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ABSTRACT 

Adequate ventilation management during the weaning phase of general anesthesia is essential 

for patient safety. The Adjustable Pressure Limiting (APL) valve regulates pressure within the 

anesthesia breathing circuit and may influence spontaneous tidal volume (VT). Inappropriate 

APL settings may contribute to inadequate ventilation, respiratory fatigue, atelectasis, or 

excessive airway pressure. This study aimed to analyze differences in spontaneous VT among 

APL valve settings of 10, 20, and 30 cmH₂O during anesthesia weaning in adult patients 

undergoing general anesthesia with endotracheal intubation. This study used an observational 

analytical design with a repeated-measures approach. Forty adult patients with ASA physical 

status I–II were selected using consecutive sampling. Each participant was observed under three 

APL settings during the weaning phase. Tidal volume was recorded for five consecutive breaths 

at each setting, and the mean value was used for analysis. Data normality was assessed using the 

Shapiro-Wilk test. Because the data were not normally distributed, differences among the three 

APL settings were analyzed using the Friedman test. Mean VT was 247.05 mL at APL 10 cmH₂O, 

decreased to 219.01 mL at 20 cmH₂O, and further decreased to 200.76 mL at 30 cmH₂O. The 

Friedman test demonstrated a statistically significant difference in VT among the three APL 

settings (p < 0.001). Higher APL settings were associated with lower spontaneous VT and 

increased PIP. These findings suggest that APL adjustment during weaning should be 

individualized and accompanied by continuous monitoring of ventilation and airway pressure to 

support safe and adequate spontaneous breathing. 

Keywords: Adjustable Pressure Limiting (APL), tidal volume, anesthesia weaning, general 

anesthesia, endotracheal intubation. 

 

INTRODUCTION 

Adequate airway and ventilation management are key pillars of patient safety 

during general anesthesia (Buehler et al., 2023), as failure to maintain airway patency, 

oxygenation, and ventilation are significant contributors to perioperative morbidity and 

mortality (Avva et al., 2025). In addition, appropriate intraoperative ventilation strategies 

are important because ventilation parameters are associated with pulmonary 

complications following general anesthesia (Bolther et al., 2022). This necessitates 

further understanding of airway management during ventilator weaning to achieve 

adequate tidal volume (VT). 
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Weaning is defined as the transition from positive pressure ventilation to 

spontaneous breathing, and failure in this phase can increase mortality, particularly in 

cases of difficult and prolonged weaning (Na et al., 2022). Therefore, determining the 

appropriate timing and strategy for weaning is a crucial focus in anesthesia and intensive 

care practice. Current clinical guidelines emphasize a structured and evidence-based 

approach to liberation from mechanical ventilation rather than relying solely on 

individual clinical judgment (Wu et al., 2023). 

Weaning readiness assessment is generally performed through a spontaneous 

breathing trial (SBT), which can be performed using various methods such as a T-piece, 

pressure support ventilation (PSV), continuous positive airway pressure (CPAP), and 

automatic tube compensation (ATC) (Akella et al., 2022; Roberts et al., 2024). Various 

studies and meta-analyses have shown that variations in SBT techniques affect weaning 

success, reintubation rates, and the duration of mechanical ventilation (Mezidi et al., 

2024). Recent systematic reviews and meta-analyses have demonstrated that different 

SBT techniques may influence SBT and extubation outcomes, although the optimal 

technique may vary according to patient characteristics and clinical context (Burns et al., 

2024). A network meta-analysis has also demonstrated differences among available 

weaning strategies, emphasizing that the method used during the transition to spontaneous 

breathing may affect clinical outcomes (Yi et al., 2021). However, most research focuses 

on ventilator mode settings, while mechanical component settings such as the Adjustable 

Pressure Limiting (APL) valve have been relatively under-evaluated, particularly during 

the weaning phase.  

Conversely, the technical aspects of the anesthesia machine, particularly the 

Adjustable Pressure Limiting (APL) valve, have rarely received attention in the context 

of spontaneous breathing and weaning. The APL valve regulates the maximum pressure 

in the anesthesia circuit, thus influencing the tidal volume generated during manual or 

spontaneous ventilation (Spinney & Sprigge, 2021). Positive pressure regulation via the 

APL has been shown to improve oxygenation and tidal volume in spontaneously 

breathing patients (Arslan & Yavuz, 2020). A sharp increase in airway pressure and a 

large change in inspiratory tidal volume beyond the set pressure are common. This has 

the potential to impair ventilation and increase the risk of barotrauma or volutrauma 

(Jiang et al., 2024). 

