partially mediated a reduction in mechanical power,
but the direct effect of V1 was larger. A reduction in Ppeak,
with increased V1 mediated increased mechanical power
but the direct effect of increasing Vi on mechanical
power was not significant (Table 3, online Supporting
Information Figures S3 and S4). Replacing Ppeak for AP
(online Supporting Information Table S14 and Figure S5)

and using mechanical power as a continuous variable
(online Supporting Information Table S15 and Figures Sé
and S7)did not change these findings.

Ppeak matched with increasing respiratory rate
increased the relative risk for 28-day mortality (relative risk
1.2, 95%Cl 1.0-1.4, p < 0.01). However, Ppeak matched
with decreasing respiratory rate decreased the relative risk
for 28-day mortality (relative risk 0.8, 95%Cl 0.7-0.9,
p < 0.01) (Fig. 3). Patients with a mechanical power level
> 17 J.min™" had higher 28 day and ICU mortality, longer
ICU duration of stay and longer duration of ventilation
(Table 1). This effect was similar using the median (IQR
[range]) mechanical power of 12.3 (9.3-17.1 [3.7-50.1])
J.min" (online Supporting Information Table S2) and in the
double stratification groups (online Supporting Information

Tables S8-510).

Discussion

In this post hoc pooled individual patient level analysis of
three randomised clinical trials in patients who were critically
ill without ARDS, we found that a rise in mechanical power was
best explained by increased Ppeak and respiratory rate. This
is important, because respiratory rate is underexplored as a

potentially attractive variable to adjust when targeting a lower
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Figure 3 Top panels: —stacked bar plots of stratified and resampled peak pressure (Ppeak) (dark grey) and respiratory rate
(light grey); middle panels: —error bars of relative risk of mechanical power> 17 J.min™'; and bottom panels: — error bars of
relative risk of 28-day mortality; each resampling produced subsamples (S1 to S5) with similar mean values for one ventilator
variable but different values for the other variable; top panels show double stratification for (a) increasing Ppeak and matched
respiratory rate; (b) increasing Ppeak and decreasing respiratory rate; and (c) matched Ppeak and decreasing respiratory rate.
Lines atthe top of the bars represent the standard deviation of the corresponding value of the subsamples. Middle panels,
corresponding relative risks of high mechanical power> 17 J.min"" are shown, calculated for each subsample; error bars
represent the 95%Cl for (d) increasing Ppeak and matched respiratory rate; (e) increasing Ppeak and decreasing respiratory
rate; and (f) matched Ppeak and decreasing respiratory rate. Bottom panels: corresponding relative risks of 28-day mortality are
shown, calculated for each subsample; error bars represent the 95%Cl for (g) increasing Ppeak and matched respiratory rate; (h)
increasing Ppeak and decreasing respiratory rate; and (i) matched Ppeak and decreasing respiratory rate.

mechanical power. Further work is required to move beyond
these observed associations to an interventional randomised
trial to test if lower respiratory rate strategies can reduce
mechanical power and the subsequent risk of lung injury in
patients who require mechanical ventilation.

538

We have shown that an increase in any of the
constituent ventilatory variables is associated with an overall
increase in mechanical power; however, an increase in

mechanical power was better explained by an increase in

respiratory rate or Ppeak than an increase in V1 or AP. We

©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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Table 3 Mediation analysis results using respiratory rate and peak pressure as mediator.

Estimate effect p value
(95%Cl)
Respiratory rate
Total effect of tidal volume 0.05(0.01-0.09) 0.020
Average causal mediation effect of respiratory rate -0.10(-0.12t0-0.09) < 0.001
Average direct effect of increase of tidal volume 0.15(0.11-0.19) < 0.001
Peak pressure
Total effect of tidal volume 0.05(-0.01-0.09) 0.280
Average causal mediation effect of peak pressure 0.08(0.05-0.10) < 0.001
Average direct effect of increase of tidal volume -0.03(-0.07-0.01) 0.140

further explored that mechanical power was highest in
subgroups of patients receiving ventilation with higher
respiratory rate. In addition, a reduction in mechanical
power was partially mediated by lower respiratory rate, but
a higher Vt led to a higher mechanical power. Outcomes
were worse in patients with high mechanical power, and in
the subgroups with higher respiratory rate. This pattern was
seen for all clinical endpoints.

This analysis focused on the question of which
ventilator variable is most attractive to adjust when striving
to achieve reduced mechanical power levels. In the existing
literature, one study showed that a protocolised decrease of
the respiratory rate resulted in lower mechanical power
compared with a higher respiratory rate [12]. Another
retrospective study found that during surgery a higher
respiratory rate was associated with a greater risk of
postoperative pulmonary complications [13]. While we
used real-life data collected prospectively from three
studies, other investigations have used a computational
simulator to evaluate the effects of changes in ventilator
settings [14] or studied time-varying data of ventilation
strategies using specific combinations of the four
components [15]. The findings of our study increase the
understanding of which of the four components to prioritise
when low mechanical power levels are targeted.

One salient finding of the double stratification analysis
was that reducing respiratory rate, with matched or
increasing Ppeak, lowered minute volume without raising
PaCO,. Additionally, lowering respiratory rate with matched
Ppeak increased V1 but reduced AP in two studies of
automated ventilation; a lower respiratory rate resulted in
an anticipated decrease in minute volume [16, 17] without
affecting gas exchange, suggesting wasted ventilation with
higher respiratory rate [18]. Recent studies found that
lowering respiratory rate is feasible and can effectively
reduce mechanical power by following a guideline that
keeps PaCO, and pH within safe thresholds [12, and

Damiani, unpublished observations]. However, those
studies only included patients with COVID-19, in whom the
disease primarily affects the lungs and may not fully apply
conditions such as sepsis-related ARDS with metabolic
acidosis and increased dead space that make respiratory
rate reductions less safe.

