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Abstract
Objective  To evaluate the effect of the individualized positive end-expiratory pressure (PEEP) lung protection 
ventilation strategy by combining driving pressure (ΔP) and pulmonary ultrasound (LUS)-based titration on lung 
function and postoperative cognitive function in patients with chronic obstructive pulmonary disease (COPD) during 
laparoscopic surgery.

Methods  A total of 108 patients with COPD undergoing laparoscopic gastrointestinal surgery under general 
anesthesia were included in this study. They were randomly divided into three groups (n = 36): traditional volume 
ventilation group (Group C), fixed PEEP 5 cmH2O group (Group P), and ΔP combined with LUS-based PEEP titration in 
the resuscitation room group (Group T). All three groups were given volume ventilation mode, I:E = 1:2; In group C, VT 
was 10 mL/kg and PEEP was 0 cmH2O; In groups P and T, VT was 6 mL/kg and PEEP was 5 cmH2O; After mechanical 
ventilation for 15 min in Group T, ΔP in combination with LUS was used to titrate PEEP. The oxygenation index (PaO2/
FiO2), airway platform pressure (Pplat), dynamic lung compliance (Cdyn), Montreal Cognitive Assessment (MoCA), and 
venous interleukin-6(IL-6) were recorded at the corresponding time points, and the final PEEP value in Group T was 
recorded.

Results  The final PEEP value of Group T was (6.4 ± 1.2) cmH2O; Compared with groups C and P: PaO2/FiO2 and 
Cdyn in Group T were significantly increased (P < 0.05) and value of IL-6 was significantly decreased (P < 0.05) at 
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Introduction
In 2020, the World Health Organization (WHO) made 
the latest prediction on the mortality and cause of death 
due to chronic obstructive pulmonary disease (COPD). 
With growing population aging and an increase in the 
smoking rate, the prevalence of COPD will continue to 
rise over the next 40 years till 2060. It is predicted that 
by 2060, the number of patients suffering from COPD 
and related diseases will be over 5.4 million/year. [1] The 
mechanism of COPD leading to changes in neurocogni-
tive function has also drawn increasing attention among 
researchers and academia. Patients with chronic obstruc-
tive pulmonary disease (COPD) have been demonstrated 
to have hypoxemia and hypercapnia for extended peri-
ods of time. Chronic hypoxia is associated with neuro-
nal death, degeneration, and necrosis. Hypoxia and the 
resulting drop in neurotransmitters play a major role in 
cognitive impairment, and such patients may also expe-
rience impaired synthesis of neurotransmitters (acetyl-
choline). [2–4] According to reports, the incidence rate 
of postoperative cognitive dysfunction (POCD) one week 
after surgery is between 9% and 54%. [5] In the long term, 
POCD also raises postoperative mortality and hospital-
ization, puts an undue strain on public resources, height-
ens patient and family anxiety, increases hospitalization 
costs. [6] Multiple studies have shown that setting an 
individualized lung protection ventilation strategy dur-
ing the operation can not only improve lung function of 
patients, but also improve postoperative cognitive func-
tion of patients undergoing surgery and reduce the risk of 
POCD in elderly patients. [7, 8] The above studies were 
mainly aimed at lung protection ventilation for healthy 
lung patients, and there are few studies on individual-
ized lung protection ventilation for patients with COPD 
during the perioperative period. At present, the lung pro-
tective ventilation strategy mainly includes the following 
elements [9]: Poor postoperative lung compliance can be 
caused by high tidal volume when low tidal volume venti-
lation is used (6 ml/kg), however positive end expiratory 
pressure ventilation (PEEP) can greatly enhance oxygen-
ation, lessen postoperative atelectasis, and increase lung 
compliance. During laparoscopic procedures, the lung 
recruitment approach can raise end-tidal lung capacity, 
boost compliance, and lessen chest wall flexibility. [10] 

Lung-protective ventilation methods that incorporate 
individualized PEEP are crucial for halting alveolar col-
lapse and maximizing oxygenation. Common approaches 
to personalized PEEP titration include the use of electri-
cal impedance tomography, image monitoring, the opti-
mal oxygen method, the ideal lung compliance method, 
the P-V curve method, the driving pressure method, and 
the optimal oxygen method. To reduce the perioperative 
incidence in patients with COPD and reduce the bur-
den on patients and society, we designed an experiment 
to set up a randomized controlled trial in patients with 
COPD undergoing laparoscopic gastrointestinal surgery. 
After evaluating the driving pressure and pulmonary 
ultrasound, we established the individualized PEEP lung 
protection and ventilation strategy, and observed the 
protection of lung function in patients undergoing lapa-
roscopic gastrointestinal surgery and the impact on post-
operative cognitive function based on lung protection.

