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Abstract
Objective This study aimed to assess the impact of a lung-protective ventilation strategy utilizing transpulmonary driving 
pressure titrated positive end-expiratory pressure (PEEP) on the prognosis [mechanical ventilation duration, hospital stay, 
28-day mortality rate and incidence of ventilator-associated pneumonia (VAP), survival outcome] of patients with Acute 
Respiratory Distress Syndrome (ARDS).
Methods A total of 105 ARDS patients were randomly assigned to either the control group (n = 51) or the study group 
(n = 53). The control group received PEEP titration based on tidal volume [A tidal volume of 6 mL/kg, flow rate of 30–60 L/
min, frequency of 16–20 breaths/min, constant flow rate, inspiratory-to-expiratory ratio of 1:1 to 1:1.5, and a plateau pres-
sure ≤ 30–35 cmH2O. PEEP was adjusted to maintain oxygen saturation (SaO2) at or above 90%, taking into account blood 
pressure], while the study group received PEEP titration based on transpulmonary driving pressure (Esophageal pressure was 
measured as a surrogate for pleural pressure using an esophageal pressure measurement catheter connected to the ventilator. 
Tidal volume and PEEP were adjusted based on the observed end-inspiratory and end-expiratory transpulmonary pressures, 
aiming to maintain a transpulmonary driving pressure below 15 cmH2O during mechanical ventilation. Adjustments were 
made 2–4  times per day). Statistical  analysis  and comparison were  conducted on  lung  function  indicators  [oxygenation 
index (OI), arterial oxygen tension (PaO2), arterial carbon dioxide tension (PaCO2)] as well as other measures such as heart 
rate, mean arterial pressure, and central venous pressure in two groups of patients after 48 h of mechanical ventilation. The 
28-day mortality rate, duration of mechanical ventilation, length of hospital stay, and ventilator-associated pneumonia (VAP) 
incidence were compared between the two groups. A 60-day follow-up was performed to record the survival status of the 
patients.
Results In the control group, the mean age was (55.55 ± 10.51) years, with 33 females and 18 males. The pre-ICU hos-
pital stay was (32.56 ± 9.89) hours. The mean Acute Physiology and Chronic Health Evaluation (APACHE) II score was 
(19.08 ± 4.67), and the mean Murray Acute Lung Injury score was (4.31 ± 0.94). In the study group, the mean age was 
(57.33 ± 12.21) years, with 29 females and 25 males. The pre-ICU hospital stay was (33.42 ± 10.75) hours. The mean 
APACHE II score was (20.23 ± 5.00), and the mean Murray Acute Lung Injury score was (4.45 ± 0.88). They presented a 
homogeneous profile (all P > 0.05). Following intervention, significant improvements were observed in PaO2 and OI com-
pared to pre-intervention values. The study group exhibited significantly higher PaO2 and OI compared to the control group, 
with statistically significant differences (all P < 0.05). After  intervention,  the study group exhibited a significant  increase 
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1 Introduction

Acute Respiratory Distress Syndrome (ARDS) is a life-
threatening condition characterized by severe hypoxemia 
and  decreased  lung  compliance,  posing  a  significant  risk 
to patients’ lives [1, 2]. ARDS is associated with endothe-
lial injury of the pulmonary capillaries and diffuse alveolar 
damage, often accompanied by varying degrees of pulmo-
nary arterial vasoconstriction and the potential development 
of pulmonary hypertension [3]. Despite its high mortality 
rate, effective therapeutic strategies for alleviating this dev-
astating disease remain limited [4].

Mechanical ventilation is the mainstay treatment for 
patients with acute respiratory distress syndrome, with 
Lung Protective Ventilation (LPV) serving as a fundamental 
approach in ARDS management [5]. The core principles of 
LPV for ARDS involve the use of low tidal volume (VT), 
application of relatively high positive end-expiratory pres-
sure (PEEP), and restriction of plateau pressure to mitigate 
the occurrence of ventilator-induced lung injury (VILI) and 
improve survival outcomes [6, 7]. Moreover, PEEP plays a 
crucial role in alveolar recruitment, preventing the collapse 
of recruitable alveoli, thereby improving oxygenation and 
minimizing lung injury [8–10]. The European Society of 
Intensive Care Medicine (ESICM) guidelines on the treat-
ment of acute respiratory distress syndrome (ARDS) [11] 
provide  multiple  recommendations  regarding  definitions, 
phenotype analysis, and respiratory support strategies. 
These recommendations cover various aspects, including 
high-flow nasal oxygen  (HFNO), non-invasive ventilation 
(NIV), tidal volume settings, positive end-expiratory pres-
sure (PEEP) and lung recruitment maneuvers (RM), prone 
positioning, neuromuscular blockade, and extracorporeal 
life support (ECLS). The aim of these guidelines is to update 
the ESICM’s 2017 Clinical Practice Guidelines (CPG) and 
has been developed in collaboration with an international 

panel of clinical experts, methodologists, and patient repre-
sentatives representing ESICM.

