
Elastic Power

To the Editor:
Recently, mechanical power ventila-

tor-associated lung injury has been iden-

tified as an independent risk factor

associated with intensive care mortal-

ity.1 Dynamic and static airway pres-

sures, which are the forces of the power

concept and other respiratory parame-

ters calculated from these forces (ie,

dynamic and static compliances), are

the basis of the concepts that have been

well-established in intensive care litera-

ture for many years.2 Failure to properly

define power components correspond-

ing to dynamic and static airway forces

will further increase the current confu-

sion in this regard.3-6

In the recently published work of Syed

et al7 in this journal, the elastic component

of power is defined as dynamic power on

the pressure-time curve. In my opinion, is

not correct to define the elastic power com-

ponent as dynamic power. The force of

the driving power component (ie, driving

pressure) is the difference between plateau

pressure (Pplat) and PEEP, which are static

airway pressures in the pressure-time curve.

Therefore, the compliance calculated using

the driving pressure is defined as static com-

pliance. If there is a need for a different defi-

nition instead of elastic + PEEP power, I

think it would be better to define this field as

static power (Fig. 1).

The concept of dynamic power was pre-

viously defined by As‚ar et al8 as dynamic

mechanical power, and it was proposed

with a simple equation that easily calcu-

lates dynamic mechanical power at the

bedside during volume control ventilation

using the ventilator work of breathing

(WOB) parameter. In their study, the con-

cept of dynamic power is defined as the

sum of resistive power and elastic power

defined by Gattinoni et al9: MPdyn ¼ venti-

lator WOB�MVe. Ventilator WOB is the

amount of energy consumed for ventila-

tion of 1 L of gas; its unit is expressed in

Joule/L and is calculated by the ratio of

work in an inspiratory cycle to tidal vol-

ume.10,11 When the contribution of PEEP is

added to this and multiplied by the conver-

sion factor, the total dynamic power is cal-

culated: MPdyn¼MVe� [(WOB) + (0.098

� PEEP)]. Volume control was compared

with the standard power formula in 40

patients with ARDS, and it was shown that

the total dynamic power is equal to the total

standard power.8

The dynamic mechanical power force

(dynamic power) on the pressure-time

curve is the peak inspiratory pressure

(Ppeak). Therefore, the compliance calcu-

lated using the difference of Ppeak and

PEEP is defined as dynamic compliance.

Dynamic power is a concept derived from

dynamic respiratory parameters. If the

contribution of airway resistance (Ppeak –

Pplat ¼ resistive force) is added to the

elastic (static) component of power, it can

be defined as dynamic power (Fig. 1).

Therefore, the concepts of dynamic and

static, which are clearly defined by the in-

tensive care scientific community and

known to everyone together with the rele-

vant airway forces, are recommended to

be used properly and correctly by the

authors.
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GO, Canan E, Çakar N. Bedside dynamic

calculation of mechanical power: A vali-

dation study. J Crit Care 2020;56:167-

170.

9. Gattinoni L, Tonetti T, Cressoni M,

Cadringher P, Herrmann P, Moerer O,

et al. Ventilator-related causes of lung

injury: the mechanical power. Intensive

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

10. Marini JJ, Rodriguez RM, Lamb V. Bedside

estimation of the inspiratory work of breath-

ing during mechanical ventilation. Chest

1986;89(1):56-63.

Fig. 1. Pressure-time curve of volume control ventilation. Dynamic mechanical power ¼ resis-

tive power + driving power (green + yellow area). Static power¼ Driving power + PEEP power
(yellow area + blue area). Total power ¼ Static power + resistive power ¼ Dynamic power +
PEEP power (green + yellow + blue area). Ppeak ¼ peak inspiratory pressure; Pplat ¼ plateau

pressure.
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The authors respond

In Reply:

We appreciate the well-intentioned in-

terest of Dr Aşar and colleagues, who

express concern regarding the energy no-

menclature that we used in our article.
1

Dr

Aşar is correct that there exists consider-

able variation and, as yet, no broadly

accepted definitions in this emerging field

directed at the subcomponents of power.

However, we respectfully but strongly dis-

agree with several important misconcep-

tions contained within their letter.

