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Purpose: This study aims to compare the conventional lung protective ventilation strategy (LPVS) with driving pressure-guided 
ventilation in obese patients undergoing laparoscopic sleeve gastrectomy (LSG).
Methods: Forty-five patients undergoing elective LSG under general anesthesia were randomly assigned to the conventional LPVS 
group (group L) or the driving pressure-guided ventilation group (group D) using random numbers generated by Excel. The primary 
outcome was the driving pressure of both groups 90 min after pneumoperitoneum.
Results: After 30 min of pneumoperitoneum, 90 min of pneumoperitoneum, 10 min of closing the pneumoperitoneum, and restoring 
the supine position, the driving pressure of group L and group D were 20.0 ± 2.9 cm H2O vs 16.6 ± 3.0 cm H2O (P < 0.001), 20.7 ± 
3.2 cm H2O vs 17.3 ± 2.8 cm H2O (P < 0.001), and 16.3 ± 3.1 cm H2O vs 13.3 ± 2.5 cm H2O (P = 0.001), respectively; the respiratory 
compliance of groups L and D were 23.4 ± 3.7 mL/cm H2O vs 27.6 ± 5.1 mL/cm H2O (P = 0.003), 22.7 ± 3.8 mL/cm H2O vs 26.4 ± 
3.5 mL/cm H2O (P = 0.005), and 29.6 ± 6.8 mL/cm H2O vs 34.7 ± 5.3 mL/cm H2O (P = 0.007), respectively. The intraoperative PEEP 
in groups L and group D was 5 (5–5) cm H2O vs 10 (9–11) cm H2O (P < 0.001).
Conclusion: An individualized peep-based driving pressure-guided ventilation strategy can reduce intraoperative driving pressure and 
increase respiratory compliance in obese patients undergoing LSG.
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Introduction
As living standards improve, so does the proportion of obese people,1 and because the complications associated with 
obesity significantly impact their lives, making weight loss a popular topic among obese individuals. Laparoscopic sleeve 
gastrectomy (LSG) is a new option for obese patients due to its significant weight loss and improved comorbidity,2 

however, the incidence of postoperative pulmonary complications (PPCs) is as high as 18% among obese patients.3 The 
occurrence of PPCs prolongs hospital stays and increases mortality,4,5 and without effective measures, this healthcare 
burden will increase as the number of obese patients undergoing surgery increases.

Lung protective ventilation strategy (LPVS) includes low tidal volumes (VT), positive end-expiratory pressure 
(PEEP), recruitment maneuver (RM), and like.6 Numerous studies7–9 have demonstrated that LPVS can reduce the 
incidence of PPCs. The driving pressure is the pressure responsible for opening the alveoli.10 In recent years, the driving 
pressure-guided ventilation strategy has emerged as a new LPVS that reduces the driving pressure during mechanical 
ventilation by adjusting the parameters of mechanical ventilation to minimize PPCs.11

Little research has been conducted on applying driving pressure-guided ventilation strategy in obese patients. This 
research aimed to compare the effects of a driving pressure-guided ventilation strategy and a conventional LPVS in obese 
patients undergoing LSG.
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Materials and Methods
Study Population
This randomized, controlled study was conducted at Zhengzhou Central Hospital and approved by the hospital’s medical 
ethics committee (Zhengzhou Central Hospital Affiliated with Zhengzhou University, Zhengzhou, China; approval number: 
202205; date: 10/01/2022). The study protocol was registered in the Chinese Clinical Trial Registry with the registration 
number ChiCTR2200057246 (date: 04/03/2022). The methodology was executed according to international guidelines for 
randomized clinical studies, CONSORT Guidelines (Table S1 CONSORT checklist), and the Declaration of Helsinki.

Patients undergoing LSG between March 5, 2022, and April 5, 2022, were recruited for this study. Before the 
commencement of the clinical trial, all patients signed an informed consent form. The following were the criteria 
for inclusion: 1) Patients aged 18–60 years; 2) body mass index (BMI) > 30 kg/m2; 3) American Society of 
Anesthesiologists (ASA) physical status II or III. Exclusion criteria included: 1) preoperative hemoglobin con-
centration below 110 g/L; 2) preoperative coagulation abnormalities; 3) history of upper respiratory tract infection 
within two weeks before surgery; 4) preoperative computed tomography demonstrating pulmonary atelectasis or 
severe respiratory disease; 5) concomitant neurological disease or previous history of cerebrovascular disease; 6) 
serious heart, liver, kidney, and other systemic diseases; and 7) refusal to sign the informed consent form.

