
NC JSC "KARAGANDA MEDICAL UNIVERSITY»

UDC 616.24-008:612.216.2-089.853-08                                              as manuscript




ANNOTATION
of the dissertation work for the degree of Doctor of Philosophy
Topic: Evaluation of Positive End-Expiratory Pressure for Optimizing Mechanical Ventilation During Laparoscopic Surgeries
Educational Program: Medicine
Author: Yessenbayeva Gulfairus Adimazhitkyzy



Scientific Advisors:
PhD in Medicine, Associate Professor, Director of the Life Sciences Institute of NAO "MUK" Dmitry Anatolyevich Klyuev
Doctor of Medical Sciences, Professor of the Department of Internal Medicine, Chief Therapist of the Medical University Clinic Vilien Borisovich Molotov-Luchansky
Doctor of Medical Sciences, Professor, Head of the Department of Anesthesiology and Reanimatology of the Clinical Surgery Research Institute, Federal State Budgetary Educational Institution of Higher Education "Pirogov Russian National Research Medical University" of the Ministry of Health of Russia Andrey Igorevich Yaroshetskiy




Year: 2025
The annotation was reviewed at the meeting of the Life Sciences Institute of NJC "Karaganda Medical University"
___ ______________ 27.03.2024, Protocol No. 7
Head of the Life Sciences Institute of NC JSC "Karaganda Medical University" _________________ Candidate of Medical Sciences, Associate Professor D.A. Klyuev