Nevertheless, the optimal weighting of lung protective 
parameters in predicting ARDS prognosis remains inad-
equately understood [12]. While low tidal volume and high 
PEEP serve as the cornerstones of LPV, it is worth noting 
that tidal volumes below 6 ml/kg may lead to partial atel-
ectasis, and a cyclic pattern of alveolar opening and clos-
ing occurs at the interface between normally ventilated and 
atelectatic lung regions, as well as between atelectatic and 
consolidated regions [13]. Therefore, the exploration of 
effective treatment methods for ARDS is still ongoing.

Furthermore, when increasing PEEP fails to recruit func-
tional lung units and improve lung compliance, it results in 
excessive lung distension and energy transfer to the lung 
parenchyma, thereby increasing the risk of lung injury, 
dead space formation, pneumothorax, and adverse hemo-
dynamic consequences [14, 15]. Only low tidal volume 
combined with a decrease in transpulmonary driving pres-
sure  and  an  increase  in  PEEP  can  effectively  confer  lung 
protection, while an elevation in plateau pressure associated 
with an increase in transpulmonary driving pressure leads 
to lung injury [16]. Consequently, transpulmonary driving 
pressure-guided lung-protective ventilation has emerged as 
a promising approach in the management of ARDS.

Therefore, the integration of the ESICM guidelines on 
ARDS treatment provides crucial guidance for clinical prac-
tice, our aim is to investigate the impact of a tailored lung-
protective ventilation strategy based on transpulmonary 
driving pressure on patient outcomes in ARDS. We hypoth-
esize that optimizing tidal volume and PEEP according to 
transpulmonary driving pressure measurements will result 
in improved survival rates in ARDS patients.

in PaCO2 (43.69 ± 6.71 mmHg) compared to pre-intervention levels (34.19 ± 5.39 mmHg). The study group’s PaCO2 was 
higher than the control group (42.15 ± 7.25 mmHg), but  the difference was not  statistically  significant  (P > 0.05). There 
were no  significant differences  in hemodynamic  indicators between  the  two groups post-intervention  (all P > 0.05). The 
study group demonstrated significantly shorter mechanical ventilation duration and hospital stay, while 28-day mortality 
rate  and  incidence  of  ventilator-associated  pneumonia  (VAP)  showed  no  significant  differences. Kaplan-Meier  survival 
analysis revealed a significantly better survival outcome in the study group at the 60-day follow-up (HR = 0.565, 95% CI: 
0.320–0.999).
Conclusion Lung-protective  mechanical  ventilation  using  transpulmonary  driving  pressure  titrated  PEEP  effectively 
improves lung function, reduces mechanical ventilation duration and hospital stay, and enhances survival outcomes in 
patients with ARDS. However, further study is needed to facilitate the wider adoption of this approach.

Keywords Acute respiratory distress syndrome · Lung-protective ventilation · Mechanical ventilation · Transpulmonary 
driving pressure
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2 Materials and methods

2.1 Study population

This prospective study was conducted at our hospital’s 
intensive care unit (ICU) from January 2020 to December 
2023. The study included patients diagnosed with moderate 
to severe acute respiratory distress syndrome (ARDS) who 
required mechanical ventilation with lung-protective strate-
gies. Random assignment of patients into either the control 
group or the study group was performed using a random 
number table. The control group received positive end-
expiratory pressure (PEEP) titration based on tidal volume, 
while the study group underwent PEEP titration based on 
transpulmonary driving pressure. The study design adhered 
to the ethical principles outlined in the Helsinki Declaration 
for clinical research and received approval from the ethics 
committee of our hospital.

2.2 Inclusion and exclusion criteria

Inclusion criteria:

 ● Age between 18 and 80 years, and both genders.
 ● Diagnosis of ARDS based on the 2012 Berlin definition.
 ● Initiation of invasive mechanical ventilation within 48 h 

of inclusion, and an anticipated need for mechanical 
ventilation for more than 72 h.