Blinding Methods
The patients were randomly assigned to the conventional LPVS group (group L) or the driving pressure-guided 
ventilation group (group D) using random numbers generated by Excel. Based on the list of random numbers, opaque, 
sealed, and sequentially numbered envelopes containing cards with the allocation information were prepared. Upon the 
arrival of an eligible patient in the operating room, the investigator nurse designated participants by opening envelopes 
containing pre-written assignments. During the entire observation period, including all postoperative follow-up periods, 
patients, surgeons, and post-anesthesia care unit (PACU) personnel were blinded to the grouping.

Study Protocol of Each Ventilator Strategy
After endotracheal intubation, patients in both groups received RM (sustained inflation, 30–40 cm H2O, 20–30 s), 
followed by volume control mode mechanical ventilation. The parameters for breathing are as follows: VT of 6– 
8 mL/kg of lean body weight (LBW), the respiration rate of 12–20 breaths/min, inspired oxygen fraction of 0.61 
(1:1 oxygen/air mixture), the inspiratory interval of 30%, inspiration-to-expiration ratio of 1:2, and flow rate of 2 
L/min.

Group L: PEEP of 5 cm H2O was set 20 min after establishing pneumoperitoneum and completing surgical position 
adjustment and maintained throughout the procedure.

Group D: A driving pressure-guided ventilation strategy was initiated 10 min after the pneumoperitoneum was 
established and the surgical position was adjusted. The PEEP was sequentially increased from 4 cm H2O to 12 cm H2O, 
and each PEEP level was maintained for thirteen respiratory cycles. The plateau pressure (Pplat) corresponding to the 
fourth respiratory cycle through the thirteenth respiratory cycle was recorded, and the driving pressure corresponding to 
each of these ten respiratory cycles was calculated using a simplified algorithm of driving pressure (driving pressure = 
Pplat - PEEP). The driving pressure that occurs most frequently in ten respiratory cycles is the driving pressure 
corresponding to this PEEP level. Then, the driving pressures corresponding to the nine PEEP levels are compared, 
and the PEEP level corresponding to the lowest driving pressure is selected and maintained throughout the entire 
procedure.

Anesthesia and Surgery
When the patients were admitted to the operating room, an intravenous line was determined with an 18-gauge IV cannula 
on the forearm. Ringer’s lactate solution at a rate of 2–4 mL/kg/h was used to maintain the basal fluid. Rescue vasoactive 
agents such as atropine, ephedrine, or epinephrine were available. All patients started induction of general anesthesia 
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after receiving bilateral paravertebral nerve blocks at T9. Later, all patients had a pneumoperitoneum established by the 
surgeon and adjusted to the surgical positional (reverse Trendelenburg and right-lateral tilt positions).

Based on the patient’s LBW, propofol 2 mg/kg, sufentanil 0.5 μg/kg, and rocuronium 1 mg/kg were administered 
intravenously as anesthetic induction. Mechanical ventilation was initiated after endotracheal intubation. Anesthesia was 
maintained with propofol (2–6 mg.kg−1.h−1), sevoflurane (1–2%), remifentanil (0.05–0.15 μg.kg−1.min−1) and intermit-
tent bolus injection of rocuronium. The bispectral index (BIS) value was maintained within 40–60. Intraoperative blood 
pressure fluctuation was maintained at ± 20% of the baseline.

Flurbiprofen (100 mg) was administered intravenously half an hour before the completion of surgery. For 
postoperative analgesia, each patient received a patient-controlled intravenous analgesia (PCIA) pump (REHN11, 
Renxian Medical Corporation, Jiangsu, China) according to the same protocol. After surgery, all patients were 
extubated after receiving an intravenous sugammadex injection (Bridion, Merck Sharp Dohme, New Jersey, 
USA) at 2 mg/kg of LBW and then transported to the PACU. All patients were evaluated by the anesthesiologist 
in PACU and returned to the ward by the nurse anesthetist after meeting the PACU discharge criteria.