Methods
Patients
This clinical experimental study was approved by the 
Medical Ethics Committee of the Second Affiliated Hos-
pital of Fujian Medical University [(2021) LSZ (No.424)], 
and informed consent of the patients and their family 
members were obtained. A total of 108 patients undergo-
ing laparoscopic gastrointestinal surgery combined with 
COPD under elective general anesthesia were enrolled, 
with ASA grades I–III, BMI < 30 kg/m2, no age or gender 
limitation, and a certain literacy level. All patients were 
eligible for FEV1/FVC < 70% following bronchodilator 
use, to establish a diagnosis of COPD.

Anesthesia protocol
Patients in all three groups were given mask inhalation 
of 100% oxygen for 5  min prior to induction, followed 
by intravenous injection of propofol 1  mg/kg, sufent-
anil 0.4  µg/kg, etomidate 0.2  mg/kg, and rocuronium 
0.5–0.6  mg/kg; tracheal intubation was performed fol-
lowing mask ventilation for 3–4  min. An anesthesia 
machine (Drager Tiro, Germany) was connected for the 
volume-controlled ventilation mode. Intraoperative anes-
thesia maintenance: Each of the three groups received 
continuous intravenous and inhaled anesthetic during 

the corresponding time points. Compared with group C, the MoCA score on day 7 after surgery in Group T was 
significantly higher (P < 0.05).

Conclusion  Compared with the traditional ventilation strategy, the individualized ΔP combined with LUS-based PEEP 
titration in patients with COPD during the perioperative period of laparoscopic surgery can play a better role in lung 
protection and can improve postoperative cognitive function.

Keywords  Chronic obstructive pulmonary disease (COPD), Cognitive function, Individualized PEEP, Interleukin-6 (IL-
6), Montreal Cognitive Assessment (MoCA), Pulmonary ultrasound (LUS)
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the procedure. Sevoflurane was administered at 1%, pro-
pofol at 3–8  mg/kg, remifentanil at 0.1–0.3  µg/kg min, 
and atracurium at 0.3–0.6 µg/kg min by inhalation. Vaso-
active agents were administered during the procedure to 
maintain mean arterial pressure within 20% of baseline 
and BIS values between 40 and 60. Patients were extu-
bated and given mask oxygen in the PACU following sur-
gery; patients with a Steward score > 6 were sent back to 
the ward 30 min later. The unified intravenous analgesia 
mode was adopted for all patients.

Mechanical ventilation protocol
The patients were divided into three groups according to 
the random number table, with 36 patients in each group. 
The traditional volume control ventilation group (Group 
C): VT = 10*PBW mL/kg, fixed PEEP 0  cm H2O group 
[11]; fixed PEEP 5 cmH2O group (Group P): VT = 6*PBW 
ml/kg, PEEP = 5 cmH2O; and driving pressure combined 
with lung ultrasound titration of PEEP group; (Group 
T): VT = 6*PBW ml/kg + individualized PEEP. Predicted 
body weight (PBW) calculated by: Male, PBW = 50 + 0.91* 
(height-152.4); Female, PBW = 45.5 + 0.91* (height-152.4). 
Patients were given mask-administered oxygen, subjected 
to non-invasive monitoring of blood pressure, heart rate, 
ECG, and pulse oxygen saturation, and had venous access 
established after they arrived in the operating room. To 
monitor invasive blood pressure (IBP), a radial artery 
puncture was conducted while the patient was under 
local anesthesia with 0.5% lidocaine (IBP). The eight 
bilateral subareas of the lungs were also examined with 
ultrasound and scored.