Exclusion criteria:

 ● Pre-ICU mechanical ventilation duration exceeding 
48 h.

 ● Arterial blood gas analysis showing a PaO2/FiO2 ratio 
greater than 150 mmHg before enrollment.

 ● Duration of ARDS exceeding 72 h.
 ● Presence of conditions such as pneumothorax, medias-
tinal emphysema, large pleural effusion, diaphragmatic 
hernia, chest wall deformities, or significant lung bullae.

 ● Patients with severe respiratory central depression, neu-
romuscular conduction block diseases, or severe central 
nervous system lesions.

2.3 Intervention methods

Both groups received invasive mechanical ventilation, lung 
recruitment maneuvers, and sedation to control spontaneous 
breathing and prevent its impact on measured parameters. 
Muscle relaxants were administered when necessary.

The control group underwent PEEP titration based on tidal 
volume. A volume-controlled mode was used, with a tidal 

volume of 6 mL/kg, flow rate of 30–60 L/min, frequency of 
16–20 breaths/min, constant flow rate, inspiratory-to-expi-
ratory ratio of 1:1 to 1:1.5, and a plateau pressure ≤ 30–35 
cmH2O. PEEP was adjusted to maintain oxygen saturation 
(SaO2) at or above 90%, taking into account blood pressure.
 
Selection of PEEP [11]:

1.  Initial  setting:  The  initial  PEEP  is  typically  set  at  a 
lower  level,  such  as  3–5  cmH2O,  and  subsequently 
adjusted gradually based on the patient’s response and 
physiological indicators.

2.  Goals and adjustments: The goal is to maintain alveo-
lar recruitment at end-expiration, reducing the risk of 
alveolar collapse and atelectasis. Adjustments to PEEP 
should be based on parameters such as PaO2, SaO2, 
lung compliance, and chest wall compliance.

3.  Monitoring  and  feedback:  Close  monitoring  of  gas 
exchange, respiratory mechanics, hemodynamics, oxy-
genation, and ventilation status is necessary during 
PEEP adjustments. This feedback information assists 
physicians in determining the optimal PEEP level.

Selection of tidal volume [11]:

1.  Protective  lung ventilation principles:  Implementing a 
protective lung ventilation strategy is crucial for ARDS 
patients, aiming to use lower tidal volumes to avoid 
alveolar overdistension and barotrauma.

2.  Individualized settings: Tidal volume selection should 
be based on factors such as patient weight, lung compli-
ance, and chest wall compliance. Generally, tidal vol-
ume is set at 6–8 ml/kg of predicted body weight.

3.  Monitoring  and  adjustments:  Close  monitoring  of 
respiratory mechanics and gas exchange changes is 
necessary during mechanical ventilation. Setting tidal 
volume too low may result in inadequate ventilation and 
acidosis, while setting it too high may increase the risk 
of barotrauma. Therefore, timely adjustments to tidal 
volume should be made based on the patient’s response 
and physiological indicators.

The study group underwent PEEP titration based on trans-
pulmonary driving pressure. Esophageal pressure was 
measured as a surrogate for pleural pressure using an 
esophageal pressure measurement catheter connected to 
the ventilator. Inspiratory and expiratory esophageal pres-
sures were continuously monitored. The ventilator provided 
measurements of tidal volume, flow rate, and airway peak 
pressure. Inspiratory transpulmonary pressure was cal-
culated  as  the  difference  between  inspiratory  airway  pla-
teau pressure and inspiratory esophageal pressure, while 
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2.4.4 Prognostic measures

Prognostic measures included 28-day mortality, dura-
tion of mechanical ventilation, length of hospital stay, and 
incidence of ventilator-associated pneumonia (VAP). All 
patients were followed up for 60 days after discharge to 
record their survival status.