Relevance of the Study with Elements of Justification
Every year, approximately 230 million surgical procedures are performed worldwide under general anesthesia with the use of mechanical ventilation (MV) [1].
Pneumoperitoneum (PNP) and the forced positioning of the patient during laparoscopic interventions lead to significant pathophysiological changes that complicate the conduct of anesthesia [3]. The increase in intra-abdominal pressure (IAP) causes cranial displacement of the diaphragm, which contributes to the formation of intraoperative atelectasis and a decrease in end-expiratory lung volume (EELV) [4,5].
One of the methods for preventing these disturbances is the application of positive end-expiratory pressure (PEEP) [6]. However, excessive elevation of PEEP may lead to alveolar overdistension with the development of volutrauma [7] and hemodynamic instability. Therefore, determining the optimal PEEP level sufficient to minimize atelectasis, improve respiratory mechanics, and maintain adequate oxygenation remains a relevant clinical task.
Data regarding the effects of PEEP on oxygenation, respiratory mechanics, and hemodynamic stability vary considerably [8, 9-16]. Thus, the optimal PEEP level during laparoscopic surgery in patients without lung injury remains a matter of debate.
Given the inconsistency of existing data, the concept of personalized intraoperative PEEP adjustment has been actively developing in recent years [17-19]. This highlights the need for further research to determine the most effective and safe PEEP level during laparoscopic procedures.
Working Hypothesis
Personalized PEEP titration in patients undergoing laparoscopic surgery improves respiratory system biomechanics and oxygenation parameters without adverse effects on hemodynamics.
Aim of the Study
To perform a comparative evaluation of the effectiveness of mechanical ventilation with personalized PEEP optimization versus standard ventilation during laparoscopic surgery.
Objectives of the Study
1. To conduct a meta-analysis of studies evaluating the effectiveness of mechanical ventilation depending on PEEP level (low, moderate, high, and personalized), tidal volume, and patient positioning on the operating table in non-obese patients undergoing laparoscopic procedures.
2. To conduct a meta-analysis of studies evaluating the effectiveness of mechanical ventilation depending on PEEP level (low, moderate, high, and personalized), tidal volume, and patient positioning on the operating table in obese patients undergoing laparoscopic procedures.
3. To assess hemodynamic, oxygenation, and respiratory system biomechanical parameters in patients under standard versus personalized PEEP-based ventilation strategies during laparoscopic surgery.
Scientific Novelty
For the first time, a comprehensive assessment of the effects of PEEP during laparoscopic surgery on oxygenation, respiratory system compliance, and hemodynamics was conducted in patients with and without obesity. Parameters for personalized PEEP selection during laparoscopic cholecystectomy were identified for the first time. A method for individualized intraoperative PEEP adjustment was developed and validated through titration based on the optimal static compliance of the respiratory system.
Practical Significance of the Results
The findings allow for the individualization of PEEP strategies depending on body mass index, patient positioning, and type of surgical intervention. This approach improves oxygenation, optimizes respiratory system biomechanics, and reduces the risk of postoperative pulmonary complications.
Key Points for Defense
1. In non-obese patients undergoing laparoscopic surgery, HPEEP and iPEEP strategies, compared with LPEEP, improve oxygenation and respiratory biomechanics without significant effects on hemodynamics, albeit with high variability of the true effect; whereas the Trendelenburg position and high tidal volume under LPEEP exert negative effects on respiratory biomechanics and hemodynamics.
2. In obese patients undergoing laparoscopic surgery in the reverse Trendelenburg position, HPEEP and iPEEP strategies, compared with LPEEP, improve oxygenation and respiratory biomechanics without significant effects on hemodynamics, with high variability of the true effect.
3. Personalized PEEP titration during laparoscopic cholecystectomy improves perioperative oxygenation compared with fixed PEEP of 5 cm H₂O, without adverse effects on respiratory mechanics and hemodynamics.
4. Regardless of patient body mass index (obese or non-obese) and intraoperative position (Trendelenburg or reverse Trendelenburg), high and personalized PEEP levels provide optimal oxygenation and respiratory biomechanics during laparoscopic interventions without adverse hemodynamic effects.
Implementation into Practice
The method of personalized intraoperative PEEP adjustment during laparoscopic cholecystectomy, based on titration according to optimal static compliance of the respiratory system as a parameter of protective ventilation, developed within this study, has been implemented into routine anesthesiology practice during laparoscopic procedures at the National Scientific Oncological Center. Implementation Act No. 7 (Appendix A).
Author’s Contribution
The author independently carried out data collection, processing, and analysis, performed the meta-analyses, systematized and interpreted the results. The entire body of work was conducted and presented in the form of the dissertation by the author personally.
Approbation of the Work
The main findings of the study were presented, published, and discussed at: the V Anniversary International Congress of the “Kazakh Society of Anaesthesiologists and Reanimatologists” (June 24–25, 2022); the X International Scientific and Practical Forum “Innovative Technologies in Respiratory Medicine” (September 30 – October 1, 2022); the Forum of Russian Anaesthesiologists and Reanimatologists, XXI Congress of the Federation of Anaesthesiologists and Reanimatologists (St. Petersburg, Russia, October 14–16, 2023, and October 13–15, 2024); the 18th World Congress of Anaesthesiologists (WCA2024, Singapore, March 3–7, 2024); and the European Society of Anaesthesiology and Intensive Care Congress “Euroanaesthesia 2024” (Germany, May 24–26, 2024).
