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Background: Acute respiratory distress syndrome (ARDS) is a common pathological condition among
critically ill patients that often requires mechanical ventilation support. However, mechanical ventilation
increases the risk of ventilator-induced lung injury (VILI). Different prone ventilation strategies may have
varying effects on mechanical power (MP) and respiratory mechanics. This study aimed to compare the
effects of prone ventilation and lateral-prone ventilation on MP and respiratory mechanics in ARDS patients
to assess the relative risks of VILI associated with these strategies.

Methods: This prospective, single-center observational study employed a randomized trial. One hundred
and twenty-two patients with moderate-to-severe ARDS admitted to the Department of Critical Care
Medicine at Lishui Central Hospital between December 2021 and April 2024 were enrolled in this study.
Patients were randomly assigned to receive either prone or lateral-prone ventilation strategies. The primary
outcomes included MP, driving pressure (DP), static lung compliance (Cstat), airway resistance (Raw), the
oxygenation index [i.e., the oxygen saturation to fraction of inspired oxygen (SpO,/Fi0,) ratio], the mortality
rate, and the duration of the mechanical ventilation. Statistical analyses were performed to compare the
effects of the two ventilation strategies on the respiratory mechanics and clinical outcomes.

Results: The baseline characteristics of the patients, such as age, gender, and body mass index, were
comparable between the two groups. No significant differences were found between the groups in terms of
the Acute Physiology and Chronic Health Evaluation II (APACHE-II) score. No significant differences were
observed in the SpO,/FiO, ratio, mean arterial pressure (MAP), or Raw at different time points. However,
MP differed significantly between the prone and lateral-prone groups. No significant differences were found
between the two groups regarding heart rate (HHR), MAP, and Cstat.

Conclusions: Compared to prone ventilation, lateral-prone ventilation significantly reduced MP in ARDS
patients. The early adoption of lateral-prone ventilation may help mitigate the risk of VILI. This strategy

holds clinical promise and warrants further validation and optimization.
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Introduction

Acute respiratory distress syndrome (ARDS) is a severe
form of acute lung injury caused by various factors,
including pulmonary conditions (e.g., pneumonia and
inhalation injury) and extrapulmonary conditions (e.g.,
sepsis, pancreatitis, and trauma). Global epidemiological
study reports that ARDS accounts for 10.4% of total
intensive care unit (ICU) admissions, and 23.4% of patients
require mechanical ventilation (1). The in-hospital mortality
rates for mild, moderate, and severe ARDS are 34.9%,
40.3%, and 46.1%, respectively (2). During the coronavirus
disease 2019 (COVID-19) pandemic, the incidence of
ARDS surged, with mortality rates for COVID-19-
associated ARDS reaching 62%, placing significant strain
on healthcare systems and providers worldwide (2).
Mechanical ventilation is critical for maintaining
oxygenation and ventilation in ARDS patients. However,
high airway pressures and large tidal volumes during
mechanical ventilation can cause alveolar overdistension

Highlight box

Key findings

* The early adoption of lateral-prone ventilation may help mitigate
the risk of ventilator-induced lung injury (VILI), and reduced
mechanical power (MP) in acute respiratory distress syndrome
(ARDS) patients.

‘What is known, and what is new?

e Mechanical ventilation for ARDS, while essential, risks VILI
via stress/strain mechanisms. Prone ventilation is established to
reduce VILI by improving oxygenation, alveolar recruitment, and
inflammatory mediator reduction, lowering mortality in ARDS and
coronavirus disease 2019 patients.

* This study introduces a novel comparison between prone and
lateral-prone ventilation strategies. While baseline patient
characteristics, Acute Physiology and Chronic Health Evaluation
II scores, oxygen saturation to fraction of inspired oxygen, mean
arterial pressure, and airway resistance showed no differences,
MP—a key VILI risk indicator—significantly differed between
groups. This highlights lateral-prone positioning’s distinct
mechanical impact, suggesting its potential role in modulating
VILI risk.

What is the implication, and what should change now?