In all three groups, tidal volumes were determined 
by PBW, and ventilation was performed in a volume-
controlled manner. The PetCO2 of patients in all three 

groups was maintained at 35–45 mmHg by regulating 
respiratory frequency. Group C was given traditional 
volume ventilation—VT = 10*PBW ml/kg, I:E = 1:2, PEEP 
value was 0. Group P was given a fixed PEEP value + lung 
recruitment lung protection ventilation—VT = 6*PBW 
ml/kg, I:E = 1:2, PEEP = 5 cmH2O. Group T was given 
individualized PEEP value + lung recruitment lung pro-
tection ventilation 15  min prior to mechanical ventila-
tion—VT = 6*PBW ml/kg, I:E = 1:2, PEEP = 5 cmH2O, and 
PEEP was set by driving pressure after 15 min of ventila-
tion, and evaluated according to preoperative and post-
operative pulmonary ultrasound score.

The specific method is as follows: Basic values were 
recorded prior to inducing anesthesia, and lung ultra-
sonography scores were recorded for all four chest 
quadrants while the patient was in the supine position. 
Manual lung recruitment was performed after 15 min of 
mechanical ventilation, and the following manual lung 
recruitment mode was used: The anesthesia machine’s 
pressure-limiting valve was adjusted to 30 cmH2O, and 
the airbag was slowly inflated and kept inflated for 10 s. 
After that, a pulmonary ultrasonography score was per-
formed after titrating the individual PEEP by driving 
pressure to find the PEEP value that corresponded to the 
lowest Pplat-PEEP value. If it was found that the lung 
ultrasound score was greater than the basic score, man-
ual lung recruitment was performed until the lung ultra-
sound score in this area was lower, and then the PEEP 
value was increased by 1–2 cmH2O based on the PEEP 
value corresponding to the minimum value of Pplat-
PEEP for ventilation. If there was no change in the four-
quadrant score of the chest compared with that prior 
to induction, the PEEP value was used as the final value 
for ventilation, and the PEEP value was used for ventila-
tion until the end of the operation if it did not affect the 
operation.

Pulmonary ultrasound scoring method
While the patient was lying in the supine position, the 
parasternal line and anterior axillary line were used to 
separate the chest into front and side sections, and the 
connecting line of the bilateral thoracic nipples was used 
to split each breast into four quadrants (Fig. 1). The pul-
monary ultrasound scoring was conducted according to 
the experimental method steps described in Monastesse 
et al. [12] (Fig.  2 shows the images of different ultra-
sound scoring values for the patient in the experiment). 
Ultrasonic scoring criteria: Each of the eight quadrants 
was given a score between 0 and 3 based on the results 
of the ultrasonic examination, and the total was then cal-
culated. A higher score indicated more severe ventilation 
loss. Calculation of pulmonary ultrasound (LUS) score 
(0–24): 0 points, 0–2 B-lines; 1 point, ≥ 3 B-lines or 1 or 
more subpleural small consolidation separated by normal 

Fig. 1  Eight-region lung subarea. Note: Parasternal line (PSL); anterior 
axillary line (AAL); ultrasound examination of the lungs divided into four 
quadrants: 1. Upper anterior lung area; 2: Anterior inferior lung area; 3. Su-
perior lung area; 4. Inferior lung area
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pleural lines; 2 points, coalescent B lines or multiple sub-
pleural small consolidations separated by thickening or 
irregular pleural line; 3 points, consolidation or small 
subpleural consolidation with a diameter > 1*2 cm.

Outcomes
The results of the Montreal Cognitive Assessment Scale 
(MoCA) after the operation, were taken as the primary 
outcome. The time points were set as follows: one day 
before surgery (T0), before induction (T1), 15 min after 
intubation (T2), 30  min after pneumoperitoneum (T3), 
and at the end of pneumoperitoneum (T4), 30 min after 
entering the resuscitation room (T5), 2 days after sur-
gery (T6), and 7 days after surgery (T7). At T0, T6, and 
T7, the three groups of patients were assessed using the 
MoCA. At T0, T5, and T6, the venous blood of the three 
groups was taken to check interleukin-6 (IL-6) levels. At 
T1, T3, T4, and T5, the arterial blood gas was detected, 
and PaO2 and oxygenation index (Pao2/FiO2 and P/F) 
were recorded. At T2, T3, and T4, the airway platform 

pressure (Pplat) and dynamic lung compliance (CDYN) 
were recorded; at T4, the final PEEP level of group T 
was recorded. Other general data were recorded includ-
ing sex, age, hypertension, diabetes, BMI, carbon dioxide 
pneumoperitoneum time, and volume of intake and out-
put. Removal criteria: The surgery was changed to open 
surgery during the operation, and the patient was trans-
ferred to the ICU after the operation.