In anesthesia practice, during weaning at the end of general anesthesia with 

endotracheal intubation, patients are often allowed to breathe spontaneously through an 

anesthesia machine with the APL partially closed (to provide mild CPAP) before 

extubation (Mezidi et al., 2024). During this phase, stabilizing spontaneous tidal volume 

is crucial to ensure adequate ventilation and prevent respiratory fatigue (Rittayamai et al., 

2021). Inappropriate APL valve settings during anesthesia weaning may adversely affect 

spontaneous ventilation. Because APL settings influence the pressure characteristics of 

the breathing circuit, inappropriate adjustm ent may result in inadequate or excessive 

airway pressure and consequently affect spontaneous ventilation and atelectasis (Spinney 
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& Sprigge, 2021; Zeng et al., 2023). Therefore, appropriate APL adjustment is essential 

to maintain adequate spontaneous ventilation and ensure safe anesthesia weaning. 

The novelty of the present study lies in directly comparing three APL valve settings 

(10, 20, and 30 cmH₂O) within the same patients during anesthesia weaning under general 

anesthesia with endotracheal intubation. Unlike previous studies that have primarily 

evaluated APL valve performance in experimental or technical settings, this study 

provides clinical evidence of the relationship between APL settings and spontaneous tidal 

volume during the transition to spontaneous breathing (Spinney & Sprigge, 2021; Buehler 

et al., 2023). In this phase, the accuracy of APL settings has the potential to influence 

ventilation adequacy, hemodynamic stability, the risk of lung injury, and the successful 

transition from controlled ventilation to spontaneous breathing. Therefore, this study 

aimed to determine the effect of APL valve settings of 10, 20, and 30 cmH₂O on 

spontaneous tidal volume during the weaning process in patients undergoing general 

anesthesia with endotracheal intubation. 

The findings may assist anesthesia practitioners in selecting and titrating APL 

settings according to the patient's spontaneous tidal volume and airway pressure response. 

This approach may support safer and more measurable weaning practice by allowing 

continuous assessment of ventilation adequacy during the transition to spontaneous 

breathing. 

 

RESEARCH METHOD 

This study employed an observational analytical design with a repeated-measures 

approach. The study evaluated spontaneous tidal volume at three APL valve settings, 

namely 10, 20, and 30 cmH₂O, during the anesthesia weaning phase in patients 

undergoing general anesthesia with endotracheal intubation. 

A repeated-measures approach was used because the three APL settings were 

observed in the same participants, allowing each participant to serve as his or her own 

reference. Spontaneous tidal volume was recorded at each APL setting after the 

predetermined stable condition had been achieved. 

The application and adjustment of the APL valve during the anesthesia weaning 

process followed the clinical management of the anesthesiologist. The researcher did not 

determine the clinical indication for APL adjustment or assign participants to different 

treatment groups. The researcher only observed and recorded the ventilation parameters 

displayed on the anesthesia machine according to the study protocol.  

This observational study was conducted in the operating room of Dr. Mohamad 

Soewandi Regional General Hospital, Surabaya, in a surgical installation using an 

anesthesia machine with tidal volume recording and measured APL settings. The study 

was conducted from June 8 to June 19, 2026, after obtained ethical approval from Health 

Research Ethics Commite of Dr. Mohamad Soewandi Regional General Hospital, 

Surabaya, with ethical clearance number: 028/KE/KEPK/2026. 

Target population was adult patients undergoing general anesthesia with 

endotracheal tube intubation and requiring manual or assisted ventilation during the 
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anesthetic procedure in the operating room of Dr. Mohamad Soewandi Hospital, 

Surabaya. The study sample consisted of 40 adult patients who met the inclusion and 

exclusion criteria and underwent general anesthesia with endotracheal intubation. Patients 

aged 18–65 years with ASA physical status I–II, requiring manual or assisted ventilation 

during weaning, and providing informed consent were included. Patients with significant 

respiratory disease, chest-wall or spinal deformities, hemodynamic instability, severe 

systemic disorders, or intraoperative complications affecting ventilation were excluded. 