* Lateral-prone ventilation should be prioritized in ARDS protocols
when MP reduction is critical, particularly in early disease stages.
Ventilation strategy algorithms should incorporate MP thresholds
alongside oxygenation targets. Real-time MP monitoring should
be integrated into critical care ventilators to guide dynamic

positioning decisions.
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and repetitive collapse, leading to mechanical stress
and strain (3). This can trigger ventilator-induced lung
injury (VILI), a condition driven by mechanisms such as
volutrauma, barotrauma, atelectrauma, and biotrauma (4).
The mechanical stress and strain associated with VILI
exacerbate lung injury by releasing inflammatory mediators,
contributing to systemic inflammatory response syndrome
(SIRS), which can progress to multiple organ dysfunction
syndrome (MODS) (3,4).

Prone ventilation improves oxygenation and ventilation
in ARDS by repositioning patients to reduce alveolar
overdistension and promote the recruitment of collapsed
alveoli. It enhances ventilation-perfusion matching in
gravity-dependent lung regions, improves gas exchange, and
reduces the expression of inflammatory mediators. These
effects mitigate the risk of VILI and significantly reduce
ARDS mortality rates (3-5). Study has shown that prone
ventilation improves oxygenation and may reduce mortality
in mechanically ventilated COVID-19 ARDS patients (6).
Prone ventilation is now a well-established and effective
treatment for ARDS (7). However, studies on lateral-prone
ventilation are limited, as are comparing prone and lateral-
prone strategies regarding VILI risk.

"The purpose of this study was to compare the differences
of mechanical power (MP) and respiratory parameters
related to VILI in ARDS patients under prone ventilation
and lateral-prone ventilation, so as to provide data basis for
finding more effective ventilation strategies and reducing
the risk of VILI in ARDS patients. We present this article in
accordance with the TREND reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-
2025-267/rc).

Methods
Study participants

One hundred and twenty-two patients with moderate-to-
severe ARDS admitted to the Department of Critical Care
Medicine at Lishui Central Hospital between December
2021 and April 2024 were enrolled in this study. To be
eligible for inclusion in this study, the patients had to meet
the following inclusion criteria: (I) be aged 18 years or
older with a mechanical ventilation duration >48 hours; (II)
have been diagnosed with ARDS according to the Berlin
Definition 2012, and have an arterial oxygen partial pressure
to fractional inspired oxygen (PaO,/Fi0,) ratio <200 mmHg;
and (III) provide written informed consent, which was
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Figure 1 Schematic timeline of study workflow. Group A: sequential ventilation in the supine position, prone position, and lateral-prone

position (n=62); Group B: sequential ventilation in the supine position, lateral-prone position, and prone position (n=60).

obtained from either the patients or their legal guardians.

Patients were excluded from the study if they met
any of the following exclusion criteria: (I) were pregnant
or breastfeeding; (II) had contraindications to prone
ventilation, including intracranial hypertension, recent
maxillofacial or thoracic surgery, massive hemoptysis, or
spinal/pelvic instability; (III) had hemodynamic instability
requiring high-dose vasopressors; (IV) had severe
pneumothorax or pleural effusion requiring drainage; (V)
had a life expectancy of <24 hours, or an active pulmonary
or airway hemorrhage; (VI) had severe cardiovascular
diseases, such as advanced coronary artery disease, or recent
myocardial infarction; (VII) had undergone major surgery
in the previous 6 months; (VIII) had severe hepatic or renal
dysfunction or failure; and/or (IX) had any other conditions
deemed likely to interfere with the study.

This study was conducted in accordance with the
Declaration of Helsinki and its subsequent amendments.
This prospective study was approved by the Ethics
Committee of Lishui Central Hospital (ethics approval
No. 2021-311) and informed consent was taken from the
patients or their legal guardians.

Interventions

Patients with moderate-to-severe ARDS included in the
study were randomly assigned to Group A or Group B via
blinded envelope. The following intervention sequences
were employed: Group A: sequential ventilation in the
supine position, prone position, and lateral-prone position;
and Group B: sequential ventilation in the supine position,
lateral-prone position, and prone position. The duration of
prone ventilation was at least 16 hours per day. All patients
were uniformly set to volume-controlled ventilation
mode with decelerating flow waveform. Tidal volume

© AME Publishing Company.

was maintained at 6 mL/kg (predicted body weight) for
regulation. Positive end-expiratory pressure (PEEP) and
fraction of inspired oxygen (FiO,) were adjusted according
to the ARDSnet protocol. Ventilator parameters were only
modified when driving pressure (DP) exceeded 15 cmH,O or
arterial blood gas analysis revealed pH <7.25. Appropriate
sedation was administered under adequate analgesia,
maintaining a Richmond Agitation Sedation Scale (RASS)
score between -3 and -4. High-flow nasal cannula (HFNC)
oxygen therapy was consistently applied post-extubation.