First, the term dynamic compliance

should not be generally understood to be

determined by the difference of peak pres-

sure (which includes the nonelastic, flow

resistive element) and PEEP. In fact, the

traditional physiologic definition of

dynamic compliance is compliance esti-

mated during uninterrupted rhythmic

breathing as the slope of the pressure vol-

ume loop that links the zero flow points at

the extremes of the ongoing tidal cycle.2

This dynamic compliance differs from

(and invariably is less than) the static com-

pliance, which is determined after an

occlusion-imposed pause, as in bedside

practice. Sustained no-flow conditions

allow for stress relaxation and flow redis-

tribution to occur, dropping the recorded

value to a plateau pressure that underesti-

mates the zero-flow end-inspiratory pres-

sure that occurs transiently during tidal

breathing.

Second, the conceptual basis for the

concern regarding inclusion of PEEP in

the dynamic power of inflation has been

the subject of recent but now resolved

debate. When no gas is flowing, PEEP is

indeed a static pressure. But PEEP during

active inflation is an important component

of the applied pressure that must be gener-

ated anew with each micro-increment of

inflation volume. Therefore, PEEP is a

subcomponent of total dynamic energy,

joining the pressure related to volume in

excess of PEEP (the driving pressure),

whose product with volume we term the

driving power.

Third, the biologic impact of driving

power depends upon the pressure platform

(PEEP) from which it begins.3,4 Along this

line, the figure provided by Aşar et al

seems to invite confusion rather than clari-

fication. In concept, there can be no

“PEEP power” block (as labeled) because

PEEP is a static pressure, and power by

definition is a dynamic entity. Therefore

power, a pressure-flow product, may

include a PEEP component during the pro-

cess of inflation, but “PEEP power” cannot

stand alone.

Fourth, what Dr Aşar and colleagues

believe everyone knows and accepts is not

an accurate assumption. Although he

might wish otherwise, the term dynamic

mechanical power, as defined in his self-

cited paper, is not generally accepted by

the academic community engaged in

studying these questions and developing

this emerging field. Indeed, the publication

date of April 2020 hardly allows for the

evaluation of its conceptual merit, let alone

its adoption for generalized use.

Finally, the paper currently under dis-

cussion is not our first to use these specific

terms nor to examine the concepts that

underpin the components of inflation

power.36

In the end, although we consider these

complaints to be invalid, we do agree that

a consistent nomenclature for power com-

ponents is needed to facilitate communica-

tion as research into the emerging

energetics of ventilation proceeds.

Definitions should be grounded on a firm

understanding of the underlying energetics

and physiology.
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Neuromuscular Blocking Agents for

ARDS: Firm Evidence for ICU

Mortality but Not for Long-Term

Mortality

To the Editor:
Optimal ventilation and weaning strat-

egies in patients with ARDS should be

carefully assessed.1,2 We read with interest

the systematic review by Torbic et al,3

which sought to evaluate mortality when

using neuromuscular blocking agents

(NMBAs) in early, moderate-to severe

ARDS compared to usual care or placebo.

The authors included 6 randomized con-

trolled trials (RCTs), but only 2 of the 6

RCTs had a low risk of bias.3 We applaud

the effort of the authors, but we have some

concerns.

First, the fragility index, which is an in-

tuitive measure of the robustness of RCTs,

was introduced in critical care medicine

and has been utilized in different system-

atic reviews.4-6 The fragility index is

achieved by using a two-by-two contin-

gency table and P value calculated with

the Fisher exact test.4 When we calculated

the fragility index of RCTs included in the

systematic review by Torbic et al,3 we

found that all of the included studies had a

fragility index of zero (P > .05). According

to this, the RCTs evaluating mortality

when using NMBAs in early and moder-

ate-to severe ARDS are very fragile and
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the evidence from these studies is very

weak.

