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Background

During invasive mechanical ventilation, the patient's lungs are subject to tearing and shearing forces, which can lead to ventilator-associated lung injury [START_REF] Brochard | Mechanical ventilation to minimize progression of lung injury in acute respiratory failure[END_REF]. The concept of mechanical power seeks to integrate these forces, exerted through respiratory rate, inspiratory volume and pressure into a single measure, with the goal of estimating the energy affecting the respiratory system. This measure provides potential insight into the risk of ventilator-associated lung injury [START_REF] Cressoni | Mechanical power and development of ventilator-induced lung injury[END_REF][START_REF] Gattinoni | Ventilatorrelated causes of lung injury: the mechanical power[END_REF][START_REF] Chiumello | Bedside calculation of mechanical power during volume-and pressure-controlled mechanical ventilation[END_REF].

Previous studies proposed that high mechanical power is associated with higher hospital mortality in critically ill patients undergoing invasive mechanical ventilation for "classic" ARDS [START_REF] Neto | Mechanical power of ventilation is associated with mortality in critically ill patients: an analysis of patients in two observational cohorts[END_REF][START_REF] Costa | Ventilatory variables and mechanical power in patients with acute respiratory distress syndrome[END_REF][START_REF] Coppola | Effect of mechanical power on intensive care mortality in ARDS patients[END_REF][START_REF] Zhang | Mechanical power normalized to predicted body weight as a predictor of mortality in patients with acute respiratory distress syndrome[END_REF]. The coronavirus disease-2019 (COVID-19) pandemic has challenged intensive care units (ICU) worldwide and had a high impact on mortality in mechanically ventilated patients [START_REF] Tasaka | ARDS clinical practice guideline 2021[END_REF][START_REF] Musheyev | Functional status of mechanically ventilated COVID-19 survivors at ICU and hospital discharge[END_REF][START_REF] Lim | Case fatality rates for patients with COVID-19 requiring invasive mechanical ventilation. A metaanalysis[END_REF][START_REF] Jung | The impact of frailty on survival in elderly intensive care patients with COVID-19: the COVIP study[END_REF][START_REF]Clinical characteristics and day-90 outcomes of 4244 critically ill adults with COVID-19: a prospective cohort study[END_REF]. There is a debate whether pulmonary and respiratory system mechanics of mechanically ventilated patients due to COVID-19 consistently reflect those of patients suffering from "classic" acute respiratory distress syndrome (ARDS) [START_REF] Kassis | Transpulmonary pressure measurements and lung mechanics in patients with early ARDS and SARS-CoV-2[END_REF][START_REF] Farina-Gonzalez | Hourly analysis of mechanical ventilation parameters in critically ill adult COVID-19 patients: association with mortality[END_REF][START_REF] Becker | Pulmonary hemodynamics and ventilation in patients with COVID-19-related respiratory failure and ARDS[END_REF][START_REF] Gattinoni | COVID-19 pneumonia: ARDS or not?[END_REF][START_REF] Gattinoni | COVID-19 pneumonia: different respiratory treatments for different phenotypes?[END_REF][START_REF] Gattinoni | COVID-19 pneumonia: pathophysiology and management[END_REF][START_REF] Bellani | Epidemiology, patterns of care, and mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries[END_REF][START_REF] Grasselli | Mechanical ventilation parameters in critically ill COVID-19 patients: a scoping review[END_REF]. In addition, patients with respiratory failure from COVID-19 often require mechanical ventilation for a longer period of time [START_REF] Kassis | Transpulmonary pressure measurements and lung mechanics in patients with early ARDS and SARS-CoV-2[END_REF] and consequently may be subjected to higher, cumulative amounts of stress and strain. Previous reports suggested that there was no association between classic independent measures of stress, such as driving pressure, but mechanical power and 28-day mortality in patients with COVID-19 [START_REF] Schuijt | Association of intensity of ventilation with 28-day mortality in COVID-19 patients with acute respiratory failure: insights from the PRoVENT-COVID study[END_REF]. It is currently unclear whether an association between mechanical power and mortality differs in mechanically ventilated patients due to COVID-19 [START_REF] Kassis | Transpulmonary pressure measurements and lung mechanics in patients with early ARDS and SARS-CoV-2[END_REF]. We investigated whether a higher mechanical power is associated with mortality in critically ill, mechanically ventilated patients, and whether any association is modified by a diagnosis of COVID-19.