Participants were recruited consecutively until 40 eligible patients were obtained. The 

sample size of 40 was predetermined for this repeated-measures observational study, in 

which each patient was assessed at APL settings of 10, 20, and 30 cmH₂O. 

 

Data Collection Process 

After successful induction of anesthesia and endotracheal intubation, the patient 

will be connected to the anesthesia machine. Initial ventilation will be set according to 

the hospital’s standard clinical practice. Once the patient’s condition is stable and the 

anesthesiologist decides to perform manual or assisted ventilation, measurements will be 

initiated. During weaning from the ventilator, a spontaneous breathing trial (SBT) will be 

performed upon the onset of spontaneous breathing. Tidal volume (VT) will be measured 

at each adjustable pressure-limiting (APL) valve setting. Manual or assisted ventilation 

will be performed consistently by a single trained operator to minimize inter-operator 

variability. After 3–5 breaths for stabilization, the tidal volume (mL) displayed on the 

anesthesia machine monitor will be recorded for five consecutive breaths, and the mean 

tidal volume of these five breaths will be used for analysis. Other relevant parameters, 

such as peak airway pressure (PIP), will also be recorded. All data will be recorded in 

real time on the data collection form. 

 

Analysis Methods 

Numerical data were analyzed using repeated-measures ANOVA or the Friedman test for 

non-normally distributed data to compare tidal volume (VT) across the three APL 

settings. Post-hoc tests with correction for multiple comparisons were performed to 

identify pairs of APL settings that differed significantly. Descriptive data were presented 

for each APL setting. 

 

RESULTS AND DISCUSSION 

Results 

The results of this study are presented through descriptive analysis, normality 

testing, the Friedman test, and post-hoc analysis to evaluate differences in spontaneous 

tidal volume across APL valve settings of 10, 20, and 30 cmH₂O. The findings are 

presented in Tables 1-4 and subsequently discussed in relation to the study objectives and 

relevant literature. 
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Descriptive Analysis of Tidal Volume Based on APL Settings 

Based on the data collected, 40 respondents met the inclusion criteria. The 

descriptive analysis reveals the variation in tidal volume across the different APL valve 

settings administered to the patients, as presented in Table 1. 

 

Table 1. Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

APL 10 cmH2O 40 205.4 284.2 247.050 24.9588 

APL 20 cmH2O 40 174.8 260.8 219.005 26.2563 

APL 30 cmH2O 40 160.8 242.8 200.755 25.5219 

Responden 40 1 40 20.50 11.690 

Valid N (listwise) 40     

   

As shown in Table 1, the highest average tidal volume was achieved at the APL 

setting of 10 cmH₂O with a value of 247.05 mL. At the APL setting of 20 cmH₂O, the 

average tidal volume decreased to 219.01 mL. Furthermore, at the APL setting of 30 

cmH₂O, the average tidal volume decreased again to 200.76 mL. The data indicates a 

tendency for tidal volume to decrease as the APL valve pressure increases. 

 

Test of Normality 

The results of the normality test for tidal volume at the three APL valve settings are 

presented in Table 2. 

 

Table 2. Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

APL 10 cmH2O .120 40 .150 .924 40 .010 

APL 20 cmH2O .125 40 .120 .942 40 .041 

APL 30 cmH2O .115 40 .200* .934 40 .022 

 

As shown in Table 2, the significance values for all groups were less than 0.05; 

therefore, the data were not normally distributed. Consequently, the analysis proceeded 

using the Friedman test. 

 

Friedman Test 

The results of the Friedman test comparing tidal volume across the three APL valve 

settings are presented in Table 3. 

 

Table 3. Test Statistics 

N 40 

Chi-Square 80.000 

df 2 

Asymp. Sig. <.001 
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As shown in Table 3, the Friedman test results showed Asymp. Sig. < 0.001 (p < 

0.05), demonstrating a significant difference in tidal volume among the three APL valve 

settings in patients undergoing general anesthesia with manual ventilation. 

 

Test Post Hoc Wilcoxon 

Pairwise comparisons among the three APL valve settings using the Wilcoxon test 

are presented in Table 4. 