Positioning protocols

The following two positioning protocols were employed:
(I) the prone positioning protocol: cylindrical cushions
were placed under the chest and iliac crests to prevent
compression of the thoracoabdominal region; and (II)
the lateral-prone positioning protocol: soft cushions were
placed under one side of the chest, hips, and knees, and the
body position angle was maintained between 15° and 30° to
ensure alignment between the torso and head. To minimize
the risk of pressure injuries, patients in the lateral-prone
position were alternated between the left and right sides
every 2 hours.

The schematic timeline of the study workflow is shown in
Figure 1, which illustrates the timeline of positional changes
corresponding to the same time points for different groups.
Each bar represents the ventilation positions at specific time
intervals; in Group A, the sequential changes in positions
included supine, prone, and lateral-prone ventilation; while
in Group B, the sequential changes alternated between
supine, lateral-prone, and prone ventilation. The horizontal
axis represents the timeline in hours, while the labels
indicate the specific positions adopted by each group at
corresponding time points.
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Data measurements

Respiratory mechanics and hemodynamic parameters were
measured at predefined time points to assess the effects
of different ventilation strategies on ARDS patients. For
Group A, the measurements were performed in the supine
position, at 1 and 4 hours after transitioning to the prone
position, and at the beginning and end of the lateral-prone
position. For Group B, the measurements were performed
in the supine position, at 1 and 4 hours after transitioning
to the lateral-prone position, and at the beginning and end
of the prone position.

The measured parameters included: MP, which was
calculated using the tidal volume, airway pressure, respiratory
rate, inspiratory flow rate, inspiratory-to-expiratory ratio,
and PEEP; DP, which was defined as the difference between
the plateau pressure and PEEP; static lung compliance
(Cstat), which was defined as the tidal volume divided by
the DP; airway resistance (Raw), which was defined as the
difference between the peak and plateau pressures divided
by the inspiratory flow rate; the oxygenation index, which
was defined as the oxygen saturation to FiO, (SpO,/FiO,)
ratio; and mean arterial pressure (MAP) and heart rate (HR),
which were both continuously monitored.

All measurements were conducted using calibrated
equipment (ventilator: Nellcor Puritan Bennett PB840;
monitor: PHILIPS MP40) by trained personnel. The
devices were calibrated before each use, and the data were
recorded directly into an electronic database to ensure
accuracy and traceability.

Statistical analysis

All the data were analyzed using SPSS software version
26.0. Data preprocessing included handling missing values,
detecting outliers, and data cleaning. The Shapiro-Wilk
test was used to assess the normality of the data. For the
normally distributed variables, paired z-tests were applied
for within-group comparisons, while for the non-normally
distributed variables, the Wilcoxon signed-rank test was
used. The effects of different ventilation strategies on
respiratory and hemodynamic parameters were analyzed
by multivariate analysis of variance to evaluate interactions
among multiple variables. To assess the associations between
MP, Cstat, and the other parameters. Correlation analyses
were performed using Pearson’s correlation coefficient
for the normally distributed data and Spearman’s rank
correlation coefficient for the non-normally distributed
data. The results are expressed as the mean = standard
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deviation, and a significance level of P<0.05 was considered
statistically significant.

Results
Comparison of clinical characteristics

One hundred twenty-two patients diagnosed with
moderate-to-severe ARDS (PaO,/FiO, <200 mmHg) were
enrolled in this study; Group A comprised 62 patients and
Group B comprised 60 patients. There were no statistically
significant differences between the two groups in terms
of the baseline clinical characteristics, including gender
distribution, age, body mass index, Acute Physiology and
Chronic Health Evaluation IT (APACHE-II) score, and
causes of infection (P>0.05).

Given that APACHE-II scores are critical for assessing
the severity of illness, any potential influence of these scores
was controlled as a confounding factor in the subsequent
analyses to ensure the scientific rigor and reliability of the
evaluation of the different ventilation strategies. Detailed
results are presented in Table 1.

Effects of positional changes on bemodynamic parameters

This study assessed the effect of different ventilation
strategies on hemodynamic parameters, including MAP
and HR, in patients with ARDS. No significant differences
in MAP variations at any time point were found between
the two groups (P>0.05). Tiable 2 shows the hemodynamic
variables in the prone and prone-lateral groups. There
were no significant differences in MAP and HR in the
two groups. These findings suggest that regardless of
the ventilation strategy used, MAP remained relatively
stable, supporting the safety and feasibility of positional
adjustments in the management of ARDS.