Methods

Study design and setting

In this hospital registry study, we analyzed ICU cases at Beth Israel Deaconess Medical Center, an academic tertiary healthcare facility in Boston, Massachusetts, United States of America, between March 2020 and December 2021. Adult patients who underwent invasive, controlled mechanical ventilation for more than 24 h in between March 2020 and December 2021 were screened for inclusion in this study. Data were retrieved from electronic hospital management databases, strictly de-identified, and subsequently merged into a research data repository. All procedures were followed in accordance to the Helsinki Declaration of 1975. This study was reviewed by the institutional review board (IRB) at Beth Israel Lahey Health, which determined that it met the criteria for exempt status (study title "Association between mechanical power and 30-day mortality in mechanically ventilated patients during the COVID-19 pandemic: a hospital registry study", approved on 13th July 2022, protocol number #2022P000458). The requirement for informed consent was waived. Additional file 1: Digital Content, section S1.1 provides further details related to data sources. This manuscript adheres to the STROBE guidelines and the RECORD statements [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF][START_REF] Benchimol | The REporting of studies conducted using observational routinelycollected health data (RECORD) statement[END_REF].

Exposure and outcome measures

The primary exposure was the median mechanical power during the first 24 h of controlled mechanical ventilation, defined as: mechanical power (J/min) = 0.098*RR* Vt*(PEEP + ½[Pplat -PEEP] + [Ppeak -Pplat]) (respiratory rate, RR; tidal volume, Vt; peak inspiratory pressure, Ppeak; plateau Pressure, Pplat; positive end-expiratory pressure, PEEP) [START_REF] Chiumello | Bedside calculation of mechanical power during volume-and pressure-controlled mechanical ventilation[END_REF][START_REF] Santer | Mechanical power during general anesthesia and postoperative respiratory failure: a multicenter retrospective cohort study[END_REF]. Average mechanical power was calculated for the first 24 h of mechanical ventilation. The primary outcome was all-cause mortality within 30 days from the start of invasive ventilation. The co-primary analysis effect modifier was a diagnosis of COVID-19, defined as a confirmed positive severe acute respiratory syndrome coronavirus type 2 polymerase chain reaction test or International Classification of Diseases -10 diagnosis of COVID-19. Additional details on the definition of exposure and outcome are provided in Additional file 1: Digital Content, section S1.3.

Confounder model

All analyses were adjusted for a priori defined confounders based on literature review and clinical plausibility [START_REF] Schuijt | Association of intensity of ventilation with 28-day mortality in COVID-19 patients with acute respiratory failure: insights from the PRoVENT-COVID study[END_REF][START_REF] Santer | Mechanical power during general anesthesia and postoperative respiratory failure: a multicenter retrospective cohort study[END_REF]. These variables included the quarter of the pandemic and patient demographics such as age, sex, body mass index, as well as comorbidities, such as chronic obstructive or restrictive lung diseases and smoking status. Further, the Acute Physiology And Chronic Health Evaluation score [START_REF] Knaus | APACHE II: a severity of disease classification system[END_REF] incorporating patient age, vital signs such as heart rate and body temperature, as well as sodium, potassium and creatinine levels as well as hematocrit, and the Elixhauser Comorbidity Index [START_REF] Elixhauser | Comorbidity measures for use with administrative data[END_REF] incorporating various comorbidities such as renal failure, diabetes, metastatic cancer, and pulmonary circulation disorders were defined as confounding variables. Consistent with the definition of the primary exposure, confounding variables were calculated within the first 24 h of controlled mechanical ventilation. Observations with missing items of the APACHE-II score were imputed (Additional file 1: Digital Content, section S1.4).

Analyses were further adjusted for the administration of opioids, vasopressors, nondepolarizing neuromuscular blocking agent infusion [START_REF] Mclean | Dose dependent association between intermediate-acting neuromuscular blocking agents and postoperative respiratory complications[END_REF][START_REF] Althoff | Provider variability in the intraoperative use of neuromuscular blocking agents: a retrospective multicentre cohort study[END_REF], fluid balance, the occurrence of prone positioning, the presence of a high N-terminal prohormone of brain natriuretic peptide and high D-Dimer [START_REF] Januzzi | NT-proBNP testing for diagnosis and short-term prognosis in acute destabilized heart failure: an international pooled analysis of 1256 patients: the International Collaborative of NT-proBNP Study[END_REF][START_REF] Shah | Elevated D-dimer levels are associated with increased risk of mortality in Coronavirus Disease 2019: a systematic review and meta-analysis[END_REF]. Further details related to the confounding model are provided in Additional file 1: Digital Content, section S1.4.