Second, the authors reported that the

use of NMBAs reduced the risk for ICU

and 21–28-d mortality but not 90-d mortal-

ity. According to these results, we further

performed a trial sequential analysis to

evaluate whether this meta-analysis had

sufficient statistical power to detect or

reject the intervention effects.7 For ICU

mortality, the 95% CI adjusted with the

trial sequential analysis ranged from 0.41

to 0.8 and indicated that 431 of 433 sub-

jects were enough to reach the required in-

formation size. According to this, firm

evidence existed in favor of the use of the

NMBAs to reduce ICU mortality. For 21–

28-d mortality, the trial sequential analysis

was not conclusive because the inclusion

of 1,485 subjects was far short of the

required sample size of 18,618 subjects to

ensure conclusive evidence. By evaluating

the robustness of RCTs and trial sequential

analysis, our analysis supports the reported

effects of NMBAs to reduce ICU mortality

but not the 21–28-d and 90-d mortality.

We believe we would need 18,470 subjects

with moderate-to-severe ARDS to be

treated with NMBAs to achieve firm evi-

dence on long-term mortality.
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Neuromuscular Blocking Agents for

ARDS: Incentive for Personalized

Medicine

To the Editor:
We thank Drs Vargas and Servillo for

their interest in our meta-analysis and the

important points they raised regarding the

use of neuromuscular blocking agents

(NMBAs) in ARDS.1 Based on the find-

ings from the 6 trials included in our meta-

analysis, we reported that early use of

NMBAs in moderate-to-severe ARDS

improves oxygenation, decreases ventila-

tor-induced lung injury, and decreases 21–

28-d mortality.1 We agree that the current

literature does not support a 90-d mortality

benefit associated with NMBA use.

NMBAs are thought to exert a benefit

in ARDS by decreasing nflammatory

markers, increasing recruitment, improving

ventilation/perfusion matching, and reduc-

ing ventilator asynchrony and ventilator-

induced lung injury.2-4 Given the mecha-

nism of action of NMBAs, these benefits

may be transient and may only provide a

short-term mortality benefit due to the pro-

gression of ARDS to a fibrotic phase.5

We also agree that there are limitations

in concluding that NMBAs provide a

short-term mortality benefit, as evidenced

by the results of fragility index calculations

shared by Drs Vargas and Servillo. The

use of the fragility index in critical care,

however, has its own limitations due to

heterogeneity in critical care trials.6,7 For

example, the I2 statistics for 21–28-d and

90-d mortality in our meta-analysis were

60% and 54%, respectively.1 Additionally,

trial sequential analysis (TSA) is a com-

plex statistical tool, and application in

meta-analyses is not universal. TSA is not

routinely employed within the Cochrane

Collaboration, with its standardized meth-

ods and clinical reviews, and the Cochrane

Scientific Committee Expert Panel recom-

mends against the routine use of sequential

methods for updated meta-analyses.8

Although systematic reviews can address

the effect of an intervention on different

outcomes and subgroups, sequential meth-

ods such as TSA cannot accommodate

multiple thresholds for different outcomes.

Meta-analyses are retrospective and obser-

vational by nature; therefore, we are

unable to control for the trials that have al-

ready been performed and are eligible for

the meta-analysis. It is difficult to create a

retrospective sequential program that

would maintain the prespecified assump-

tions of a TSA.

In addition to heterogeneity in critical

care trials, there are also limitations in

study recruitment and trial design. The cal-

culated sample size of almost 19,000 sub-

jects with moderate-to-severe ARDS

needed to effectively conclude whether

NMBAs impact 21–28-d and 90-d mortal-

ity is likely not feasible and is unlikely to

ever be completed. We must use existing

literature and carefully evaluate for limita-

tions before applying the data to clinical

practice. Based on the findings from our

meta-analysis and scrutiny of the included

trials, we do not believe that NMBA ther-

apy should be applied in all patients with

moderate-to-severe ARDS. The use of

NMBA therapy is not without risk,9 and

use should be reserved for patients who do

not experience improvements in oxygen-

ation and ventilator synchrony despite

application of first-line nonpharmacologic

interventions.10 The solution is not larger

trials, but more studies evaluating the

impact of pharmacologic therapies like

NMBAs on ARDS phenotypes and sub-

phenotypes. Application of therapies that

specifically target ARDS phenotypes will

improve patient outcomes and limit

adverse effects associated with these

therapies.11,12
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