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Abstract

Background and Objectives: Mechanical ventilation, though life saving for patients with Acute
Respiratory Distress Syndrome (ARDS), carries the risk of Ventilator-Induced Lung Injury (VILI)
through mechanisms such as alveolar volutrauma and barotrauma. These injuries can exacerbate
systemic inflammation and hinder recovery, particularly in compromised lungs. Lung and
Diaphragm Protective Ventilation (LDPV) has demonstrated significant survival benefits, with
driving pressure (AP) emerging as a key predictor of outcomes. This study evaluated whether a
standardized Lung and Diaphragm Protective Ventilation (LDPV) protocol, optimizing AP and MP,
reduced ICU mortality in mechanically ventilated patients over 12 years (2012-2024). Materials and
Methods: This retrospective cohort study included all adult ICU patients requiring invasive
mechanical ventilation between January 2012 and December 2024. A standardized LDPV protocol
was introduced in November-December 2018 for all intubated patients, incorporating low Tidal
Volumes (TV) (6-8 mL/kg), individualized Positive End Expiratory Pressure (PEEP), AP <15
cmH;0O, and reduced MP. Patients were categorized into pre-LDPV (2012-2018) and post-LDPV
(2019-2024) groups. Primary outcome was ICU mortality. Secondary outcomes included temporal
trends in AP, MP, and other ventilatory parameters (TV, PEEP, compliance, peak inspirator pressure).
Results: Implementation of the LDPV strategy was associated with a significant reduction in ICU
mortality, despite increasing number of admitted patienst, age and illness severity over time. Both
AP and MP declined progressively in 2019-2024 group, particularly after protocol adoption.
Improvements were also observed in compliance, tidal volumes, and SOFA scores in the 2019-2024
period. Conclusions: Systematic optimization of AP and MP through an LDPV protocol is associated
with markedly improved survival in mechanically ventilated patients. These findings support the
incorporation of real-time AP/MP monitoring into routine ICU practice to guide personalized,
physiology-based ventilation strategies.

Keywords: driving pressure; mechanical power; ICU mortality; mechanical ventilation; lung and
diaphragm protective ventilation

1. Introduction

While essential for respiratory support in Acute Respiratory Distress Syndrome (ARDS)
patients, mechanical ventilation paradoxically risks worsening lung injury through Ventilator
Induced Lung Injury (VILI) pathogenesis. The dual mechanisms of alveolar volutrauma and
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barotrauma induce damage that may cause systemic inflammation and impair recovery, particularly
in already injured lungs [1]. Lung and Diaphragm Protective Ventilation (LDPV) has been shown to
significantly improve survival [2]. However, beyond conventional parameters like tidal volume
and plateau pressure, newer physiologic metrics have emerged to quantify the mechanical “stress”
imposed by ventilation [3]. Among these, driving pressure (AP) has gained recognition as a critical
determinant of outcome [4,5]. Amato et al. found AP to be the ventilatory variable most strongly
associated with survival in ARDS, with each reduction in AP translating to a substantial mortality
benefit [6].

More recently, the concept of mechanical power (MP)—the rate of energy transfer from the
ventilator to the lung—has been proposed as a comprehensive index of VILI risk [3]. Elevated MP
reflects the combined injurious effects of high tidal volumes, airway pressures, and respiratory rates.
MP is associated with increased mortality among mechanically ventilated ICU patients [7].

These findings suggest that decreasing AP and MP may be key to improving outcomes in
critically ill patients. To examine these relationships, we analyzed all adult mechanically ventilated
patients in our ICU over a 12-year period (2012-2024) retrospectively. Our primary objective was to
assess whether ICU mortality declined following the implementation of a standardized LDPV
protocol focused on AP and MP optimization. Secondary aims included evaluating temporal trends
in key ventilatory parameters. Secondary objectives included: (1) analyzing longitudinal trends in
key respiratory mechanics, and (2) assessing the real-world clinical translation of physiological
benefits into measurable survival outcomes. This work bridges an important knowledge gap between
trial evidence and bedside implementation by testing whether mechanistic improvements yield
actual survival advantages in heterogeneous ICU populations.