2.5 Statistical methods

Data analysis was performed using IBM SPSS Statistics 
version 22.0 (IBM Corp., Armonk, NY, USA). Continu-
ous variables were presented as mean ± standard deviation 
(SD) or as median (interquartile range) depending on their 
distribution. Categorical variables were reported as frequen-
cies and percentages. Baseline characteristics and demo-
graphic data were compared between the control group 
and the study group using independent t-tests for continu-
ous variables and chi-square tests for categorical variables. 
Independent t-tests were also employed to compare the pri-
mary outcomes, including pulmonary function parameters 
and hemodynamic parameters, between the two groups. 
The secondary outcomes, such as 28-day mortality, dura-
tion of mechanical ventilation, length of hospital stay, and 
incidence of ventilator-associated pneumonia (VAP), were 
compared using chi-square tests or Fisher’s exact tests, as 
appropriate. Survival analysis was conducted using the 
Kaplan-Meier method, and the log-rank test was utilized to 
compare the survival curves between the control group and 
the study group. Cox regression analysis was performed to 
identify independent predictors of mortality. Statistical sig-
nificance was  set  at  a  p-value  less  than  0.05.  In  handling 
missing data, this study takes into account the proportion of 
missing data and the characteristics of the data. Consider-
ing this factor during sample size calculation, the study can 
employ the method of complete case analysis, also known 
as simple deletion method.

3 Results

3.1 Sample size

Based on the preliminary clinical findings, this study con-
siders the effect size (Δ) of the new intervention compared 
to the existing treatment to be 10%. Assuming a probability 
(P0) of adverse events occurring in patients under the exist-
ing treatment is 25%, which can be estimated from histori-
cal data. The significance level (α) is set at 0.05 (i.e., a 5% 
probability). A desired level of statistical power (1-β) is set 
at 80% or above to ensure the reliability of the study results.

expiratory transpulmonary pressure was calculated as the 
difference between expiratory airway plateau pressure and 
expiratory esophageal pressure. Transpulmonary driving 
pressure was determined by subtracting the end-expiratory 
transpulmonary pressure from the end-inspiratory transpul-
monary pressure. Tidal volume and PEEP were adjusted 
based on the observed end-inspiratory and end-expiratory 
transpulmonary pressures, aiming to maintain a transpul-
monary driving pressure below 15 cmH2O during mechani-
cal ventilation. Adjustments were made 2–4 times per day. 
Transpulmonary driving pressure serves as a more precise 
indicator of the pressure gradient experienced by the alveoli 
between the end-inspiration and end-expiration phases dur-
ing the attainment of target tidal volume. The selection of 
end-inspiratory transpulmonary pressure as the foundation 
for calculating transpulmonary driving pressure is primarily 
grounded in its capacity to reflect the lung’s expansion status 
throughout the inspiratory phase. As inspired gas infiltrates 
the lung, a gradual expansion takes place, accompanied by 
a progressive rise in alveolar pressure. Consequently, end-
inspiratory transpulmonary pressure effectively captures the 
pressure milieu when the lung attains its maximum degree 
of expansion [11].

2.4 Outcome measures

2.4.1 Baseline characteristics

Baseline characteristics included gender, age, body mass 
index, pre-ICU hospital stay, etiology of ARDS, Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
score, and Murray Acute Lung Injury score. These param-
eters were collected at the beginning of the study.

2.4.2 Pulmonary function parameters

Pulmonary function parameters, including the oxygenation 
index (OI), arterial oxygen tension (PaO2), arterial carbon 
dioxide tension (PaCO2), pulmonary shunt fraction (Qs/
Qt), and dead space in the respiratory tract (Vd/Vt) were 
measured 48 h after initiation of mechanical ventilation. 
The OI, calculated as the ratio of PaO2 to FiO2, normally 
ranges from 400 to 500 mmHg. An OI below 300 mmHg 
indicates lung dysfunction. PaO2 and PaCO2 represent the 
levels of oxygen and carbon dioxide dissolved in the blood, 
respectively.

2.4.3 Hemodynamic parameters

Heart rate, mean arterial pressure, and central venous pres-
sure were measured 48 h after initiation of mechanical 
ventilation.
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while 21 had non-pulmonary causes. The mean APACHE 
II score was (19.08 ± 4.67), and the mean Murray Acute 
Lung Injury score was (4.31 ± 0.94). In the study group, the 
mean age was (57.33 ± 12.21) years, with 29 females and 25 
males. The average BMI was (21.84 ± 2.83) kg/m2, and the 
pre-ICU hospital stay was (33.42 ± 10.75) hours. Among 
the patients in the study group, 38 had pulmonary-related 
causes of ARDS, while 16 had non-pulmonary causes. The 
mean APACHE II score was (20.23 ± 5.00), and the mean 
Murray Acute Lung Injury score was (4.45 ± 0.88). They 
presented a homogeneous profile (all P > 0.05).