Measurements
Mean artery pressure (MAP), heart rate (HR), end-tidal carbon dioxide (ETCO2), VT, Pplat, and peak airway pressure (Ppeak) 
were recorded at five-time points: 10 min after induction of anesthesia (T0), 10 min after pneumoperitoneum (T1), 30 min after 
pneumoperitoneum (T2), 90 min after pneumoperitoneum (T3), and 10 min after pneumoperitoneum was closed and supine 
position was restored (T4), respectively. The driving pressure and respiratory compliance were calculated using the formula 
(respiratory compliance = VT/driving pressure). The incidence of PPCs within three days after surgery was recorded (three or 
more new findings: cough, increased sputum, dyspnea, chest pain, temperature > 38 °C, and heart rate > 100 beats/min).12

The primary outcome was the driving pressure of the two groups at T3. Secondary outcomes included PEEP, 
respiratory compliance, and the incidence of PPCs.

Statistical Analysis
The sample size was determined using data from the preliminary study. Patients in group L had a T3 time point driving 
pressure of 20.7 ± 3.4 cm H2O, while patients in group D was 16.8 ± 3.8 cm H2O. Assuming alpha = 0.05, beta = 0.1, 
a two tails test is performed, and the calculated sample size for each group was 19. To allow for a possible 20% dropout 
rate, we enrolled 46 participants in this study.

R software was applied to analyze all statistical data. The measurement data of normal distribution were 
expressed as mean ± standard deviation, and the comparison of mean between the two groups was performed by 
two independent samples t-test. The median (interquartile range) was used for measurement data of non-normal 
distribution, and the Mann–Whitney U-test was used for comparison between groups. Categorical variables were 
compared using the chi-square test or Fisher’s exact test. P < 0.05 was considered statistically significant.

Results
In the present study, 56 patients undergoing LSG were evaluated; however, six patients were excluded because they did 
not satisfy the inclusion criteria, and four refused to participate. 46 patients were randomly allocated into two groups. In 
group L, one patient was excluded due to anaphylactic shock. Finally, 45 patients completed the study: group L (n = 22) 
and group D (n = 23). The flowchart is shown in Figure 1. The two groups had no statistically significant differences in 
patient demographics and operative characteristics (Table 1).

Figures 2A and B show that both groups’ driving pressure and respiratory compliance differences at T0-T1 were 
insignificant (P > 0.05). However, at T2-T4, group D had significantly lower driving pressure and significantly higher 
respiratory compliance (P < 0.01). As shown in Figures 2C and D, there was no statistically significant difference in 
Pplat and Ppeak between the two groups from T0-T4 (P > 0.05).

Figure 3 illustrates the PEEP distribution during mechanical ventilation. In group D, the median PEEP was 10 (9– 
11) cm H2O compared with 5 (5–5) cm H2O in group L (P < 0.001).
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Figure 4 shows no statistically significant difference in MAP, HR, ETCO2, and VT between the two groups from T0-T4 

(P > 0.05).
None of the patients was observed to have PPCs within three days postoperatively.

Figure 1 The CONSORT study diagram. 
Notes: CONSORT figure adapted from Schulz KF, Altman DG, Moher D, CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. 
PLoS Med. 2010;7(3): e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.13

Table 1 Patient Demographics and Operation Characteristics

Variables Group L (n = 22) Group D (n=23) P value

Age, years 31.1 ± 7.6 32.5 ± 5.3 0.453

Height, cm 166.8 ± 9.3 163.2 ± 6.3 0.140

Weight, kg 106.8 ± 21.3 102.4 ± 18.4 0.460

BMI, kg/m2 38.2 ± 5.5 38.3 ± 5.8 0.928

Gender, n (%) 0.284

Male 6 (27.3) 3 (13.0)

Female 16 (72.7) 20 (87.0)

ASA physical status, n (%) 0.420

II 7 (31.8) 10 (43.5)

III 15 (68.2) 13 (56.5)

Comorbidities, n (%)

Diabetes mellitus type 2 5 (22.7) 7 (30.4) 0.559

Hypertension 3 (13.6) 2 (8.7) 0.665

Dyslipidemia 13 (59.1) 17 (73.9) 0.292

(Continued)
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Discussion
In this randomized controlled trial, we found that a driving pressure-guided ventilation strategy achieved by individua-
lized PEEP settings can reduce driving pressure and improve respiratory compliance in obese patients undergoing LSG 
compared to a conventional LPVS.