2. Materials and Methods

This study was approved by the University of Health Sciences, Bakirkdy Dr. Sadi Konuk
Training and Research Hospital Clinical Research Ethics Committee with protocol number 2025/24
and decision number 2025-02-17.

Study Design and Population

This retrospective, cohort study was conducted in Bakirkoy Dr Sadi Konuk Training and
Research Hospital, 30 beds general ICU between January 2012 and December 2024. We retrieved this
dataset by utilizing structured query language queries from the IMD Soft-Metavision/QlinICU
Clinical Decision Support (Israel) system. All patients aged 218 years who received invasive
mechanical ventilation for at least 24 hours were included in the study. We excluded: 1. Patients with
missing respiratory mechanics or ICU mortality data, 2. Those who received invasive mechanical
ventilation for less than 24 hours, 3. Patients who received non-invasive mechanical ventilation, 4.
Patients with Extracorporeal support (ECMO or ECCO2R) treatments, 5. Patients with terminal
illness (life expectancy <48 hours), 6. Pediatric patients. All patients were ventilated with Maquet
Servo-i (Getinge, Sweden) in pressure control ventilation (PCV) and volume control ventilation
(VCV) modes.

Study Periods

Following the publication of several studies in 2015-2016 demonstrating the association between
reduced AP and MP and improved survival, LDPV protocol was established in our clinic. As of
November-December 2018, this protocol has been implemented in all intubated patients.

To evaluate the impact of LDPV, we divided patients into two groups based on the
implementation period of the LDPV strategy: The pre-LDPV group, from January 2012 to December
2018, and the Post-LDPV group, from January 2019 to December 2024. The LDPV protocol,
introduced at the end of 2018 for all intubated patients consisted of low tidal volume ventilation (6—
8 mL/kg), individualized Positive End Expiratory Pressure (PEEP) titration, maintaining AP below
15 cmH;0O, and reducing MP.

Data Collection
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Demographic variables (age, sex, Body Mass Index (BMI), diagnosis on admission,
comorbidities), Acute Physiology and Chronic Health Evaluation (APACHE) II score (24 hour after
admission), Sequential Organ Failure Assessment (SOFA) scores at first and last day of admission at
ICU, mechanical ventilation duration and respiratory mechanics (Expiratory Tidal Volume (TVe),
Respiratory rate (RR), PEEP, Peak pressure (Ppeak), Compliance (C), AP, and MP) were extracted
from the electronic medical records. The Metavision automatically records data from all upstream
devices minute by minute, including MV parameters. Monthly ICU mortality data were collected for
the both group ventilated longer than 24 hours. Minute time slots were transferred from the data pool
to Microsoft Excel as hourly time slots through the functions of SQL queries. The hourly mechanical
ventilation parameters in the Excel dataset were calculated at 24-hour intervals (days) using the LEFT
function of the Excel program as follows:

It was calculated by taking the difference of the first 10 characters of the signal date (Time 1) of
the parameters transferred to the software from the mechanical ventilator and the first 10 characters
of the patient's admission to the ICU (Time 2) (=LEFT (Time 1;10)-(LEFT(Time 2;10)).

Calculation of Total Mechanical Power (MPtot)

For VCV mode, the volume control simplified equation (MPvcv-simpl) developed by Gattinoni
et al and for PCV, the pressure control simplified equation (MPpcv—-simpl) developed by Becher et al
was used in this study.[8,9]

MProtvev-simpi=(0.098xRRxTVex(Ppeak-DP/2))

MProtpev-simpi=(0.098xRRXTVex(PEEP+APinsp)).

Statistical Analysis

Statistical analyses were performed using the NCSS (Number Cruncher Statistical System) 2007
software (Kaysville, Utah, USA). In the evaluation of the study data, descriptive statistical methods
(mean, standard deviation, median, frequency, percentage, minimum, maximum) were employed,
and the distribution of the data was assessed using the Shapiro-Wilk test. For the comparison of
quantitative variables between two groups, the Student’s t-test was used. The Chi-square test was
applied to determine the relationship between categorical variables. Multiple logistic regression
analysis was conducted to identify factors influencing the dependent variable. Statistical significance
was evaluated at the p<0.01 and p<0.05 levels.