3.3 Comparison of pulmonary function parameters

The PEEP and Vd/Vt of the two groups were significantly 
lower than those of the control group, and the difference was 
statistically significant (all P < 0.05). (Table 2)

Comparison of pulmonary function parameters before 
and 48 h after intervention in the two patient groups revealed 
no significant differences  in PaO2, PaCO2, and OI before 
intervention (all P > 0.05). However, after intervention, both 
groups showed a significant increase in PaO2, PaCO2, and 
OI compared to before intervention, with the study group 
demonstrating  significantly  higher  PaO2  and  OI  than  the 
control group, with  statistically  significant differences  (all 
P < 0.05). (Table 3)

3.4 Hemodynamic parameters

Comparison of hemodynamic parameters after 48 h of 
intervention in the two patient groups showed that the 
mean arterial pressure (MAP) in the control group was 
(82.36 ± 14.02) mmHg, central venous pressure (CVP) was 
(10.36 ± 1.68) mmHg, and heart rate was (102.03 ± 18.29) 
beats/min. In the study group, the MAP was (80.14 ± 12.39) 
mmHg, CVP was (11.21 ± 1.93) mmHg, and heart rate 
was (97.26 ± 20.36)  beats/min.  There  were  no  significant 

Based on these parameters, the required sam-
ple  size  can  be  calculated  using  the  formula: 
n=[(Zα/2 + Zβ)²×2×P0 × (1-P0)]/(Δ²),  where  n  represents 
the required sample size. This formula takes into account 
the expected effect size difference, event occurrence prob-
ability, significance level, and statistical power, providing a 
reasonably accurate estimation of the required sample size.

However, in practical implementation, it may be neces-
sary to make appropriate adjustments to the sample size. 
For example, considering potential loss to follow-up, data 
incompleteness, or non-compliance with analysis criteria, it 
may be necessary to increase the sample size. Additionally, 
to balance the sample sizes between the experimental and 
control groups, slight adjustments to the calculated sam-
ple size can be made. Obtaining a sample size of 100–120 
patients would be appropriate.

3.2 Baseline characteristics

The general characteristics of the two patient groups were 
collected and compared, as shown in Table 1. In the con-
trol group, the mean age was (55.55 ± 10.51) years, with 
33 females and 18 males. The average body mass index 
(BMI) was (22.50 ± 2.88) kg/m2, and the pre-ICU hospi-
tal stay was (32.56 ± 9.89) hours. Among the patients in the 
control group, 30 had pulmonary-related causes of ARDS, 

Table 1 Baseline characteristics
Control group Study group t/χ² P

n 51 54
Age, years old 55.55 ± 10.51 57.33 ± 12.21 0.80 0.426
Gender, n (%) 1.31 0.252
Female 33 (64.71) 29 (53.70)
Male 18 (35.29) 25 (46.30)
BMI, kg/m2 22.50 ± 2.88 21.84 ± 2.83 1.20 0.234
Hospital stay before 
ICU admission, 
hours

32.56 ± 9.89 33.42 ± 10.75 0.42 0.672

Cause of ARDS, 
n(%)

1.532 0.216

Pulmonary factor 30 (58.82) 38 (70.37)
Extra-pulmo-
nary factor

21 (41.18) 16 (29.63)

APACHE II score 19.08 ± 4.67 20.23 ± 5.00 1.22 0.226
Murray lung injury 
score

4.31 ± 0.94 4.45 ± 0.88 0.77 0.441

Table 2 Comparison of PEEP and Vd/Vt
n PEEP (cmH2O) Vd/Vt (%)

Control group 51 6.17 ± 1.58 37.26 ± 11.26
Study group 54 8.36 ± 1.72 32.17 ± 9.87
t 6.783 2.467
P < 0.001 0.015

Table 3 Comparison of pulmonary function parameters
n PaO2 PaCO2 OI Qs/Qt

Before 
intervention

After 
intervention

Before 
intervention

After 
intervention

Before 
intervention

After 
intervention

Before 
intervention

After 
intervention

Control group 51 60.26 ± 12.01 70.61 ± 10.81 35.61 ± 6.32 42.15 ± 7.25 186.36 ± 17.22 240.26 ± 20.39 20.02 ± 2.55 15.26 ± 2.82
Study group 54 62.31 ± 14.52 77.05 ± 9.26 34.19 ± 5.39 43.69 ± 6.71 184.59 ± 15.91 261.36 ± 22.49 19.21 ± 2.47 11.91 ± 2.15
t 0.786 3.284 1.241 1.130 0.547 5.027 1.653 6.869
P 0.434 0.001 0.217 0.261 0.585 < 0.001 0.101 < 0.001
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4 Discussion