Publications
Five scientific papers have been published on the dissertation topic, including two systematic reviews and meta-analyses in international journals indexed in Clarivate Analytics and Scopus; two articles in journals recommended by the Committee for Quality Assurance in the Field of Science and Higher Education of the Republic of Kazakhstan; and one certificate of state registration of copyright (Appendix B).
Study Design, Materials, and Methods
The study was conducted in two stages.
At the first stage, systematic reviews and meta-analyses were performed to evaluate the effects of different levels of PEEP in patients undergoing laparoscopic surgery — both with and without obesity — with an analysis of respiratory biomechanics, oxygenation, and hemodynamic parameters. This approach was justified by the pronounced physiological differences in respiratory mechanics, the impact of obesity on lung tissue compliance, and the higher risk of atelectasis formation and postoperative pulmonary complications in this patient population.
The systematic reviews and meta-analyses were conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for randomized controlled trials (RCTs), involving patients who underwent laparoscopic surgery under general anesthesia with mechanical ventilation (MV) [20].
Performing separate meta-analyses made it possible to account for these differences and obtain clinically meaningful results supporting the need for a personalized approach to mechanical ventilation settings.
Data processing was carried out using Review Manager (RevMan v.5.4) and Stata 17.0 (StataCorp, College Station, TX, USA). Continuous variables were pooled as mean difference (MD) or standardized mean difference (SMD) with 95% confidence intervals (CI), and true variability was estimated using prediction intervals (PI).
Given the expected inter-study heterogeneity, a random-effects model was applied. Heterogeneity was assessed using the χ², τ², and I² statistics (p < 0.10 by χ² was interpreted as evidence of heterogeneity).
Publication bias was evaluated using funnel plots, and sensitivity analysis was performed by sequentially excluding one study at a time.
To identify potential modifiers (tidal volume, patient position, recruitment maneuvers), meta-regression was conducted, calculating Qres, regression coefficients, and R², visualized through bubble plots.
The quality of the included RCTs was assessed using the Cochrane Risk of Bias tool (RoB 2.0) across five domains:
· randomization process (D1),
· deviations from intended interventions (D2),
· missing outcome data (D3),
· measurement of outcomes (D4), and
· selective reporting (D5).
Each domain was classified as “low risk,” “high risk,” or “some concerns.”
At the second stage, a randomized controlled trial (RCT) was conducted and approved by the Local Ethics Committee of Karaganda Medical University (Protocol No. 18 dated April 14, 2021; Registration No. 66).
The study protocol was developed in accordance with the principles of the Helsinki Declaration and the CONSORT guidelines. All participants provided written informed consent prior to enrollment.
The study included 60 patients aged 18–65 years with calculous cholecystitis undergoing laparoscopic cholecystectomy. Exclusion criteria included ASA ≥ III, severe comorbidities, respiratory or cardiovascular dysfunction, or contraindications to PEEP titration. Randomization was performed in a 1:1 ratio using computer-generated sequences, and allocation was concealed in sealed envelopes until the start of anesthesia.
Patients were divided into two groups of 30 each:
· Main group (iPEEP): individualized PEEP titrated to the point of maximal static respiratory system compliance;
· Control group (PEEP5): standard ventilation with a fixed PEEP of 5 cm H₂O throughout the operation.
Mechanical ventilation was performed in volume-controlled ventilation (VCV) mode with a tidal volume of 6 ml/kg of ideal body weight and plateau pressure limited to < 30 cm H₂O. FiO₂ was adjusted individually to maintain SpO₂ > 92%. In cases of desaturation, parameters were corrected and, if necessary, a recruitment maneuver was applied under hemodynamic monitoring.
The PEEP titration protocol in the iPEEP group involved stepwise increases in PEEP by 1 cm H₂O starting from minimal levels. After each adjustment, a 1-minute stabilization period was allowed for respiratory mechanics to equilibrate. The optimal PEEP level was defined as the point where Cstat reached its maximum. In the control group, PEEP remained constant at 5 cm H₂O throughout the operation.
Demographic data, ASA scores, and body mass index (BMI) were recorded for all participants. Hemodynamic variables (mean arterial pressure, heart rate), respiratory mechanics (Cstat, driving pressure, plateau pressure, Ppeak), capnographic data (EtCO₂, ṼCO₂), and gas exchange parameters (PaO₂, PaO₂/FiO₂, PaCO₂) were monitored throughout the study. Arterial blood gases were analyzed at three time points: preoperatively, 1 hour after incision, and 24 hours postoperatively.
Data analysis was performed using IBM SPSS Statistics 20.0. The Shapiro–Wilk test was used to verify normality of distribution. For non-normally distributed data, values were expressed as median and interquartile range (IQR), and intergroup comparisons were made using the Mann–Whitney U test. Categorical variables were analyzed using Pearson’s χ² test. A p-value < 0.05 was considered statistically significant.
Sample size calculation was performed a priori using PASS 15.0, ensuring a statistical power of 80%.