Statistics and sample size calculation
SPSS19.0 software was used to conduct statistical analy-
sis on the collected data. The measurement data are 
expressed as mean ± standard deviation or quartile (25%, 
75%), and the counting data are expressed in the form of 
examples and percentages. The variance F test or rank 
sum test was used for comparison between measure-
ment data groups. Repeated measurement ANOVA was 
used to compare different time points in the group. The 
chi-squared test was used to compare the counting data 

Fig. 2  Lung ultrasound images with different scores. Note: The white arrow is the A line; the blue arrow is the B line; the red arrow is the gathering B 
line; yellow arrows are subpleural nodules; the green arrow is the discontinuous pleura. The above figure shows the ultrasound images of the patients 
with different scores. Figure A: normal pleura and A line, rated as 0; Figure B: Discontinuous pleura and multiple B lines, rated as 1 point; Figure C: Several 
gathered B lines, rated as 2 points; Figure D: Subpleural consolidation with diameter > 2 cm, rated as 3 points
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groups. In addition, α = 0.05 was used as the test level for 
comparison between groups.

According to the results of the previous experiment, 
when MoCA was used as the primary outcome, Group C, 
Group P, and Group T had MoCA scores of 23.65 ± 2.39, 
25.00 ± 2.00, and 25.95 ± 3.07 on the 7th day following 
surgery, respectively. The PASS 15.0 software was used 
to conduct a one-way variance test analysis with α = 0.05 
and β = 0.2 set, and the power of this study was 80% for 
the 36 patients in each group.

Results
There was no statistically significant difference among 
the three groups in gender, age, hypertension, diabetes, 
pneumoperitoneum length, BMI, and output (P > 0.05). 
The final PEEP value in the T group was (6.4 ± 1.2) cm 
H2O and showed statistically significant difference when 
compared with that in the P group (P < 0.05) (Table 1).

There was no statistically significant difference in Cdyn 
among the three groups at the T2 time point (P > 0.05, 
F = 1.086), but there were statistically significant differ-
ences at T3 and T4 time points (P < 0.05, F = 6.196). Com-
pared with groups C and P, Cdyn in Group T increased 
significantly at T3 and T4 time points, with statistically 
significant difference (P < 0.05). There was no statisti-
cally significant difference of Cdyn in Group T at T4 and 

T2 time points (P > 0.05). Compared within the Cdyn 
group in groups C and P, T4 was significantly lower than 
T2, and there was a statistically significant difference 
(P < 0.05) (Table 2).

There was no statistically significant difference in P/F 
among the three groups at the T1 time point (P > 0.05, 
H = 0.059), but there were statistically significant differ-
ences at T3, T4, and T5 time points (P < 0.05). Compared 
with groups C and P, P/F in Group T was significantly 
increased at T3 and T5 time points, and there was a sta-
tistically significant difference (P < 0.05). Compared with 
Group C, P/F in groups T and P increased significantly at 
the T4 time point, with statistically significant difference 
(P < 0.05). There was no statistically significant difference 
in P/F within Group T at T5, T4, and T1 time points 
(P > 0.05). Compared with T4, T3, and T1 time points, 
P/F and T5 within groups C and P decreased signifi-
cantly, with a statistically significant difference (P < 0.05). 
There was no statistically significant difference in P/F 
within Group P at T4, T3, and T1 time points (P > 0.05) 
(Table 3).