 

Table 4. Test Statistics 

 Z Asymp. Sig. (2-tailed) 

APL 20 cmH2O –  

APL 10 cmH2O 
-5.511b .001 

APL 30 cmH2O –  

APL 20 cmH2O 
-5.511b .001 

APL 10 cmH2O –  

APL 30 cmH2O 
-5.511c .001 

 

As shown in Table 4, the Wilcoxon test results for all pairs of APL settings indicate 

a significant difference (Asymp. Sig. < 0.05). The mean tidal volume decreased from 

247.05 mL at an APL setting of 10 cmH₂O to 219.01 mL at 20 cmH₂O, representing a 

reduction of 28.04 mL (11.35%). It further decreased to 200.76 mL at 30 cmH₂O, 

corresponding to a reduction of 18.25 mL (8.33%) from the 20 cmH₂O setting and 46.29 

mL (18.74%) compared with the 10 cmH₂O setting. These findings indicate a progressive 

decrease in tidal volume as APL pressure increased. 

 

Research Limitations 

The study was conducted at only one hospital, so the generalizability of the results 

is limited. Measurements were conducted on patients with ASA status I–II, so they may 

not reflect patients with severe comorbidities. Clinical variation during the weaning 

phase, so there is potential for clinical variation between patients. Individual factors such 

as lung compliance and spontaneous breathing strength could not be fully controlled. The 

study only measured tidal volume without assessing its effect on other parameters such 

as EtCO2. The sample size was limited, so further research with a larger sample size is 

needed. 

 

Discussion 

The results showed a significant effect of each APL valve setting on spontaneous 

tidal volume during general anesthesia weaning. The highest average tidal volume was 

247.05 mL at an APL setting of 10 cmH₂O, then decreased to 219.01 mL at an APL 

setting of 20 cmH₂O, and then to 200.76 mL at an APL setting of 30 cmH₂O. The 

Friedman test showed a p-value of <0.001, indicating a significant difference between the 

APL setting groups. 
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In adult patients undergoing spontaneous weaning using an anesthesia machine, 

higher APL settings (20–30 cmH₂O) tended to decrease VT and increase PIP compared 

to an APL setting of 10 cmH₂O. This relates to the theory that a more closed APL valve 

increases pressure and the risk of barotrauma/volutrauma, while one that is too open can 

decrease VT and trigger hypoventilation or atelectasis. 

Physiologically, increased APL valve pressure increases resistance to gas flow in 

the anesthesia circuit. This increased resistance results in the patient requiring greater 

inspiratory effort to produce the same volume of air. During the weaning phase, when the 

patient begins to take over spontaneous ventilation, this increased resistance can reduce 

the patient's achievable tidal volume. 

The present study demonstrated that changes in APL valve settings were associated 

with significant changes in spontaneous tidal volume during anesthesia weaning. This 

finding is consistent with recent evidence showing that APL valves may exhibit variable 

flow-pressure characteristics and that their performance can influence airway pressure 

and tidal volume. Buehler (2023) demonstrated clinically relevant variability in APL 

valve performance, including nonlinear pressure behavior, emphasizing that the 

relationship between APL setting and airway pressure may not always be strictly linear. 

Similarly, Spinney and Sprigge (2021) reported differences in flow-pressure 

characteristics among APL valves, indicating that valve setting and valve characteristics 

may influence pressure regulation within the breathing circuit. These findings support the 

physiological interpretation of the present study, in which increasing APL settings from 

10 to 20 and 30 cmH₂O were accompanied by progressive reductions in mean 

spontaneous tidal volume. 

The novelty of this study lies in the direct clinical comparison of three APL valve 

settings (10, 20, and 30 cmH₂O) within the same patients during the anesthesia weaning 

phase. Recent research on APL valve performance has included experimental lung-model 

testing evaluating airway pressure and inspiratory tidal volume at different APL settings. 

Buehler et al. evaluated an adapted APL valve using baby and adolescent lung models 

and demonstrated changes in airway pressure and tidal volume associated with valve 

adjustment (Buehler et al., 2023). In contrast, the present study provides clinical data 

obtained from the same patients at three different APL settings during the transition 

toward spontaneous breathing. This within-patient comparison provides additional 

clinical evidence regarding the relationship between APL settings and spontaneous tidal 

volume during anesthesia weaning. 