Table 1 (Continued). 

Variables Group L (n = 22) Group D (n=23) P value

Sleep apnea syndrome 10 (45.4) 8 (34.8) 0.465

Polycystic ovarian syndrome 4 (18.2) 7 (30.4) 0.339

Blood loss, mL 45 (45–50) 45 (45–50) 0.879

Infusion volume, mL 1100 (1000–1200) 1100 (1100–1200) 0.548

Duration of surgery, min 130 (124–136) 130 (125–140) 0.240

Duration of anesthesia, min 155 (145–160) 155 (154–165) 0.138

Notes: Data displayed by mean ± SD, numbers (%) or median (interquartile range). 
Abbreviations: Group L, Conventional lung protective ventilation strategy group; Group D, Driving 
pressure-guided ventilation group; BMI, Body mass index; ASA, American Society of Anesthesiologists.

Figures 2 (A) The driving pressure of the two groups at each time point. (B) The respiratory compliance of the two groups at each time point. (C) The Pplat of the two 
groups at each time point. (D) The Ppeak of the two groups at each time point. Data are shown by mean ± SD. **P < 0.01, ***P < 0.001. 
Abbreviations: Group L, Conventional lung protective ventilation strategy group; Group D, Driving pressure-guided ventilation group; Pplat, Plateau pressure; Ppeak, Peak 
airway pressure.
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Figure 3 Distribution of intraoperative PEEP in the two groups. The solid line represents the median and whiskers’ interquartile range. Data is displayed by median 
(interquartile range). ***P < 0.001. 
Abbreviations: Group L, Conventional lung protective ventilation strategy group; Group D, Driving pressure-guided ventilation group; PEEP, Positive end-expiratory pressure.

Figures 4 (A) The MAP of the two groups at each time point. (B) The HR of the two groups at each time point. (C) The ETCO2 of the two groups at each time point. (D) 
The VT of the two groups at each time point. Data is shown by mean ± SD. 
Abbreviations: Group L, Conventional lung protective ventilation strategy group; Group D, Driving pressure-guided ventilation group; MAP, Mean artery pressure; HR, 
Heart rate; ETCO2, End-tidal carbon dioxide; VT, Tidal volume.
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In obese patients, the accumulation and abnormal distribution of large amounts of adipose tissue in the chest stiffens the 
chest wall, resulting in decreased respiratory compliance;14 on the other hand, the accumulation of fat in the abdomen and 
viscera increase intra-abdominal pressure and diaphragm, thereby limiting the movement of the thorax, also resulting in 
a decreased respiratory compliance.15 Driving pressure is defined as the VT divided by the respiratory compliance, so when 
the VT is fixed, the lower the driving pressure, the greater the respiratory compliance. A driving pressure-guided ventilation 
strategy allows the patient to sustain a relatively low level of driving pressure intraoperatively to achieve a high level of 
respiratory compliance. “Functional lung size” proposed by Park et al9 and referred to the total volume of alveoli during 
normal ventilation, above which ventilation can lead to barotrauma and below which ventilation can lead to atelectasis,16 

while ventilation according to the functional lung size achieves the highest respiratory compliance and prevents alveolar 
overinflation or hypoventilation, which is the aim of the driving pressure-guided ventilation strategy. Although improving 
respiratory compliance is not the same as reducing the incidence of PPCs, it is a crucial component of this process.