3. Results

The study cohort comprised 4,530 critically ill patients requiring mechanical ventilation. Overall
ICU mortality was 41.2%, with a survival rate of 58.8%. Sex-stratified analysis revealed:

¢ Among female patients (n=1,753), the survival rate was 53.9% (n=944)

¢ Among male patients (n=2,777), the survival rate was 57.8% (n=1,605)

Although the proportion of non-survivors was slightly higher among females, the difference
between sexes was not statistically significant (p = 0.055). The comparison between the non-survived
group and the surviving patients revealed several statistically significant differences (p=0.001). The
non-survived group had a significantly lower RR, TVe, C, and hospital stay duration. In contrast,
they had significantly higher values in PEEP, Ppeak, AP, MP, initial and final SOFA scores, APACHE
I score, mechanical ventilation duration, age and BMI. The 2012-2018 group had significantly higher
values in RR, PEEP, TVe, SOFA (initial and final), Ppeak, DP, MP, BMI, length of ICU stay, and
ventilation time compared to the 2019-2024 group (p=0.001; p<0.05). Conversely, C, APACHE I, age,
were significantly lower in the 2012-2018 group (p=0.001; p<0.05). The admission of patients with
pulmonary diagnoses increased from 26.2% to 39.5% in 2019-2024 group (p<0.001), while
gastrointestinal and cardiac admissions decreased (25.4% to 17.9% and 15.5% to 8.1%, respectively
(p<0.001)). Except of Chronic Obstructive Pulmonary Disease (COPD), the prevalence of all the
comorbidities (diabetes mellitus, hypertension, malignancy, cerebrovascular diseases, coronary
artery diseases, heart and liver failure) increased significantly in 2019-2024 group (p< 0.001). Despite
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the increased prevalence of comorbidities, the mortality is lower in 2019-2024 suggesting that LDPV

may mitigate risk in more complex patient groups. These findings suggest that patients in the non-

survived group were generally older, had higher severity scores and ventilatory demands, and

experienced more compromised respiratory mechanics compared to survivors (Table 1-4).

Table 1. Demographic and baseline characteristics of Non-survived, Survived group and 2012-2018, 2019-2024

groups.
Non-survived
Survived Group 2012-2018 Group 2019-2024 Group
Group
(n: 2663) p value (n: 1797) (n: 2733) p value
(n:1867)
meanSD mean+SD mean+SD
mean+SD
A, .001™ .59+20.17 .02+18.4 .001™
ge (year) 62.38+17.75 57.46+19.86 <000 28:59+20 60.02+18.48 <000
BMI (kg/m?2) 31.31+33.13 29.32+27.09 0.041" 33.75+45.55 27.89+11.89 <0.001*
SOFA-initial 11.51+3.32 10.37£3.33 <0.001™ 12.5+3.08 9.75+£3.1 <0.001"
SOFA-final 13.02+4.06 9.7+5.48 <0.001" 14.46+4.87 8.83+4.11 <0.001™
APACHE II 21.53+8.74 19.38+7.99 <0.001* 18.8+8.18 21.24+8.34 <0.001*
Duration of stay (hour) ~ 305.8+278.82 347.91+365.49 <0.001" 414.5+447.64 272.82+204.20 <0.001™
Ventilation — duration
246.09+232.86 206.55+242 .47 <0.001" 272.06+304.36 188.23+171.99 <0.001"
(hour)

*significant at 0.05 level, **significant at 0,01 level. BMI: Body mass index, SOFA: Sequential organ failure

assessment, APACHE: Acute physiology and chronic health evaluation.

Table 2. Type of Diagnosis on Admission and Comorbidities of Patients in 2012-2018, 2019-2024 Groups.

Type of admission n (%)  2012-2018 Group (n:1797)  2019-2024 Group (n:2733) p value
Pulmonary 467 (26.2%) 1073 (39.5%) <0.001*
Neurologic 469 (26.3%) 659 (24.2%) 0.133
Gastrointestinal 453 (25.4%) 487 (17.9%) <0.001**
Cardiac 277 (15.5%) 219 (8.1%) <0.001**
Renal 72 (4.0%) 186 (6.8%) <0.001
Metabolic 25 (1.4%) 65 (2.4%) 0.027*
Other 22 (1.2%) 29 (1.1%) 0.712
Comorbidities n (%)