Primary and co-primary analyses

In the primary analysis, we assessed the association between mechanical power and mortality within 30 days after the start of invasive ventilation using multivariable logistic regression analysis. Conditional on an association between mechanical power and 30-day mortality, we conducted the co-primary analysis, where we assessed a potential effect modification of the primary association by a diagnosis of COVID-19. We first applied interaction analysis followed by an analysis stratified by a diagnosis of COVID-19 [START_REF] Vanderweele | On the distinction between interaction and effect modification[END_REF][START_REF] Corraini | Effect modification, interaction and mediation: an overview of theoretical insights for clinical investigators[END_REF][START_REF] Yehya | Response to ventilator adjustments for predicting acute respiratory distress syndrome mortality driving pressure versus oxygenation[END_REF]. Further details related to the co-primary analysis are provided in Additional file 1: Digital Content, section S2.

Secondary and exploratory analyses

In secondary analyses, we examined the influence of each single parameter utilized for calculation of mechanical power (driving pressure, tidal volume, respiratory rate, and PEEP) by dominance analysis [START_REF] Luchman | Determining relative importance in Stata using dominance analysis: domin and domme[END_REF]. Previously, three major components of mechanical power have been described [START_REF] Schaefer | Comparison of mechanical power estimations in mechanically ventilated patients with ARDS: a secondary data analysis from the EPVent study[END_REF]-a "static" component from PEEP, a dynamic elastic component that reflects energy applied to expand the lung and chest wall and a dynamic resistive component which reflects energy applied to overcome airway resistance. In an additional dominance analysis, we examined the relative influence of each of the previous components on 30-day mortality and examined potential effect modification by a patient's COVID-19 status if an association is significant.

Additionally, we investigated the association of mechanical power with being alive at day 28 and the number of ventilator-free days after initiation of mechanical ventilation [START_REF] Simonis | Effect of a low vs intermediate tidal volume strategy on ventilator-free days in intensive care unit patients without ARDS: a randomized clinical trial[END_REF]. To address potential differences in patient's respiratory system mechanics, we reinvestigated our primary association in an exact-matched cohort (1:1, caliper 0.01), based on patients' baseline static respiratory system compliance, standardized to ideal body weight and determined within the first six hours of mechanical ventilation. Details on all secondary analyses are provided in Additional file 1: Digital Content, section S3.

With an exploratory intent, we conducted a subgroup analysis in patients presenting with a PaO2/FiO2 ratio < 300 mmHg [START_REF] Ranieri | Acute respiratory distress syndrome: the Berlin Definition[END_REF].

Additionally, we investigated the primary and co-primary association with the calculation of mechanical power at day 2 [START_REF] Neto | Mechanical power of ventilation is associated with mortality in critically ill patients: an analysis of patients in two observational cohorts[END_REF], the median mechanical power of the first 72 h of mechanical ventilation, as well as with in-ICU mortality, 7-day, 14-day and 28-day in-and out of hospital mortality.

Sensitivity analyses

We conducted multiple sensitivity analyses to test the robustness of the primary and coprimary models, which included additional adjustment for (1) pH and partial arterial oxygen pressure to fraction of inspired oxygen ratio (P/F ratio); (2) utilization of inspiratory and expiratory trans-pulmonary pressure measurements to calculate lung-directed mechanical power [START_REF] Kassis | Recruitment maneuvers: using transpulmonary pressure to help Goldilocks[END_REF], when available; (3) sedation and analgesia at day one and day two of mechanical ventilation; (4) high-flow oxygen or noninvasive ventilation therapy prior to mechanical ventilation; (5) a subgroup analysis only in patients receiving infusions of neuromuscular blocking agents (NMBA) at any given time point during their course of mechanical ventilation; (6) normalizing mechanical power to ideal body weight [START_REF] Zhang | Mechanical power normalized to predicted body weight as a predictor of mortality in patients with acute respiratory distress syndrome[END_REF]; re-assessment of the primary analysis [START_REF] Coppola | Effect of mechanical power on intensive care mortality in ARDS patients[END_REF] in a cohort without imputation of missing data for the APACHE-II score and with multiple imputation of all missing confounders; (8) a subgroup analysis in only the first case patient of each patient during the study period; (9) re-evaluation of the primary association in a cohort weighted through propensity score matching; and (10) average treatment effects analysis in a cohort weighted through inverse probability treatment weighting; [START_REF] Lim | Case fatality rates for patients with COVID-19 requiring invasive mechanical ventilation. A metaanalysis[END_REF] by excluding patients in the period March to May 2020. Details on all sensitivity analyses are provided in Additional file 1: Digital Content, section S4.