The findings of this study demonstrate that a lung-protective 
ventilation strategy guided by transpulmonary driving pres-
sure significantly improves respiratory function, reduces the 
duration of mechanical ventilation, and shortens hospital 
stay for ARDS patients. The selected time point for mea-
surement in this study is 48 h after the initiation of mechani-
cal ventilation, as this period is characterized by significant 
changes in pulmonary function parameters:

1.  Improved  oxygenation:  Positive  pressure  mechanical 
ventilation assists in regulating the fraction of inspired 
oxygen and positive end-expiratory pressure, which 
helps reduce pulmonary edema, increase lung volumes, 
and thereby enhance oxygenation. This can lead to an 
increase in PaO2 and a potential decrease in PaCO2, 
reflecting improved gas exchange efficiency [17].

2.  Reduced  oxygen  consumption  and  respiratory  work: 
Mechanical ventilation can improve alveolar ven-
tilation, increase functional residual capacity, and 
consequently decrease oxygen consumption and respi-
ratory workload. This helps alleviate respiratory muscle 
fatigue, reduce respiratory rate and depth, and enable 
more stable and effective breathing.

3.  Cardiac  function  impact: Mechanical  ventilation may 
lead to a reduction in venous return, subsequently 
decreasing cardiac output. This effect can be more pro-
nounced in patients with congestive heart failure, as 
mechanical ventilation can alleviate the cardiac burden 
by reducing pulmonary circulation and right ventricular 
afterload.

4.  Risks of lung injury and barotrauma: Mechanical venti-
lation also carries inherent risks, such as the potential for 
lung injury and barotrauma. These injuries can impact 
pulmonary function parameters, such as decreased lung 
compliance and impaired oxygenation capacity [18].

Although  there  was  no  significant  improvement  in  the 
28-day mortality rate, there was a notable enhancement 
in survival at 60 days. Transpulmonary driving pressure 
represents the ratio between tidal volume and respiratory 
system compliance, which is closely related to ventilated 
lung volume [19]. It has been shown that transpulmonary 
driving pressure is a more informative predictor of clini-
cal outcomes associated with lung-protective mechanical 
ventilation than tidal volume alone. Large-scale registry 
studies involving non-cardiac thoracic surgical patients 
under general anesthesia and mechanical ventilation have 
demonstrated a continuous and dose-dependent relation-
ship between transpulmonary driving pressure and major 

differences  in  hemodynamic  parameters  between  the  two 
groups after intervention (all P > 0.05). (Table 4)

3.5 Prognostic analysis

Comparison of 28-day mortality, duration of mechanical 
ventilation, length of hospital stay, and incidence of VAP 
between the two patient groups revealed that in the control 
group, 23 patients died within 28 days, with a total of 16 
cases of VAP. The duration of mechanical ventilation was 
(15.36 ± 3.39) days, and the length of hospital stay was 
(29.26 ± 5.92) days. In the study group, 15 patients died 
within 28 days, with a total of 14 cases of VAP. The duration 
of mechanical ventilation was (11.23 ± 3.17) days, and the 
length of hospital stay was (24.73 ± 4.85) days. The study 
group showed a significantly shorter duration of mechanical 
ventilation and hospital stay compared to the control group, 
but there were no significant differences in 28-day mortality 
and VAP incidence. (Table 5)

To further analyze the differences in prognosis between 
the two intervention methods, all patients were followed up 
after discharge, with a follow-up period of 60 days from 
enrollment, and their survival status was recorded. Kaplan-
Meier curve analysis showed that the study group had a 
significantly better survival outcome than the control group 
(HR = 0.565, 95% CI: 0.320–0.999). The results are shown 
in Fig. 1.

Among the 20 patients who died in the study group, 6 
died of respiratory failure, 10 died of multi-organ failure, 
and 4 died of sepsis. Of the 28 patients who died in the con-
trol group, 9 died of respiratory failure, 11 died of multi-
organ failure, 8 died of sepsis.