COPD 1513 (84.8%) 1265 (46.5%) <0.001**
Diabetes Mellitus 72 (4.0%) 480 (17.7%) <0.001**
Hypertension 72 (4.0%) 368 (13.5%) <0.001**
Malignancy 32 (1.8%) 180 (6.6%) <0.001*
Cerebrovascular disease 36 (2.0%) 128 (4.7%) <0.001*
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Heart failure 24 (1.3%) 88 (3.2%) <0.001**
Coronary artery disease 11 (0.6%) 81 (3.0%) <0.001**
Liver failure 13 (0.7%) 49 (1.8%) 0.004*
Chronic kidney disease 6 (0.3%) 40 (1.5%) <0.001**
Other 5 (0.3%) 34 (1.3%) <0.001

*significant at 0.05 level, **significant at 0,01 level. COPD: Chronic obstructive pulmonary disease.

Table 3. Comparison of Respiratory Parameters of Patients in Non-survived and Survived Groups.

Survived
Non-survived Group (n: 1867) mean+SDGroup (n:2663) P
value
mean+SD
Respiratory rate 14.59+2.61 14.85+2.91 0.002*
PEEP (cmH:0) 7.42+1.66 6.81+1.41 <0.001**
Expiratory tidal volume (ml)476.53+88.93 499.04+88.59  <0.001**
Ppeak (cmH20) 22.66+4.57 20.13+3.52 <0.001**
Compliance (mL/ cmH20)  35.53+11 41.64+10.54  <0.001**
Driving pressure (cmH20) 14.94+3.54 12.942.53 <0.001**
Mechanical power (J/min) 16.98+5.46 14.86+4.01 <0.001**

*significant at 0.05 level, **significant at 0,01 level. PEEP: Positive end-expiratory pressure, Ppeak: Peak

inspiratory pressure.

Table 4. Comparison of Respiratory Mechanics of patients between 2012-2018 Group and 2019-2024 Groups.

2019-2024 Group
2012-2018 Group (n:1797)

(n:2733)
mean+SD value
mean*SD
Respiratory rate 15.62+3.78 14.18+1.59 <0.001**
PEEP (cmH:0) 7.23+1.71 6.94+1.42 <0.001**
Expiratory tidal
518.73+103.66 471.74+72.17 <0.001**
volume (ml)
Ppeak (cmH:0) 21.93+4.54 20.63+3.81 <0.001**
Compliance (mL/
38.27+11.39 39.79+10.9 <0.001**
cmH20)
Driving pressure
14.67+3.44 13.1+2.75 <0.001**
(cmH20)
Mechanical power
. 18.08+5.56 14.18+3.33 <0.001**
(J/min)

*significant at 0.05 level, **significant at 0,01 level. PEEP: Positive end-expiratory pressure, Ppeak: Peak

inspiratory pressure.