Statistical analyses

For primary and secondary analyses, multivariable logistic regression analyses, as well as negative binomial regression models were performed. Linear combinations of the main effect and interaction terms were calculated to assess effect modification of the primary association by COVID-19 [START_REF] Vanderweele | On the distinction between interaction and effect modification[END_REF][START_REF] Corraini | Effect modification, interaction and mediation: an overview of theoretical insights for clinical investigators[END_REF][START_REF] Yehya | Response to ventilator adjustments for predicting acute respiratory distress syndrome mortality driving pressure versus oxygenation[END_REF][START_REF] Semler | Oxygen-Saturation Targets for Critically Ill Adults Receiving Mechanical Ventilation[END_REF]. Adjusted odds ratios (OR adj ) and 95% confidence intervals (CI) are reported for multivariable logistic regression models, with alpha set to 0.05. Continuous variables were classified into clinically relevant categories. Analyses were performed using Stata (Version 16.0, StataCorp LLC, College Station, Texas, USA) and R Statistical Software (Version 4.1.0, Foundation for Statistical Computing, Vienna, Austria). Power analyses were conducted using G*Power [START_REF] Faul | G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF]. Further details on our statistical analyses, including assessment of model fit and calibration are provided in Additional file 1: Digital Content, section S1.2. 

Results

Study cohort and characteristics

A total of 1,737 patients were included in this study (Fig. 1). Out of these, 509 (29%) patients died within 30 days after the start of invasive ventilation. The median (IQR) mechanical power in the cohort was 14.5 (10.7-19.8) J/min. The distribution of mechanical power is depicted in Fig. 2. The median (IQR) duration of mechanical ventilation was 107. 1.

Primary analysis

The mean mechanical power for patients who died versus patients who did not die within 30 days after the start of mechanical ventilation was 15.2 ± 6.7 J/min and 18.0 ± 7.8J/min, respectively. In unadjusted analyses, there was a significant association between a higher mechanical power and 30-day mortality (OR 1.45 per 1-SD increase, 7.1 J/min; 95% CI, 1.31-1.60; p < 0.001). After confounder adjustment, these results remained consistent ( OR adj 1.26 per 1-SD increase, 7.1J/min; 95% CI, 1.09-1.46; p = 0.002), corresponding to an adjusted absolute risk increase of 3.9% (95% CI, 1.4-6.3) per each 7.1 J/min increase.

Among COVID-19 patients, the mean mechanical power was 19.9 ± 7.5 J/min, compared to 14.8 ± 6.5 J/ min in the 1,326 (77.3%) patients not suffering from COVID-19. There was no interaction between mechanical power and a diagnosis of COVID-19 with regard to 30-day mortality (95% CI, 0.81-1.38; p-for-interaction = 0.68). Stratified analyses further did not support effect modification (Additional file 1: Digital Content, section S2).

Secondary and exploratory analyses

Compared to tidal volume, PEEP and driving pressure, respiratory rate had the highest contribution to 30-day mortality, followed by driving pressure (Fig. 3a). Upon comparing the static, dynamic elastic and dynamic resistive components of mechanical power, the dynamic elastic component was the only significant predictor of mortality (Fig. 3b) and this association was not modified by a diagnosis of COVID-19 (95% CI 0.79-1.03; p-for interaction 0.11).