In relation to HR, no significant differences in HR
variations at any time point were found between the two
groups (P>0.05) (7able 3). In summary, the lateral-prone
ventilation strategy caused minor short-term fluctuations
in HR but had no significant effect on the long-term
hemodynamic stability, further supporting its safety and
clinical applicability.

Effects of positional changes on respiratory mechanics

The oxygenation index is a critical parameter reflecting
a patient’s oxygenation status and is calculated as the
SpO,/FiO, ratio. A higher oxygenation index value indicates
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Table 1 Clinical characteristics of patients Table 3 Changes in HR (frequency/min)
Parameters Group A (n=62) Group B (n=60) P value HR Group A (n=62) Group B (n=60) P value
Gender 0.17 HR1 80.73+19.46 79.87+21.49 0.82
Male 44 (70.97) 49 (81.67) HR2 79.47+15.98 81.08+21.94 0.64
Female 18 (29.03) 11 (18.33) HR3 80.11+17.84 80.70+21.51 0.87
Age (years) 76.13+10.51 77.72+7.10 0.34 HR4 80.27+17.81 80.00+20.44 0.94
BMI (kg/m?) 24.12+3.98 25.26+3.96 0.09 HR5 79.73+18.46 79.37+19.82 0.92
APACHE-II (score) 28.76+5.90 23.65+4.33 0.91 Data are presented as mean + standard deviation. Group A:
. . sequential ventilation in the supine position, prone position, and
Type of infection 0.96 lateral-prone position; Group B: sequential ventilation in the
Bacterial infection 4 (6.45) 5 (8.33) supine position, lateral-prone position, and prone position. HR,
o ) heart rate.
Viral infection 58 (93.55) 55 (91.67)
Hypertension 14 (22.58) 19 (31.67) -
Hyperlipemia 22 (35.48) 15 (25.00) _ The results (Figure 2 and Table 4) showed no significant
Digbetes mellitus 12 (19.35) 9 (15.00) ~ dlffere.nces in the SpO,/FiO, ratio bfet.we.en the two groups
following prone or lateral-prone positioning (P>0.05). This
COPD 4(6.4) 7(11.67) - finding may be attributed to impaired pulmonary circulation
Chronic nephrosis 6 (9.68) 9 (15.00) - and uneven blood flow distribution in ARDS patients. In
Others 4 (6.45) 1(1.67) _ the context of systemic hemodynamic instability or cardiac

Data are presented as n (%) or mean + standard deviation.
Group A: sequential ventilation in the supine position, prone
position, and lateral-prone position; Group B: sequential
ventilation in the supine position, lateral-prone position, and
prone position. APACHE-II, Acute Physiology and Chronic
Health Evaluation Il; BMI, body mass index; COPD, chronic
obstructive pulmonary disease.

Table 2 Changes in MAP (mmHg)

MAP Group A (n=62) Group B (n=60) P value
MAP1 82.58+10.21 80.37+6.72 0.16
MAP2 81.86+9.35 79.92+6.68 0.19
MAP3 82.29+7.44 80.18+6.37 0.09
MAP4 82.52+8.42 79.88+6.66 0.06
MAPS 81.21+9.33 79.15+10.61 0.26

Data are presented as mean + standard deviation. Group A:
sequential ventilation in the supine position, prone position, and
lateral-prone position; Group B: sequential ventilation in the
supine position, lateral-prone position, and prone position. MAP,
mean arterial pressure.

better oxygenation, while a lower value suggests impaired
oxygenation. This study evaluated the effects of different
ventilation strategies on the oxygenation status of ARDS
patients.

© AME Publishing Company.

dysfunction, improvements in overall oxygenation may be
limited.

The results (Table 5) indicated that positional changes
had no significant effect on Raw in either group (P>0.05),
which suggests that positional adjustments exert minimal
influence on Raw.

Damage to the alveolar-capillary membrane in ARDS
patients significantly reduces lung compliance. Cstat, an
indicator of lung elasticity and distensibility, is influenced
by airway pressure and lung volume. The results (7zble 6)
showed that Cstat increased from the baseline across
different positions in both groups, particularly after the
lateral-prone position, but these changes did not reach the
level of statistical significance (P>0.05).