From a clinical perspective, these findings suggest that APL valve adjustment 

during anesthesia weaning should be considered in relation to tidal volume and airway 

pressure rather than relying solely on a fixed valve setting. Recent clinical research in 

adult patients compared pressure-controlled facemask ventilation with manual facemask 

ventilation during induction of general anesthesia, with the APL valve set at 11 cmH₂O 

in the manual ventilation group (Edmark et al., 2023). Therefore, the findings of the 

present study provide additional clinical information regarding APL valve adjustment 

during the transition from controlled to spontaneous breathing and support consideration 
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of tidal volume and airway pressure when evaluating ventilation during anesthesia 

weaning. 

 

CONCLUSION 

There is a significant difference in spontaneous tidal volume resulting from 

variations in APL valve settings (10, 20, and 30 cmH₂O), with tidal volume being 

inversely proportional to the APL pressure level. Conversely, increasing the APL setting 

is directly proportional to the rise in Peak Inspiratory Pressure (PIP). Clinically, these 

findings underscore that using high APL valve pressures during weaning risks limiting 

the patient's tidal volume and increasing the PIP load, thereby necessitating closer 

observation and caution when weaning process. 

 

REFERENCES 

Akella, P., Voigt, L. P., & Chawla, S. (2022). To wean or not to wean: A practical patient 

focused guide to ventilator weaning. Journal of Intensive Care Medicine, 37(11), 

1417–1425. https://doi.org/10.1177/08850666221095436 

Arslan, M., & Yavuz, C. (2020). A practical method to improve preoxygenation: Using 

the APL valve. Annals of Medical Research, 27(1), 34-37. 

https://doi.org/10.5455/annalsmedres.2019.12.902 

Avva, U., Lata, J. M., Hendrix, J. M., & Kiel, J. (2025). Airway management. StatPearls 

Publishing, 189–211. https://doi.org/10.1007/978-3-031-25358-4_5 

Bolther, M., Henriksen, J., Holmberg, M. J., Jessen, M. K., Vallentin, M. F., Hansen, F. 

B., Holst, J. M., Magnussen, A., Hansen, N. S., Johannsen, C. M., Enevoldsen, J., 

Jensen, T. H., Roessler, L. L., Lind, P. C., Klitholm, M. P., Eggertsen, M. A., Caap, 

P., Boye, C., Dabrowski, K. M., et al. (2022). Ventilation strategies during general 

anesthesia for noncardiac surgery: A systematic review and meta-analysis. 

Anesthesia & Analgesia, 135(5), 971–985. 

https://doi.org/10.1213/ANE.0000000000006106 

Buehler, P. K., Weiss, M., Wendel-Garcia, P. D., Both, C. P., Schmidt, A. R., Wehren, 

M. P., & Thomas, J. (2023). The importance of post marketing quality control: The 

case of the adjustable pressure-limiting valve performance. European Journal of 

Anaesthesiology and Intensive Care, 2(1), 1-8. 

https://doi.org/10.1097/EA9.0000000000000016 

Burns, K. E. A., Khan, J., Phoophiboon, V., Trivedi, V., Gomez-Builes, J. C., 

Giammarioli, B., Lewis, K., Chaudhuri, D., Desai, K., & Friedrich, J. O. (2024). 

Spontaneous breathing trial techniques for extubating adults and children who are 

critically ill: A systematic review and meta-analysis. JAMA Network Open, 7(2), 

e2356794. https://doi.org/10.1001/jamanetworkopen.2023.56794 

Edmark, L., Englund, E.-K., Jónsson, A., Teskeredzic Zilic, A., Cajander, P., & Östberg, 

E. (2023). Pressure-controlled versus manual facemask ventilation for anaesthetic 

induction in adults: A randomised controlled non-inferiority trial. Acta 

Anaesthesiologica Scandinavica, 67, 1356–1362. 

https://doi.org/10.1111/aas.14308 

Page 12 of 13 - Integrity Submission Submission ID trn:oid:::3117:626112347

Page 12 of 13 - Integrity Submission Submission ID trn:oid:::3117:626112347

https://fahruddin.org/index.php/jth/
https://doi.org/10.1177/08850666221095436
https://doi.org/10.5455/annalsmedres.2019.12.902
https://doi.org/10.1007/978-3-031-25358-4_5
https://doi.org/10.1213/ANE.0000000000006106
https://doi.org/10.1097/EA9.0000000000000016
https://doi.org/10.1001/jamanetworkopen.2023.56794
https://doi.org/10.1111/aas.14308


 

Homepages: https://fahruddin.org/index.php/jth/ 1144 

 