A higher mechanical power was associated with a lower number of alive and ventilator-free days until day 28 ( IR Radj 0.83 per 1-SD increase, 7.1 J/min; 95% CI, 0.75-0.91; p < 0.001, adjusted absolute difference -2.7 days per 7.1J/min increase; 95% CI, -4.0 to -1.3, p < 0.001). This effect was magnified in COVID-19 patients ( IRR adj 0.88 per 1-SD increase, 7.1 J/min; 95% CI, 0.79-0.98; p-for-interaction = 0.008) with an adjusted absolute difference in COVID-19 patients of -3.96 days per 7.1 J/ min increase; 95% CI, -6.19 to -1.72; and -1.96 days per 7.1 J/min increase; 95% CI, -3.56 to -0.36 in non-COVID-19 patients.

Fig. 3 Dominance analyses. Relative dominance of a individual parameters of mechanical power and b different components of mechanical power with regard to prediction of 30-day mortality. Higher R-squared values depict a higher dominance in predicting 30-day mortality

Before matching, the median (IQR) baseline standardized static respiratory system compliance was 0.51 (0.42-0.63) (ml/kg)/cmH2O and 0.62 (0.51-0.75) (ml/kg)/cmH2O (std. diff. = 0.50) for patients receiving high (≥ 14.5 J/min) versus low (< 14.5 J/min) mechanical power, respectively. 1,190 patients were matched. Standardized static respiratory system compliance in the matched cohort was 0.56 (0.49-0.67) (ml/kg)/cmH2O and 0.56 (0.48-0.67) (ml/kg)/cmH2O (std. diff. = 0.02, Fig. 4) for patients that received high versus low mechanical power. A high mechanical power was associated with a higher risk of 30-day mortality ( OR adj 1.44; 95% CI, 1.02-2.04; p = 0.038, adjusted risk difference 6.0%; 95% CI, 0.3-11.6). This association was not modified by a diagnosis of COVID-19 (p-for-interaction = 0.55).

Details on our secondary analyses are provided in Additional file 1: Digital Content, section S3.

Among our study cohort, 1,243 (71.5%) patients presented with a PaO2/ FiO2 ratio < 300 mmHg. Analyses in this sub-cohort yielded robust results of the primary (OR adj 1.24 per 1-SD, 7.1J/min increase; 95% CI 1.05-1.46; p = 0.010) and co-primary association ( OR adj 1.10 per 1-SD, 7.1J/min increase; 95% CI 0.82-1.47; p-for-interaction = 0.53).

Exploratory analyses revealed a significant association of mechanical power with in-ICU mortality (OR adj 1.33 per 1-SD increase, 7.1 J/min; 95% CI, 1.14-1.55; p < 0.001), 7-day mortality (OR adj 1.23 per 1-SD increase, 7.1J/min; 95% CI, 1.03-1.48; p = 0.025), 14-day mortality (OR adj 1.25 per 1-SD increase, 7.1 J/min; 95% CI, 1.09-1.49; p = 0.002), and 28day mortality (ORadj 1.27 per 1-SD, 7.1J/min increase; 95% CI 1.10-1.48; p = 0.001).

Neither of these associations were modified by a diagnosis of COVID-19.

After recalculating mechanical power at day two as well as the first 72 h of mechanical ventilation, the primary results remained robust for the primary and co-primary analysis for day two (OR adj 1.39 per 1-SD, 7.8J/ min increase; 95% CI 1.18-1.64; p < 0.001 and p-forinteraction = 0.96), as well as for the first 72 h of mechanical ventilation (ORadj 1.21 per 1 SD, 7.5J/min increase; 95% CI 1.02-1.43; p = 0.025 and p-for-interaction = 0.38), respectively.

Sensitivity analyses

The primary associations remained robust throughout all sensitivity analyses. Details on all sensitivity analyses are provided in Additional file 1: Digital Content, section S4.

Discussion

In this cohort of 1,737 critically ill patients that underwent controlled mechanical ventilation for more than 24 consecutive hours, a higher mechanical power was associated with a higher risk of mortality within 30 days after the start of invasive ventilation. This association was independent of whether patients had a concomitant diagnosis of COVID-19. In addition, a higher mechanical power was associated with a lower number of days alive and ventilatorfree, which was slightly more pronounced in patients suffering COVID-19. Among parameters included in mechanical power, the respiratory rate, followed by driving pressure, had the strongest contribution to 30-day mortality. Dissecting mechanical power into static, dynamic elastic and dynamic resistive components revealed that only the dynamic elastic component was significantly associated with mortality both in patients with and without COVID-19.