Table 4 Hemodynamic parameters
n MAP CVP HR

Control group 51 82.36 ± 14.02 10.36 ± 2.88 102.03 ± 18.29
Study group 54 80.14 ± 12.39 11.21 ± 2.93 97.26 ± 20.36
t 0.861 1.498 1.260
P 0.391 0.137 0.210

Table 5 Prognostic analysis
n 28-day 

mortal-
ity rate

VAP 
incidence

Ventilation 
duration

Hospital 
stay

Control 
group

51 23 16 15.36 ± 3.39 29.26 ± 5.92

Study group 54 15 14 11.23 ± 3.17 24.73 ± 4.85
χ²/t 3.407 0.381 6.451 4.299
P 0.065 0.534 < 0.001 < 0.001
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Clinical studies have demonstrated that using transpul-
monary pressure as a guide to set the optimal PEEP dur-
ing mechanical ventilation for ARDS patients can improve 
respiratory dynamic parameters and enhance treatment 
outcomes [22]. This provides a robust clinical basis for the 
use of transpulmonary driving pressure-titrated PEEP in the 
management of ARDS.

Selecting transpulmonary driving pressure-titrated 
PEEP as the treatment approach for ARDS patients is well-
grounded in physiological principles and supported by 
both clinical practice and research evidence, making it an 
effective  and  safe  therapeutic modality. However,  in  real-
world application, individualized settings and adjustments 
by experienced clinicians or respiratory therapists are still 
necessary, based on the patient’s specific circumstances and 
clinical requirements.

Moreover, a comprehensive meta-analysis encompassing 
multiple randomized controlled trials examining protective 
ventilation strategies during general anesthesia has revealed 
a  distinctive  finding:  transpulmonary  driving  pressure 
emerges as the sole ventilatory parameter significantly cor-
related with a heightened risk of postoperative pulmonary 

postoperative pulmonary complications, including pneumo-
nia, pulmonary edema, reintubation, and ARDS [20].

Mechanical ventilation is the primary intervention for 
patients with ARDS, but its application is limited due to the 
risk of lung injury [17]. Recent literature has highlighted 
the importance of lung-protective strategies in mechani-
cal ventilation research, with a focus on tidal volume and 
PEEP settings. Evidences are continuously emerging in the 
realm of acute respiratory distress syndrome (ARDS) and 
surgical patients, shedding light on the pivotal role played 
by transpulmonary driving pressure in determining the 
associated benefits [18]. Transpulmonary driving pressure-
titrated positive end-expiratory pressure (PEEP) is a more 
precise therapeutic approach. By titrating the PEEP level, 
clinicians can individualize the optimal PEEP setting based 
on  the patient’s specific condition and clinical needs [21]. 
This helps avoid the pitfalls of setting PEEP too low, which 
may result in incomplete alveolar recruitment and persistent 
hypoxia, as well as the potential complications of excessive 
PEEP, such as alveolar overdistension, increased intratho-
racic pressure, impaired venous return, and decreased car-
diac output.

Fig. 1  Kaplan-Meier Curve after Lung-Protective Ventilation
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promptly identify any abnormal responses and implement 
appropriate interventions. Set the appropriate PEEP level 
and adjust it in a timely manner based on the subjects’ reac-
tions [25], which can be achieved by gradually increasing 
PEEP and observing the changes in intrathoracic pressures 
and cardiovascular function.

When studying and applying PEEP, it is crucial to thor-
oughly consider the impact of lung elasticity and compli-
ance on pressure dynamics and take appropriate measures 
to control this factor. This helps to ensure the accuracy 
of experimental results and mitigate potential risks and 
complications.

However, it is worth noting that the measurement of 
transpulmonary driving pressure using esophageal cath-
eters is time-consuming and presents challenges for routine 
application in anesthesia practice.

Limitations however should be acknowledged.

1.  Sample  size  and  study  design:  The  study  had  a  rela-
tively small sample size. A larger sample size would 
provide more robust results and enhance the general-
izability of the findings. Additionally, the study design 
was randomized, but it would be beneficial to consider a 
multicenter, prospective study design to further validate 
the results.

2.  Generalizability:  This  study  was  conducted  in  a  spe-
cific  ICU  setting,  and  the  results may  not  be  directly 
applicable to other clinical settings or patient popula-
tions. The research results did not stratify the analysis 
based on the severity of ARDS. Patients with different 
stages of ARDS severity may have varying needs and 
responses to treatment measures such as PEEP. The lack 
of  stratification  analysis  could mean  that  the  research 
findings may not accurately reflect the actual conditions 
of ARDS  patients  with  different  degrees  of  severity. 
When formulating treatment strategies, it is crucial to 
tailor them to best meet the individual patient’s needs. 
Going forward, future studies should incorporate more 
rigorous stratification analysis of ARDS patients based 
on the severity of their condition.