The effect of body position changes on pulmonary

mechanics

This study evaluated the effects of different ventilatory
strategies on pulmonary MP and DP in patients with ARDS.
MP reflects the total mechanical load imposed on the lungs
during mechanical ventilation, and excessive MP is closely
associated with the development of VILI. DP, defined as
the pressure difference driving gas into the alveoli during
each respiratory cycle, is a key parameter for assessing lung
elastic load and the effectiveness of mechanical ventilation.
The results (Figure 3 and Tuable 7) showed that the
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Figure 2 Effects of prone and lateral-prone positions on the oxygenation index. (A) Changes in oxygenation index (SpO,/FiO,) relative

to the baseline during transitions between prone and lateral-prone positions. The supine position served as the baseline reference for

comparisons of SpO,/FiO, changes across different positional transitions. (B) SpO,/FiO, at identical time points under different positional

conditions. Statistical significance is indicated for comparisons between positions. Group A: sequential ventilation in the supine position,

prone position, and lateral-prone position (n=62); Group B: sequential ventilation in the supine position, lateral-prone position, and prone

position (n=60). ns, not significant. SpO,/Fi0,, oxygen saturation to fraction of inspired oxygen ratio.

Table 4 Changes in the oxygenation index (mmHg)

Table 5 Changes in Raw

Oxygenation index Group A (n=62) Group B (n=60) P value Raw Group A (n=62) Group B (n=60) P value
SpO,/FiO,-1 144.48+39.66 143.90+34.11 0.93 Raw-1 12.59+2.43 11.68+3.09 0.08
SpO,/FiO,-2 158.60+37.42 164.13+32.82 0.39 Raw-2 13.68+2.48 12.97+2.75 0.14
SpO,/FiO,-3 164.80+45.19  172.53+33.40 0.28 Raw-3 13.81+2.26 13.07+2.69 0.10
SpO,/FiO,-4 168.60+47.54  171.40+32.70 0.71 Raw-4 12.34+2.31 13.03+2.52 0.12
SpO,/FiO,-5 170.30+48.50 170.75+33.93 0.95 Raw-5 12.17+2.24 12.83+2.47 0.12

Data are presented as mean + standard deviation. Group A:
sequential ventilation in the supine position, prone position,
and lateral-prone position; Group B: sequential ventilation in
the supine position, lateral-prone position, and prone position.
SpO,/FiO,, oxygen saturation to fraction of inspired oxygen
ratio.

© AME Publishing Company.

Data are presented as mean + standard deviation. Group A:
sequential ventilation in the supine position, prone position, and
lateral-prone position; Group B: sequential ventilation in the
supine position, lateral-prone position, and prone position. Raw,
airway resistance.
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Table 6 Changes in Cstat Table 7 Changes in MP (J/min)
Cstat Group A (n=62) Group B (n=60) P value MP Group A (n=62) Group B (n=60) P value
Cstat-1 34.70+7.36 36.20+7.97 0.28 MP-1 18.98+3.08 19.20+2.13 0.66
Cstat-2 35.56+6.63 38.90+7.75 0.08 MP-2 18.37+2.66 16.91+1.81 <0.001
Cstat-3 35.88+6.17 38.28+7.72 0.06 MP-3 18.80+3.03 16.91+£1.78 <0.001
Cstat-4 35.19+6.87 36.33+6.43 0.36 MP-4 17.12+2.49 18.24+2.08 0.008
Cstat-5 35.31+7.02 37.40+6.63 0.09 MP-5 17.07+1.71 18.33+2.01 <0.001
Data are presented as mean = standard deviation. Group A: Data are presented as mean + standard deviation. Group A:
sequential ventilation in the supine position, prone position, sequential ventilation in the supine position, prone position, and
and lateral-prone position; Group B: sequential ventilation in lateral-prone position; Group B: sequential ventilation in the
the supine position, lateral-prone position, and prone position. supine position, lateral-prone position, and prone position. MP,
Cstat, static lung compliance. mechanical power.
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Figure 3 Effects of supine, prone, and lateral-prone positions on MP. (A) Changes in MP relative to the baseline during transitions
between prone and lateral-prone positions. The supine position served as the baseline reference for comparisons of MP changes across
different positional transitions. (B) Absolute MP values at identical time points under different positional conditions. Statistical significance
is indicated for comparisons between positions. Group A: sequential ventilation in the supine position, prone position, and lateral-prone
position (n=62); Group B: sequential ventilation in the supine position, lateral-prone position, and prone position (n=60). **, P<0.01; ***,
P<0.001; ****, P<0.0001; ns, not significant. MP, mechanical power.