Results of the Study
1. Results of the Systematic Review and Meta-Analysis in Non-Obese Patients
The analysis included 21 randomized clinical trials (n = 1554) that investigated the effects of various levels of PEEP during laparoscopic surgeries in patients with a normal body mass index (BMI).
The pooled data demonstrated that the use of moderate (5 cm H₂O) and especially high PEEP levels (10 cm H₂O) significantly improved oxygenation indices (PaO₂ and PaO₂/FiO₂) compared to the absence of PEEP or the use of low PEEP levels. Individualized PEEP adjustment (iPEEP) showed the most pronounced positive effect on gas exchange, leading to a substantial increase in the PaO₂/FiO₂ ratio compared to standard ventilation strategies.
Furthermore, the application of high and individualized PEEP levels contributed to improved respiratory system compliance and reduced the risk of intraoperative atelectasis formation. No significant effects on hemodynamic parameters (mean arterial pressure and heart rate) were observed.
Thus, for non-obese patients, high and individualized PEEP strategies appear to be optimal, as they enhance oxygenation and respiratory mechanics without causing clinically significant adverse effects.

2. Results of the Systematic Review and Meta-Analysis in Obese Patients in the Reverse Trendelenburg Position
The meta-analysis included 8 randomized clinical trials (n = 425) evaluating the effects of different PEEP levels in obese patients undergoing laparoscopic surgery in the reverse Trendelenburg position.
The pooled findings indicated that both high PEEP (10 cm H₂O) and individualized PEEP (iPEEP) significantly improved oxygenation (PaO₂/FiO₂) and dynamic compliance compared with low PEEP or no PEEP. These strategies also led to a reduction in driving pressure, suggesting a decreased risk of ventilator-induced lung injury.
Importantly, the use of higher PEEP levels was not associated with significant changes in hemodynamic parameters (mean arterial pressure, heart rate), confirming the safety of these strategies for this patient population.
Therefore, in obese patients undergoing laparoscopic surgery, high and individualized PEEP levels are the most effective strategies to enhance oxygenation and respiratory mechanics while maintaining hemodynamic stability.

3. Results of the Clinical Study
The clinical study included 60 patients aged 18–65 years undergoing laparoscopic cholecystectomy. Patients were randomized into two groups:
· Main group (iPEEP, n = 30): individualized PEEP adjustment using titration based on maximal static compliance of the respiratory system;
· Control group (PEEP5, n = 30): standard ventilation with a fixed PEEP of 5 cm H₂O.
At all measurement points (before surgery, 1 hour after the start, and 24 hours postoperatively), patients in the iPEEP group demonstrated significantly higher PaO₂ and PaO₂/FiO₂ values compared to the PEEP5 group (p < 0.05). This indicates that individualized PEEP adjustment provides more efficient oxygenation during the perioperative period.
No significant differences were found in static compliance (Cstat) between the groups. At certain time points, driving pressure (DP) was slightly higher in the iPEEP group, though these differences were not clinically relevant. Plateau pressure and end-expiratory lung volume (EELV) remained comparable between groups.
Mean arterial pressure and heart rate remained stable in both groups, with no statistically significant intergroup differences, confirming the hemodynamic safety of individualized PEEP.
Levels of PaCO₂ and PetCO₂ were similar in both groups throughout the study, indicating that iPEEP use did not impair ventilation or cause carbon dioxide retention.
Thus, individualized PEEP titration during laparoscopic cholecystectomy provides superior perioperative oxygenation compared to a fixed PEEP of 5 cm H₂O, without negative effects on respiratory mechanics or hemodynamics. This makes the approach both safe and clinically justified for routine use.
During laparoscopic cholecystectomy in the reverse Trendelenburg position, a fixed PEEP of 5 cm H₂O is often sufficient; however, in certain cases, individualized adjustment of PEEP may yield better outcomes. The present study demonstrated that personalized PEEP titration significantly improves perioperative oxygenation without adversely affecting respiratory biomechanics.





















Conclusions
1. In non-obese patients, HPEEP compared with LPEEP increased PaO₂ by 29.38 mmHg (p < 0.0001) or PaO₂/FiO₂ by 36.7 mmHg (p = 0.04). HPEEP compared with MPEEP increased PaO₂ by 22.00 mmHg (p = 0.04) or PaO₂/FiO₂ by 42.7 mmHg (p = 0.04). iPEEP compared with MPEEP increased PaO₂/FiO₂ by 115.2 mmHg (p < 0.001). HPEEP compared with LPEEP increased Cdyn by 7.87 ml/mbar (p = 0.02). iPEEP compared with LPEEP reduced driving pressure by 4.13 mbar (p < 0.001).
2. In non-obese patients, a tidal volume > 8 ml/kg in RCTs of LPEEP compared with MPEEP was associated with a significant reduction in mean arterial pressure (regression coefficient –0.58; R² = 100.00%; p = 0.003) and a significant decrease in Cdyn (regression coefficient –1.37; R² = 82.82%; p = 0.006) in RCTs of LPEEP compared with HPEEP. The Trendelenburg position was associated with a significant reduction in Cdyn (regression coefficient 1.34; R² = 100.00%; p < 0.0001) in RCTs of LPEEP compared with HPEEP.
3. In obese patients in the reverse Trendelenburg position, HPEEP compared with LPEEP increased PaO₂/FiO₂ by 129.93 mmHg (p < 0.0001) and Cdyn by 15.06 ml/mbar (p = 0.002). iPEEP compared with LPEEP increased PaO₂/FiO₂ by 130.23 mmHg (p = 0.0005) and Cdyn by 22.46 ml/mbar (p = 0.002).
4. A personalized approach to PEEP titration during laparoscopic cholecystectomy improved perioperative oxygenation (PaO₂/FiO₂) compared with fixed PEEP (5 cm H₂O) by 8% (p = 0.02), while maintaining stable respiratory mechanics and hemodynamics.
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