Our study corroborates and extends the findings of a previous post hoc analysis [START_REF] Neto | Mechanical power of ventilation is associated with mortality in critically ill patients: an analysis of patients in two observational cohorts[END_REF] as well as a retrospective study [START_REF] Schuijt | Association of intensity of ventilation with 28-day mortality in COVID-19 patients with acute respiratory failure: insights from the PRoVENT-COVID study[END_REF] reporting that higher mechanical power was associated with increased 28-day mortality in patients with respiratory failure due to COVID-19. In our study, mechanical power predicted mortality in both COVID-19 and non-COVID-19 patients, which suggests that the development of ventilator induced lung injury through mechanical power is applicable in patients independent of this etiology of respiratory failure.

Previously, different phenotypes of COVID-19 were proposed [START_REF] Gattinoni | COVID-19 pneumonia: different respiratory treatments for different phenotypes?[END_REF] and ventilation with low PEEP in many COVID-19 patients was suggested [START_REF] Gattinoni | COVID-19 pneumonia: pathophysiology and management[END_REF]. In addition, respiratory failure during COVID-19 has been proposed to be driven by ventilation-perfusion mismatching, which would be independent from patients' pulmonary mechanics [START_REF] Gattinoni | COVID-19 pneumonia: pathophysiology and management[END_REF][START_REF] Herrmann | Modeling lung perfusion abnormalities to explain early COVID-19 hypoxemia[END_REF]. By contrast, our study supports previous reports on similar respiratory system mechanics between COVID-19 and non-COVID-19 patients [START_REF] Grasselli | Mechanical ventilation parameters in critically ill COVID-19 patients: a scoping review[END_REF][START_REF] Grieco | Respiratory physiology of COVID-19-induced respiratory failure compared to ARDS of other etiologies[END_REF] and that a concept of high-intensity mechanical ventilation is associated with mortality in both patient populations.

Our findings corroborate previous studies [START_REF] Bellani | Epidemiology, patterns of care, and mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries[END_REF][START_REF]Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory distress syndrome[END_REF][START_REF] Neto | Association between use of lung-protective ventilation with lower tidal volumes and clinical outcomes among patients without acute respiratory distress syndrome: a metaanalysis[END_REF][START_REF] Cavalcanti | Writing Group for the Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial (ART) Investigators et al. Effect of lung recruitment and titrated positive end-expiratory pressure (PEEP) vs low PEEP on mortality in patients with acute respiratory distress syndrome: a randomized clinical trial[END_REF][START_REF] Amato | Driving pressure and survival in the acute respiratory distress syndrome[END_REF][START_REF] Neto | Association between driving pressure and development of postoperative pulmonary complications in patients undergoing mechanical ventilation for general anaesthesia: a metaanalysis of individual patient data[END_REF] as we found that the dynamic elastic component, mainly driven by driving pressure, was the only predictive component when compared to the dynamic resistive and static components (the component provided in the equation by PEEP). When comparing the individual parameters of mechanical power, respiratory rate had an even bigger contribution on predicting mortality than driving pressure, while it received less attention in literature [START_REF] Marini | Energetics and the root mechanical cause for ventilator-induced lung injury[END_REF][START_REF] Santos | Biologic Impact of Mechanical Power at High and Low Tidal Volumes in Experimental Mild Acute Respiratory Distress Syndrome[END_REF]. This may be in part attributed to the consistent application of lung protective ventilation which heavily focuses on driving pressure as a clinical target, but our findings also support the need for a concept that integrates respiratory rate in addition of stress and strain per breath.

PEEP may have variable impact depending on the individual patient, resulting in overdistension if set too high, or lung collapse if set too low [START_REF] Collino | Positive Endexpiratory Pressure and Mechanical Power[END_REF]. The use of PEEP within the mechanical power calculation is controversial [START_REF] Schaefer | Comparison of mechanical power estimations in mechanically ventilated patients with ARDS: a secondary data analysis from the EPVent study[END_REF]. While very high levels of PEEP can promote lung injury due to higher stress and strain (which may also increase the dynamic component of mechanical power secondary to increased driving pressure), many patients require higher levels of PEEP to optimize mechanics through avoidance of lung collapse. Our data corroborate these critiques as we could not find any association between the PEEP-driven mechanical power component and 30-day mortality.