lateral-prone position significantly reduced pulmonary a significant decrease in MP. Conversely, in Group B,
MP. Specifically, in Group A, transitioning from the flat- transitioning from the lateral-prone position to the flat-
prone position to the lateral-prone position resulted in prone position led to a statistically significant increase in
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Table 8 Changes in DP (cmH,0)

DP Group A (n=62)  Group B (n=60) P value
DP-1 16.42+3.01 16.58+2.33 0.74
DP-2 16.11+2.90 14.73+2.50 0.006
DP-3 16.13+2.77 14.80+2.37 0.005
DP-4 15.60+2.50 16.70+1.91 0.007
DP-5 15.52+2.87 16.92+2.08 0.003

Data are presented as mean = standard deviation. Group A:
sequential ventilation in the supine position, prone position, and
lateral-prone position; Group B: sequential ventilation in the
supine position, lateral-prone position, and prone position. DP,
driving pressure.

Table 9 Effects of different interventions on the outcomes of
ARDS patients

Parameters Group A (n=62)  Group B (n=60) P value

Mortality 11 (17.74) 16 (26.67) 0.24

Data are presented as n (%). Group A: sequential ventilation in
the supine position, prone position, and lateral-prone position;
Group B: sequential ventilation in the supine position, lateral-
prone position, and prone position. ARDS, acute respiratory
distress syndrome.

1.0 — Group A
— Group B

0.5

Survival probability

Log-rank P=0.047
Hazard ratio =0.396

0.0

0 500 1000 1500 2000
Time, h
Figure 4 Survival curves of the two groups. Group A: sequential
ventilation in the supine position, prone position, and lateral-prone
position (n=62); Group B: sequential ventilation in the supine

position, lateral-prone position, and prone position (n=60).

MP (P<0.05). Notably, the reduction in MP was more
pronounced at 1 and 4 hours after adopting the lateral-
prone position (P<0.05). These findings indicate that
the lateral-prone position helps alleviate the pulmonary
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mechanical load by improving ventilation-perfusion
matching, increasing alveolar recruitment, and reducing
localized alveolar overdistension. Consequently, the
mechanical work exerted by the ventilator on the lungs is
decreased. These results highlight the potential benefits of
the lateral-prone position in reducing the risk of VILL

The study results (7able §) indicated that positional
changes significantly affected DP in both groups (P<0.05).
Prone positioning improved ventilation-perfusion
matching, particularly in the dependent lung regions,
which might enhance alveolar gas exchange efficiency
and reduce the mechanical energy required to maintain
the same tidal volume. Lateral-prone positioning may
further optimize alveolar expansion and gas distribution,
increasing lung compliance and thereby reducing the DP
needed for mechanical ventilation. These findings suggest
that positional adjustments significantly improve the lung
elastic load. The lateral-prone position may alter gas flow
patterns in the lungs, reducing air retention and backflow
in the airways, thereby enhancing ventilation efficiency and
decreasing the MP demand.

Comparative outcomes of MP across positional strategies in
ARDS patients

This study comprehensively evaluated the clinical outcomes
of different ventilation strategies in ARDS patients,
including the survival curves and mortality rates. The
results (7able 9) indicated that no significant difference in
the mortality rates was observed between the two groups
(P>0.05).

However,the log-rank test (Figure 4) revealed that the
lateral-prone position offers advantages in improving
clinical outcomes for ARDS patients, particularly in terms
of prolonging survival. The lateral-prone position reduced
MP and the risk of VILI, contributing to improved survival
rates to some extent.

Discussion

ARDS is a form of respiratory failure caused by various
factors. It is primarily characterized by alveolar and
interstitial edema and heterogeneous regional pathological
changes. ARDS commonly occurs in critically ill patients,
particularly in the presence of infection, trauma, or severe
systemic inflammation (8,9). Mechanical ventilation is a
critical intervention for ARDS management that facilitates
alveolar recruitment, reduces pulmonary capillary pressure,
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and improves gas exchange. However, it can also induce
VILI, which may exacerbate SIRS, which can progress to
MODS (10). Reducing MP in ARDS patients to mitigate
ventilator-associated lung injury is thus a major challenge
in ARDS management. Lowering the mechanical load
exerted on the lungs during mechanical ventilation not only
prevents further lung damage but also has the potential
to improve the overall outcomes by minimizing systemic
inflammatory consequences and preserving organ function.