Analysis of regression coefficients showed that RR ($=1.195, p<0.01), TVe (3=1.007, p<0.01), final
SOFA score ($=0.85, p<0.01), Ppeak (p=1.117, p<0.01), DP (=0.843, p<0.01), APACHE II score
($=0.979, p<0.01), MP (3=0.863, p<0.01), age (=0.991, p<0.01), length of ICU stay (3=1.007, p<0.01),
and ventilation time (3=0.993, p<0.01) had a statistically significant and positive impact on mortality.
In other words, patients who died had higher values of RR, TVe, final SOFA, Ppeak, DP, APACHE
II, MP, age, length of ICU stay and ventilation duration compared to survivors (Table 5).
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Table 5. Logistic Regression Analysis for Predicting Non-Survival Status.
Univariable Multivariable
M
o S.Err Ex S.Er Ex
variable B P Wald P B P Wald P
or (B) value ror (B) value
el
- 098 66.95 <0.001 0.00 0.99 20.15 <0.001
1 Age (year) 0.002 -0.01
0.014 6 9 ** 2 1 9 **
BMI - 0.99 <0.001 0.00 0.99
0.001 4313 -0.002 0.713 0.399
(kg/m?) 0.002 8 ** 2 8
SOFA- - 0.90 1184 <0.001 0.01 1.00
0.009 0.009 0.519 0.471
initial 0.102 3 33 g 3 9
SOFA- - 0.88 402.6 <0.001 0.00 3154 <0.001
] 0.006 -0.162 0.85
final 0.128 0 01 ** 9 45 **
APACHE - 0.97 68.62 <0.001 0.00 0.97 18.61 <0.001
0.004 -0.021
II 0.031 0 5 ** 5 9 4 **
1.03 <0.001 0.01 1.19 89.24 <0.001
RR 0.035 0.012 8.982 0.178
6 *% 9 5 3 *%
PEEP - 0.77 1526 <0.001 0.04 0.91
0.021 -0.09 3.768 0.052
(emH20)  0.258 2 68 ** 7 4
1.00 65.64 <0.001 0.00 1.00 66.49 <0.001
TV.(ml) 0.003 0.001 0.007
3 6 ** 1 7 4 **
Preak - 0.85 351.0 <0.001 0.03 1.11 <0.001
0.008 0.111 8.855
(emH:0)  0.157 4 53 g 7 7 g
Complianc
1.05 297.1 <0.001 0.00 0.98
e (mL/ 0.054 0.003 -0.011 1.6 0.206
5 03 ** 9 9
cmH20)
DP - 0.79 3873 <0.001 0.04 0.84 14.71 <0.001
0.012 -0.171
(emH20)  0.232 3 21 ** 5 3 8 **
MP - 090 193.0 <0.001 0.01 0.86 <0.001
0.007 -0.147 57.29
(J/min) 0.097 8 12 g 9 3 g
Duration
099 16.37 <0.001 0.00 1.00 2134
of Stay 0.001 0.001 0.007 0.055
9 9 g 1 7 27
(hour)
Ventilation
- 0.99 27.38 <0.001 0.00 099 1999 <0.001
duration 0.001 -0.007
0.001 9 9 ** 1 3 51 **
(hour)

*significant at 0.05 level, **significant at 0,01 level. BMI: Body mass index, SOFA: Sequential Organ Failure
Assessment, APACHE: Acute Physiology and Chronic Health Evaluation, RR: Respiratory rate, PEEP: Positive
end-expiratory pressure, TVe: Expiratory tidal volume, Ppeak: Peak inspiratory pressure, DP: Driving pressure,

MP: Mechanical power.
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The graph shows that ICU admissions rose from around 400 in 2012 to over 1500 in 2022. A sharp
increase occurred in 2018, jumping from 600 to approximately 1350. Meanwhile, the ICU mortality
rate decreased from 37% in 2012 to about 20% in 2018 and stayed stable through 2024. The highest
mortality rate was over 40% in 2016, when admissions were around 600. This inverse trend after 2018
suggests improved healthcare outcomes despite rising admissions and COVID-19 pandemic (Figure

1).
1800 45%
1600 40%
1400 35%
1200 30%
1000 25%

800 20%
600 15%

o

400 10%
20 I I I 5%
0 0%

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

B Patients e Mortality

Figure 1. Trends in ICU Admissions and Mortality Rates (2012-2024).

4. Discussion

Following implementation of a standardized LDPV protocol in last month of 2018, we observed
a significant mortality reduction: from about 40% in the pre-implementation period (2012-2018) to
20% post-implementation (2019-2024), suggesting LDPV may substantially improve outcomes in ICU
patients. Non-survivors demonstrated greater age, illness severity scores, worse respiratory
mechanics (higher PEEP, Ppeak, AP, MP and lower C), more severe physiological derangements
across multiple organ systems. Multivariable regression identified age, APACHE II, RR, TVe, Ppeak,
AP and MP as independent risk factors for ICU mortality. Despite increased age and APACHE II
score in the 2019-2024 period, ventilator settings and respiratory mechanics became more protective,
highlighting the clinical impact of LDPV.

Our observation of higher AP in non-survivors (14.9 vs. 12.9 cmH,O, p<0.001) aligns with current
evidence. A 2022 retrospective ARDS cohort study reported AP >14.5 cmH,O in non-obese patients
as an independent mortality predictor (OR 1.04; p <0.05)(10) . Similarly, a large multicenter study
Checkly et al. demonstrated that AP was independently associated with hospital mortality in both
ARDS and non ARDS adults [11]. These findings confirm that high AP remains a potent and universal
risk factor across ICU settings.