Atelectasis is one of the important factors causing PPCs. The incidence of atelectasis is typically reduced by PEEP, 
lowering the concentration of inhaled oxygen and RM, and like.17–19 Obese patients are a high-risk group for atelectasis, and 
studies15,20 have shown that obese patients, especially morbidly obese patients, already have a certain area of atelectasis before 
surgery, mainly due to the decreased compliance of the patient’s respiratory system. Larger intraoperative atelectasis may 
result in complications after surgery, including difficult extubation, hypoxemia, hypercapnia, and others,21 resulting in 
a greatly increased incidence of PPCs. In the present study, the individualized PEEP setting avoided the over-expansion of 
alveoli caused by excessive PEEP and the ineffective opening of alveoli caused by inadequate PEEP. The driving pressure- 
guided ventilation strategy was used to maintain the uniform alveoli opening and reduce the incidence of atelectasis by 
individualizing the PEEP setting. In this study, an RM was performed after the patient’s anaesthesia induction and 
intraoperative ventilation with an air-oxygen mixture to further reduce the incidence of atelectasis.

Driving pressure is an indicator that has received much attention in recent years in the context of lung protection. Studies5,10 

have shown that higher driving pressure is firmly associated with the development of PPCs during mechanical ventilation. In 
contrast, VT and PEEP are only associated with the development of PPCs if they result in a change in driving pressure. The 
results of several randomized controlled studies12,22,23 have demonstrated that a driving pressure-guided ventilation strategy is 
superior to a conventional LPVS in reducing the incidence of PPCs. One study24 showed a 3.4% increase in the incidence of 
major morbidity in patients for every 1 cm H2O increase in driving pressure. In this study, after completing the intervention, the 
mean reduction in driving pressure in group D compared to group L was approximately 3.2 cm H2O.

The current guideline recommendation for PEEP during mechanical ventilation is 5 cm H2O.25 However, numerous 
studies26–28 have demonstrated that obese patients require a higher level of PEEP. This study investigated the appropriate 
PEEP during mechanical ventilation in obese patients, using driving pressure as a guide. The results of the study revealed 
a median PEEP of 10 (9–11) cm H2O, which, on the one hand, supports the need for a higher level of PEEP in obese 
patients in terms of driving pressure and, on the other hand, offers some guidance for the choice of PEEP during 
mechanical ventilation in obese patients.

The lung-protective effect of the driving pressure-guided ventilation strategy as a new LPVS has been demonstrated 
in high-risk surgeries (abdominal, thoracic) in PPCs,;12,22,23,29 however, it has been investigated less in obese patients, 
who are a high-risk group for PPCs. The driving pressure-guided ventilation strategy can be achieved through PEEP, VT, 
and other variables.11 In this study, we chose PEEP, which is presently the most popular method. This trial was designed 
with a PEEP range of 4–12 cm H2O because this is the most common range in clinical practice, and higher PEEP is 
associated with more complications. The results indicated a minimum PEEP of 7 cm H2O, a median of 10 cm H2O, and 
a maximum of 12 cm H2O (probably because of the pre-determined upper PEEP limit of 12 cm H2O) when the driving 
pressure was lowest. Therefore, this study provides some reference to investigate further the application of driving 
pressure-guided ventilation strategy in obese patients. Based on this study, the pre-set PEEP could be increased by 7– 
15 cm H2O to determine whether a medium to a high level of PEEP is a more optimal choice for obese patients.

This study has the following three limitations: First, the driving pressure rather than the incidence of PPCs is the 
primary outcome of this study, mainly because the incidence of PPCs in obese patients undergoing LSG in our center is 
very low, which may be due to the young age of the patients and the short operation time. Additionally, all patients 
underwent nerve blocks before surgery. Muscle relaxation antagonism was performed after surgery, and the patients 
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could drink water and do activities 2 h after surgery, greatly reducing the incidence of PPCs. Second, in this study, 
although we were tempted to perform blood gas analysis to monitor the arterial partial pressure of oxygen to compare 
oxygenation, we did not do so mainly because an arterial line is not routinely placed for LSG, performing an invasive 
arterial puncture is both damaging and expensive for the patient; Third, in this study, the patient’s atelectasis was not 
evaluated, primarily because accurate images could not be obtained by ultrasound scanning of the lungs of obese patients. 
Equipment such as electrical impedance tomography was unavailable at our institution.

Conclusion
In conclusion, an individualized peep-based driving pressure-guided ventilation strategy can reduce intraoperative 
driving pressure and improve respiratory compliance in obese patients undergoing LSG.
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