This study was the first to systematically compare
the lung-protective effects of prone and lateral-prone
ventilation strategies in ARDS patients. The rationale
for selecting the lateral-prone position is its ability to
leverage gravity to promote alveolar recruitment, reduce
dead space, improve ventilation/perfusion ratios, and
decrease cardiac compression on the lungs. These factors
collectively optimize ventilation and perfusion matching,
enhancing oxygenation efficiency. Alveoli in gravity-
dependent regions are more effectively recruited through
positional changes, particularly the gravitational effects of
the lateral-prone position. This improves gas exchange and
reduces the proportion of dead space. The oxygenation
index reflects multiple factors and may not fully represent
a patient’s clinical status or prognosis. While prone
ventilation is widely employed in ARDS management to
improve oxygenation, factors such as pulmonary pathology,
physiological conditions, and mechanical ventilation settings
can sometimes lead to minimal changes in the SpO,/FiO,
ratio. In clinical practice, individualized assessment and
tailored treatment strategies are crucial for optimizing
oxygenation outcomes in ARDS patients. However, the
results of this study revealed no significant difference
in the oxygenation index between the lateral-prone and
prone positions. This finding could be due to individual
variability among the patients, the severity of the disease,
and differences in ventilation parameter settings. On the
other hand, it may be attributed to the heterogeneous
nature of pulmonary lesions in ARDS patients, where the
spatial distribution of lung injuries varies significantly across
individuals. Furthermore, the lateral-prone positioning
protocol lacked individualized adjustments in orientation
and angle based on the specific anatomical locations of
pulmonary pathologies.

Prone ventilation has also improved oxygenation in
patients with acute respiratory failure caused by COVID-19
(11,12). The pathological features of COVID-19, which is
characterized by severe alveolar damage, inflammation, and
ventilation/perfusion mismatch, leading to hypoxemia, are
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similar to those of ARDS. By recruiting collapsed alveoli,
reducing atelectasis, and optimizing ventilation/perfusion
matching, prone ventilation enhances oxygenation levels.
Clinical studies have shown that prone positioning
significantly improves oxygenation in COVID-19 patients,
reduces respiratory rates, and decreases the need for
mechanical ventilation (13-15). Similarly, the present
study found that lateral-prone ventilation produced even
more pronounced effects in COVID-19-associated ARDS,
further supporting its potential application in managing
acute respiratory failure.

In terms of hemodynamics, no significant differences
were observed between the prone and lateral-prone
positions in terms of HR, MAP, Cstat, or Raw. The
relatively minor effect of prone positioning on intrathoracic
pressure and cardiac function can be attributed to the
thoracic support provided in this position, which helps
distribute intrathoracic pressure evenly, reducing localized
pressure concentrations and minimizing hemodynamic
effects. In this study, the transient elevation in HR might
have been due to the initial adaptive response to the new
position, likely mediated by sympathetic nervous system
activation. This thoracic support mechanism effectively
reduces the mechanical load on the heart, particularly
in gravity-dependent regions, thereby maintaining
hemodynamic stability. Additionally, the compliance of
damaged lung tissue primarily depends on the extent
of lung injury, which positional changes are less likely
to influence. As a result, no significant differences in
compliance were observed between the prone and lateral-
prone positions. ARDS patients often exhibit elevated
baseline Raw due to pulmonary edema, alveolar destruction,
and other pathological alterations. These conditions may
offset the potential benefits of positional changes on Raw
improvement. Further, positional changes have a relatively
limited effect on the patency of large airways, which might
explain the absence of significant changes in Raw. These
findings suggest that the primary benefit of positional
adjustments lies in enhancing oxygenation rather than
directly affecting Raw. In clinical practice, ARDS patients
with high baseline Raw may require additional therapeutic
interventions combined with positional ventilation to
achieve more pronounced improvements in respiratory
mechanics.