Jiang, J., Xia, F., Lu, Z., Tang, Y., Qiu, H., Yang, Y., & Guo, F. (2024). Effects of tidal 

volume on physiology and clinical outcomes in patients with one-lung ventilation 

undergoing surgery: A meta-analysis of randomized controlled trials. Biomedical 

Reports, 20(5), 1–10. https://doi.org/10.3892/br.2024.1761 

Mezidi, M., Yonis, H., Chauvelot, L., Deniel, G., Dhelft, F., Gaillet, M., Noirot, I., Folliet, 

L., Chabert, P., David, G., Danjou, W., Baboi, L., Bettinger, C., Bernon, P., Girard, 

M., Provoost, J., Bazzani, A., Bitker, L., & Richard, J. C. (2024). Spontaneous 

breathing trial with pressure support on positive end-expiratory pressure and 

extensive use of non-invasive ventilation versus T-piece in difficult-to-wean 

patients from mechanical ventilation: A randomized controlled trial. Annals of 

Intensive Care, 14(59), 1-11. https://doi.org/10.1186/s13613-024-01290-6 

Na, S. J., Ko, R. E., Nam, J., Ko, M. G., & Jeon, K. (2022). Factors associated with 

prolonged weaning from mechanical ventilation in medical patients. Therapeutic 

Advances in Respiratory Disease, 16, 1–12. 

https://doi.org/10.1177/17534666221117005 

Rittayamai, N., Ratchaneewong, N., Tanomsina, P., & Kongla, W. (2021). Validation of 

rapid shallow breathing index displayed by the ventilator compared to the standard 

technique in patients with readiness for weaning. BMC Pulmonary Medicine, 21(1), 

1–8. https://doi.org/10.1186/s12890-021-01680-7 

Roberts, K. J., Goodfellow, L. T., Battey-Muse, C. M., Hoerr, C. A., Carreon, M. L., 

Sorg, M. E., Glogowski, J., Girard, T. D., MacIntyre, N. R., & Hess, D. R. (2024). 

AARC clinical practice guideline: Spontaneous breathing trials for liberation from 

adult mechanical ventilation. Respiratory Care, 69(7), 891–901. 

https://doi.org/10.4187/respcare.11735 

Spinney, S. T. J., & Sprigge, K. A. (2021). Flow-pressure characteristics of four 

adjustable pressure-limiting valves supplied with Mapleson C circuits. Anaesthesia, 

76(6), 854–855. https://doi.org/10.1111/anae.15367 

Wu, C. H., Lin, F. C., Jerng, J. S., Shin, M. H., Wang, Y. C., Lee, C. J., Lin, L. M., Lin, 

N. H., Kuo, Y. W., Ku, S. C., & Wu, H. D. (2023). Automatic tube compensation 

for liberation from prolonged mechanical ventilation in tracheostomized patients: A 

retrospective analysis. Journal of the Formosan Medical Association, 122(11), 

1132–1140. https://doi.org/10.1016/j.jfma.2023.04.020 

Yi, L. J., Tian, X., Chen, M., Lei, J. M., Xiao, N., & Jiménez-Herrera, M. F. (2021). 

Comparative efficacy and safety of four different spontaneous breathing trials for 

weaning from mechanical ventilation: A systematic review and network meta-

analysis. Frontiers in Medicine, 8, 1-12. https://doi.org/10.3389/fmed.2021.731196 

Zeng, C., Lagier, D., Lee, J.-W., & Vidal Melo, M. F. (2022). Perioperative pulmonary 

atelectasis—Part I: Biology and mechanisms. Anesthesiology, 136(1), 181–205. 

https://doi.org/10.1097/ALN.0000000000003943 

 

 

 

Page 13 of 13 - Integrity Submission Submission ID trn:oid:::3117:626112347

Page 13 of 13 - Integrity Submission Submission ID trn:oid:::3117:626112347

https://fahruddin.org/index.php/jth/
https://doi.org/10.3892/br.2024.1761
https://doi.org/10.1186/s13613-024-01290-6
https://doi.org/10.1177/17534666221117005
https://doi.org/10.1186/s12890-021-01680-7
https://doi.org/10.4187/respcare.11735
https://doi.org/10.1111/anae.15367
https://doi.org/10.1016/j.jfma.2023.04.020
https://doi.org/10.3389/fmed.2021.731196
https://doi.org/10.1097/ALN.0000000000003943