It remains unclear whether mechanical power is a marker for illness severity and impaired lung mechanics or a modifiable parameter to target during clinical care [START_REF] Schaefer | Comparison of mechanical power estimations in mechanically ventilated patients with ARDS: a secondary data analysis from the EPVent study[END_REF].We noted, however, that both high and low mechanical power could occur in patients with poor baseline respiratory system compliance depending on variability in clinical care. We reinvestigated our primary association in a cohort matched by baseline respiratory system compliance calculated from ventilatory parameters after intubation. High mechanical power was associated with a higher risk of 30-day mortality, even after exact matching for baseline dynamic respiratory system compliance.

Recent data from our group suggest that mechanical power is modifiable with changes in tidal volumes and respiratory rate resulting in changes in resulting power with variable impact based upon lung mechanics [START_REF] Santer | Mechanical power during general anesthesia and postoperative respiratory failure: a multicenter retrospective cohort study[END_REF][START_REF] Suleiman | Association between intraoperative tidal volume and postoperative respiratory complications is dependent on respiratory elastance: a retrospective, multicentre cohort study[END_REF]. This compliance matching, while not directly proving causality or that power is modifiable, suggests that power is more than a simple marker for disease severity and that the association between 30-day mortality and mechanical power is not influenced by COVID-19, regardless of the patient's respiratory system compliance.

Based on our findings, physicians should pay attention to mechanically ventilated patients in the ICU receiving high mechanical power, especially when adjusting respiratory rate and driving pressure. Our study supports clinical practice of lung protective ventilation aimed at lowering the driving pressure and tidal volume, however, based on our findings, clinicians should pay attention also when increasing respiratory rate. Indeed, reducing respiratory rate might be an important step to lower the applied mechanical power, which could be achieved by tolerating permissive hypercapnia. The risks/benefits of such a practice remain beyond the scope of this paper, however, and future prospective studies are warranted to confirm our observations.

Limitations

The retrospective study design could be susceptible to bias that might confound the results. A causal relationship between high mechanical power and mortality cannot be established. Limitations might as well arise from the definition of COVID-19 due to missing data on outpatient tests and previous, potentially unidentified COVID-19 infections. Limitations might as well arise from the definition of COVID-19 due to missing data on outpatient tests and previous, potentially unidentified COVID-19 infections. In addition, this was a singlecenter study in an academic health care network in New England, and our findings should be investigated in different hospital settings and geographical locations. However, our observations reflect investigations by others [START_REF] Schuijt | Association of intensity of ventilation with 28-day mortality in COVID-19 patients with acute respiratory failure: insights from the PRoVENT-COVID study[END_REF]. In addition, the situation of limited resources especially during the initial phases of the pandemic does not reflect current situations in intensive care units in most countries. However, a sensitivity analysis excluding this specific period yielded robust results. In addition, information whether a patient was admitted intubated and how long they were ventilated before admission to the ICU is unknown. However, we performed several sensitivity analyses, including propensity score analyses with inverse treatment probability weighting and generalized propensity score matching to minimize potential bias. Further, highly granular data on vital signs and laboratory values allowed us to adjust for the APACHE-II score, an established risk assessment tool for ICU mortality. Our strength points rely on the adjustment of our model to strong predictors of mortality in COVID-19, such as D-Dimer and NT-proBNP. Thus, we believe that our study helps inform clinicians and contributes to the design of future randomized controlled trials investigating the association between mechanical power and mortality in critically ill patients.

Conclusion

A higher mechanical power is associated with an increased risk of 30-day mortality and lower days alive and ventilator free in critically ill patients. These findings did not differ between COVID-19 and non-COVID-19 patients. We identified the respiratory rate and driving pressure as the key drivers of the association between mechanical power and mortality. Physicians should carefully adjust these parameters to ensure adequate mechanical ventilation in patients with and without COVID-19.
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  2 (53.4-234.6) hours. 411 (23.7%) patients suffered from COVID-19. These patients were ventilated for a median 247 (121-442) hours, compared to 86 (46-173) hours in non-COVID-19 patients. Further details related to patient characteristics and the distribution of variables by COVID-19 diagnosis are provided in Table
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