In the mediation analysis, we included confounders that
might contribute to an increased respiratory rate, such as
respiratory system compliance and the ventilatory ratio. The
findings suggest that in this cohort of patients without
ARDS, a reduction in respiratory rate together with an
increase in V1 leads to a lower mechanical power. Therefore,
it could be feasible to increase V1 within safe limits, to
reduce respiratory rate and to lower mechanical power.
Patients who are critically ill often have a respiratory system
compliance where a strictly low V1 does not always need to
be pursued or has benefits [2, 19]. In the mediation analysis,
an increase in Vg, together with a decrease in Ppeak, does
not lead to a lower mechanical power. This analysis
suggests that adjusting respiratory rate is the most
appropriate and feasible approach to lower mechanical
power, especially in the current era of low Vt ventilation.

In this analysis, we used a simplified mechanical power
calculation to maintain clinical relevance. Mechanical
power is a complex concept with an unclear contribution
from each variable. Changing one ventilatory setting has
knock on influences on the multiple components that
influence mechanical power. Reducing Vr generally lowers
AP and Ppeak, but further lowering V1 often has limited
benefits and can be harmful [2, 19]. Higher PEEP can lower
AP by alveolar recruitment, but risks overdistension if set too
high. Lung stress and strain increase with higher respiratory
rate [20] and increase the risk of lung injury [21-23].
Lowering respiratory rate in volume-controlled ventilation
reduces pressure by longer inspiration time but can prolong
high pressure in pressure-controlled ventilation. Ppeak and

AP are more reflective of underlying pulmonary disease and
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are harder to reduce than the respiratory rate. This interplay
of ventilator settings shows the difficulty in optimisation
mechanical power.

We showed an association with respiratory rate
and mortality and with Ppeak. While previous studies
[24, 25] highlighted a strong link between AP and
mortality, our analysis showed a stronger connection
with Ppeak. The reason for this could be that most
studies focused on patients with ARDS who had more
severe lung disease. The patients in the datasets used
were likely to have had higher compliance, where less
PEEP was needed, resulting in lower and less harmful
AP. Increasing respiratory rate is often used as a
strategy to maintain Vy and minimise Ppeak. While
knowledge of possible harm of high respiratory rate is
growing [13, 26, 27], it remains underexplored in
lung-protective ventilation strategies aimed at improving
outcomes.

This analysis has strengths and limitations. We used
data from three robust multicentre randomised clinical
studies in patients who were critically ill and receiving
invasive ventilation in the ICU, meaning that ventilator data
were captured prospectively and meticulously. The three
studies were performed in academic and non-academic
centres, increasing the generalisability of the findings. We
did notinclude patients who were breathing spontaneously,
as current equations for mechanical power were designed
for use in mandatory ventilation modes. We did not include
patients with ARDS, who tend to have stiffer lungs thus
impacting on mechanical power. We did not include
patients who required pronation, so our findings are not
generalisable in this cohort. We used a simplified equation
for mechanical power equations because of its convenience
and wide use, but this is one of many approaches proposed
in the literature [28-30]. This was a secondary analysis of
three studies testing other interventions, with two of them
randomising patients to lower or higher V1 or PEEP, and one
requiring lung-protective ventilation. Protocols were strict
and may not represent wider practice. Finally, our analysis
shows associations, not causality.

In summary, we found that, in patients who are critically
ill but without ARDS, a rise in mechanical power was best
explained by increased Ppeak and respiratory rate. We
recommend that, given the current use of low Vt ventilation,
the respiratory rate may be a more favourable variable to
adjust when aiming to reduce mechanical power and
potentially lower mortality. However, this hypothesis
requires confirmation through a clinical trial in which
patients are allocated randomly to ventilatory strategies

using lower or higher respiratory rates to understand if this

can reduce the risk of iatrogenic lung injury and improve

clinical outcomes.
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Figure S4. Mediation analysis with peak pressure as
mediator and mechanical power as dichotomous variable
with a cutoffof 17 J.min™".

Figure S5. Mediation analysis with driving pressure as
mediator and mechanical power as dichotomous variable
with a cut off of J.min™.

Figure S6. Mediation analysis with respiratory rate as
mediator and mechanical power as continuous variable.
Figure S7. Mediation analysis with peak pressure as
mediator and mechanical power as continuous
variable.

Table S$1. Missing data.

Table S2. Patient characteristics and clinical outcomes
using a mechanical power cut offof 12.3 J.min™".

Table S3. Ventilatory variables using a mechanical power
cutoffof 12.3 J.min™.

Table S4. Combinations of V+ and respiratory rate and the
effect on mechanical power.

Table S5. Combinations of Ppeak and respiratory rate and

the effect on mechanical power.

Table S6. Linear regression results in all patients.

Table S7. Linear regression results in four groups of V1 and
respiratory rate.

Table S8. Patient characteristics and clinical outcomes of
increasing Ppeak and matched respiratory rate.

Table S9. Patient characteristics and clinical outcomes of
increasing Ppeak and decreasing respiratory rate.

Table S10. Patient characteristics and clinical outcomes of
matched Ppeak and decreasing respiratory rate.

Table S11. Ventilatory variables of increasing Ppeak and
matched respiratory rate.

Table S12. Ventilatory variables of increasing Ppeak and
decreasing respiratory rate.

Table S13. Ventilatory variables of matched Ppeak and
decreasing respiratory rate.

Table S14. Mediation analysis with AP as mediator.

Table S15. Mediation analysis with mechanical power as

continuous outcome.
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