3.  Outcome  measures:  The  study  primarily  focused 
on short-term outcomes such as PaO2, PaCO2, OI, 
mechanical ventilation time, and length of hospital stay. 
Future studies should consider evaluating long-term 
outcomes, such as quality of life, functional status, and 
mortality rates beyond the 28-day follow-up period, to 
provide a more comprehensive assessment of the inter-
vention’s effects.

Further investigation is needed to elucidate the underly-
ing mechanisms by which transpulmonary driving pres-
sure  titrated  PEEP  exerts  its  lung-protective  effects.  This 

complications [21]. By quantifying the mechanical load 
imposed on the lungs during ventilation, transpulmonary 
driving pressure provides a tangible measure of the stress 
endured by the lung parenchyma, thereby offering valuable 
insights into the pathophysiological mechanisms underly-
ing pulmonary complications. Consequently, it provides a 
more accurate assessment of lung stress and the risk of lung 
injury. In ARDS patients, optimizing PEEP settings based 
on end-expiratory transpulmonary pressure ensures positive 
pressure is maintained at the end of expiration to prevent 
alveolar collapse [21]. By eliminating the influence of extra-
pulmonary factors, transpulmonary driving pressure reflects 
changes in lung pressure more precisely. It represents the 
distending force applied solely to the lungs and serves as a 
reliable indicator of lung injury during protective ventila-
tion [14]. A study conducted by Dianti et al. revealed that 
PEEP titration based on transpulmonary driving pressure 
effectively protects the lungs and diaphragm in the majority 
of patients with acute hypoxemic respiratory failure [22]. 
Likewise, in a recent prospective, randomized, crossover 
physiological study, transpulmonary driving pressure was 
assessed in recovering ARDS patients under different levels 
of  inspiratory  effort,  establishing  a  significant  correlation 
between inspiratory effort and transpulmonary driving pres-
sure [23].

The primary function of PEEP is to improve the patient’s 
residual volume, mitigate lung injury, and reduce the risk 
of pulmonary edema. However, increasing PEEP can also 
lead to adverse effects, such as reduced cardiac output and 
decreased venous return. Therefore, in experimental set-
tings, it is crucial to carefully monitor and record the impact 
of PEEP elevation on intrathoracic pressures and cardiovas-
cular function.

Lung elasticity and compliance are key factors that influ-
ence  the  efficacy of PEEP. Lung  elasticity  determines  the 
degree of resistance to external forces, while compliance 
reflects  the  lung  tissue’s  ability  to  expand and contract  in 
response to pressure changes. When PEEP is increased, if 
lung elasticity and compliance remain unchanged, the rise 
in intrathoracic pressure will be more pronounced. This 
may result in alveolar overdistension, increasing the risk of 
barotrauma and potentially leading to alveolar rupture and 
hemorrhage [24].

To control and account for this factor, researchers can 
implement  the  following  measures:  Prior  to  the  study, 
assess the research subjects’ lung function and compliance 
to ensure they are within the normal range. For patients with 
impaired lung function or reduced compliance, PEEP levels 
should be adjusted with caution to avoid pressure-induced 
lung injury. During the study, use precise monitoring 
equipment to continuously track changes in intrathoracic 
pressures and cardiovascular function [23]. This helps to 
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can involve exploring molecular and cellular pathways, as 
well as conducting animal studies or in vitro experiments. 
In addition, future research should focus on evaluating the 
feasibility and practicality of implementing transpulmo-
nary driving pressure titrated PEEP in different clinical set-
tings. This can involve assessing the training requirements 
for healthcare providers, evaluating cost-effectiveness, and 
considering potential barriers to widespread adoption of the 
intervention.

5 Conclusion

Lung-protective mechanical ventilation guided by PEEP 
titration based on transpulmonary driving pressure yields 
significant  improvements  in  lung  function,  reduces  the 
duration of mechanical ventilation, shortens hospital stay, 
and contributes to enhanced survival outcomes. Neverthe-
less, further efforts are required to promote its widespread 
adoption and implementation.
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