The reduction in Cstat observed in the ARDS patients
can be attributed to factors such as alveolar-capillary
membrane damage, inflammation, and fibrosis. Positional
adjustments may enhance local alveolar ventilation;
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however, the extent of improvement in compliance appears
limited in severe ARDS due to extensive pathological
changes throughout the lungs. While the lateral-prone
position may improve alveolar recruitment in certain
regions, the overall pathological condition of the lungs
remains largely unchanged, which might explain the limited
effect of the position on Cstat. These findings suggest that
positional strategies in ARDS management should primarily
aim to improve oxygenation, and their ability to improve
lung compliance may be limited. Combining positional
adjustments with additional therapeutic interventions may
be necessary to achieve better lung function outcomes.

MP reflects the energy expenditure of mechanical
ventilation and is a critical parameter for assessing the
invasiveness of ventilation and the risk of VILI (14). MP
integrates factors such as the tidal volume, respiratory
rate, airway pressure, and lung compliance to quantify the
physical stress exerted on the lungs during mechanical
ventilation. It aids clinicians in optimizing ventilation
settings to minimize lung injury. Higher MP is strongly
associated with an increased risk of VILI; thus, it is essential
to maintain MP in a reasonable range during ARDS
treatment (16-19).

DP represents the difference between airway pressure
and alveolar pressure, and is often used to measure airway
pressure variations during ventilation. At a constant tidal
volume, an increase in DP indicates that more energy is being
applied to the lungs, heightening the risk of lung injury.
Increases in DP are typically accompanied by increases in
MP, further escalating the potential for lung damage.

This study showed that the lateral-prone position
significantly reduced both MP and DP in ARDS patients.
These reductions help mitigate alveolar overdistension and
repetitive collapse, improving overall lung ventilation and
decreasing the risk of VILL These findings underscore the
role of the lateral-prone position in optimizing mechanical
ventilation and protecting lung integrity in ARDS patients.

"This study showed the beneficial effects of lateral-prone
ventilation on MP; however, it had several limitations
that should be noted. For example, this study did not
evaluate the impact of the two positioning strategies on
critical clinical outcomes, including mortality rate, tracheal
reintubation rate, duration of mechanical ventilation, and
ICU length of stay. Future investigations hope to validate
the effects of these positions on patient-centered outcomes
through multicenter, large-sample randomized controlled
trials (RCTs). Furthermore, the current assessment of
respiratory mechanics was limited to parameters such as
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SpO,/FiO, ratio, Raw, Cstat, and DP. Subsequent research
aims to incorporate advanced visualization modalities—
including electrical impedance tomography (EIT), lung
ultrasonography, and bedside computed tomography (CT)
scans—to comprehensively evaluate positional effects on
respiratory mechanics, thereby guiding personalized prone
positioning strategies for ARDS patients. Also, the study did
not evaluate the effects of fluid balance and sedation depth
on survival and respiratory mechanics. Changes in fluid
balance may directly influence the degree of pulmonary
edema, thereby affecting oxygenation and the assessment of
MP. Excessive fluid accumulation can exacerbate pulmonary
edema, reducing oxygenation efficiency, while inadequate
fluid balance may impair circulation and compromise
systemic organ function. Sedation depth is also a critical
variable. Insufficient sedation may increase spontaneous
breathing efforts, disrupting synchrony with mechanical
ventilation and impairing its effectiveness. Conversely,
excessive sedation can suppress spontaneous breathing,
potentially affecting hemodynamic stability. Future studies
should seek to incorporate assessments of fluid balance
and sedation depth to better understand their roles in
optimizing mechanical ventilation strategies.

Additionally, this study did not specifically compare
the effects of different positions on thoracic compliance,
nor did it report complications associated with prone
positioning, such as pressure ulcers, facial edema, or nerve
injuries. These complications can significantly influence
patient outcomes during prolonged prone positioning.
Future research should investigate the effects of these
factors on ARDS patients. Future studies should also
seek to increase the sample sizes and extend the follow-
up periods. A comprehensive evaluation of the safety and
efficacy of prone and lateral-prone positions is essential.
Assessing the incidence of prone-related complications
could provide valuable insights into refining lung-
protective ventilation strategies, facilitating their better
application in clinical practice, reducing the occurrence of
VILI, and ultimately improving ARDS patients’ survival
rates and quality of life.

Conclusions

Compared to prone ventilation, lateral-prone ventilation
significantly reduced MP in ARDS patients. The early
adoption of lateral-prone ventilation may have the potential
to be popularized in clinical application and is worthy of
further verification and optimization.
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