Our observed association between elevated MP (>17 J/min) and mortality aligns with findings
from the multinational CHEST registry study, which reported an adjusted odds ratio of 1.58 for ICU
mortality at this threshold [12]. A Dutch study of 1,962 non-ARDS ventilated patients found MP
independently predicted 28-day mortality [13]. These datas cofirm that elevated MP independently
predicts mortality through mechanisms extending beyond its constituent parameters. Parhar et al.
showed that MP >22]/min in ARDS patients was associated with lower ventilator-free days and
worse 3-year survival [14]. Despite our study spanning mixed ICU populations, the overlap in MP
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thresholds supports the generalizability of this risk metric. ARDS-specific findings reveal that MP
provides critical prognostic value beyond traditional targets like AP or airway pressures.

Furthermore, a Korean study evaluated MP using a simplified PCV equation in 125 patients,
finding higher MPPCV (17.6 vs. 26.3 ]J/min) correlated with ICU mortality (OR 1.09; p=0.003) [15].
This reaffirms that MP is relevant across ventilation modes and that simplified calculations may be
effectively used in routine practice. It is noteworthy that MP predicted ICU mortality in neurocritical
patients (cutoff 12.16 J/min; OR 1.11 per J/min; p <0.001), outperforming Glascow coma scores [16].
Additionally, in pediatric ARDS patients, higher MP (per 0.1 ]/min/kg) was associated with increased
ICU mortality (OR1.22; p=0.036) [17]. These results highlight MP's cross-population applicability
and the need to apply PLDV across diverse age and clinical groups.

A 2020 post hoc analysis of 839 invasively ventilated adults showed that a 1 cmH,O increase in
AP was associated with a 5% increase in 90 day mortality, while a 100 mJ/min/kg PBW rise in MP
carried a 20% higher risk. Both AP and MP had AUROCsSs around 0.70 for predicting 90 day mortality,
performing comparably to APACHE IV and Simplified Acute Physiology Score (SAPS) Il scores [18].
These studies corroborate our findings that both MP and AP are accurate predictors comparable to
established severity scores reinforcing their clinical utility.

A 2025 Frontiers study involving PCV patients found that non-survivors had higher AP, MP,
and dynamic lung-threshold indices (e.g., LTC_ MPdyn) [19]. Adjusted models confirmed MP
(aOR 1.03 per J/min) and respiratory mechanics as significant mortality predictors. These results
provide strong mechanistic alignment with our multivariable observations.

After 2019, our ICU saw a notable reduction in AP (14.7 — 13.1 cmH,0O) and mechanical power
(18 — 14 J/min), concurrent with improved mortality. These data showing decreasing ventilator-
associated mortality in settings adopting MP- and AP-guided LDPV. Our findings provide real-world
evidence that structured LDPV protocols can yield dramatic survival benefits, even in broader ICU
settings.Taken together, these studies advocate for bedside monitoring of AP and MP. Targets such
as AP <15 cmH>O and MP <17 J/min appear achievable and associated with optimal outcomes.

Strengths and Limitations

This study has several strengths, including a large sample size spanning 12 years, enabling a
robust analysis of minute-level DP, MP calculation across both ARDS and non-ARDS patients. The
pre- and post-implementation comparison of lung-protective ventilation (LPV) strategies adds
further value by capturing practice evolution over time. However, the study also has a notable
limitation. Its retrospective, single-center design may restrict the generalizability of findings. The
observational nature of our study and baseline imbalances between groups preclude causal
inferences. However, the consistent association between reduced DP, MP and improved survival
aligns with prior evidence supporting LDPV, warranting further prospective validation.

5. Conclusions

Our study highlights that optimizing AP and MP through LDPV is strongly associated with a
significant reduction in ICU mortality, even among older patients and those with higher illness
severity. This finding is consistent with emerging evidence across ARDS, non-ARDS, and
neurocritical care populations, reinforcing the role of AP and MP as critical metrics for VILL The
observed survival benefit supports the adoption of real-time, physiology-driven ventilation strategies
guided by AP and MP to enable early detection of harmful ventilatory patterns and timely
intervention. As intensive care moves toward individualized approaches, integrating these
parameters into routine practice—potentially through automated systems—could enhance safety,
improve outcomes, and redefine standards for mechanical ventilation management.
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