There were statistically significant differences in IL-6 
values among the three groups at the T6 time point 
(P < 0.05). Compared with groups C and P, the IL-6 value 
in Group T decreased significantly at T6 time point, and 
there was a statistically significant difference (P < 0.05). 
Compared with the IL-6 value within Group T, it was sig-
nificantly lower at T6 than at T5, with a statistically sig-
nificant difference (P < 0.05). The values of IL-6 in groups 
C and P at the T6 and T5 timepoints were significantly 
higher than those at T0, and there was a statistically sig-
nificant difference (P < 0.05); compared with T5, T6 was 

Table 1  General information of the three groups (n = 36)
Obser-
vation 
index

Group C Group P Group T H/F P 
value

Gender 
(Male) 
(%)

19 (52.8%) 21 (58.3%) 21 (58.3%) 0.301 0.860

Age 
(x̄  ± s)

61.5 ± 9.6 65.3 ± 8.9 63.8 ± 10.6 1.352 0.263

Hyper-
tension 
(Yes) 
(%)

7(19.4%) 9(25.0%) 8(22.2%) 0.321 0.852

Diabe-
tes (Yes) 
(%)

6(16.7%) 5(13.9%) 7(19.4%) 0.400 0.819

Pneu-
moperi-
toneum 
duration 
(x̄  ± s) 
(min)

135.8 ± 44.3 122.1 ± 40.3 128.5 ± 40.0 0.938 0.935

BMI(x̄ ± s) 22.2 ± 2.6 21.9 ± 3.0 21.9 ± 2.3 0.165 0.848

Output 
(x̄  ± s) 
ml

538.7 ± 267.5 531.9 ± 237.5 549.1 ± 261.2 0.044 0.957

PEEP 
values 
(cm 
H2O)

0 5 6.4 ± 1.2 7.059 < 0.001

Output: the total amount of bleeding and urine during the operation

Table 2  Comparison of Cdyn (ml/cmH2O) in the three groups at 
each time point (n = 36, x̄ ± s)
Time Group C Group P Group T F P 

value
T2 32.58 ± 4.77 33.47 ± 5.73 34.81 ± 8.40 1.086 0.341

T3 20.56 ± 2.65 22.50 ± 4.08 25.87 ± 4.20a 18,874 < 0.001

T4 27.94 ± 3.97 cd 28.7 ± 4.90 cd 31.50 ± 4.54bcd 6.196 0.003
Note: Compared with groups C and P, at T3 and T4, aP < 0.05, bP < 0.05. In group T: 
Compared with T2, cP > 0.05; Compared with T3, dP < 0.05. In Group P: Compared 
with T2, cP < 0.05; Compared with T3, dP < 0.05. In Group C: Compared with T2, 
T3, cP < 0.05, dP < 0.05

Table 3  P/F at each time point in the three groups (n = 36, x̄ ± s)
Time Group C Group P Group T F /H p
T1 423 ± 74 415 ± 58 416 ± 55 0.059 0.971

T3 398 ± 62 418 ± 55 454 ± 51a 9.1 < 0.001

T4 377 ± 59e 423 ± 40bd 445 ± 40b 15.9 < 0.001

T5 340 ± 104c 67 ± 56c 417 ± 52ac 11.6 < 0.001
Note: Compared with groups C and P, at T3 and T5, aP < 0.05; Compared with 
Group C, at T4, bP < 0.05; In Group T: Compared with T1 and T4, cP > 0.05; In Group 
P: Compared with T1, T3, and T4, cP < 0.05, compared with T1 and T3, dP > 0.05; 
In Group C: Compared with T1, T3, and T4, cP < 0.05, compared with T1, eP > 0.05
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improved, but there was no statistically significant differ-
ence between T6 and T5 (P > 0.05) (Table 4).

The MoCA scores of the three groups had statistically 
significant difference at time point T7 (P < 0.05). Com-
pared with Group C, the MoCA score of Group T was 
significantly higher at time point T7, and there was a 
statistically significant difference (P < 0.05). There was no 
significant difference in MoCA scores in Group T at T1, 
T6, and T7 time points (P > 0.05). The MoCA scores at T7 
and T6 time points in groups P and C were significantly 
lower than those at time point T1, and there were statisti-
cally significant differences (P < 0.05). Table 5.

Discussion
Previous research has shown that applying protective 
ventilation to the lung during mechanical ventilation 
after surgery improves oxygenation and lung mechan-
ics, decreases the loss of alveolar switch and lung elastic 
retraction force, raises lung compliance, and boosts lung 
function. [11, 13–15] There have been many studies on 
the setting of PEEP level during surgery, but they have 
remained controversial. [16, 17] In clinical practice, the 
driving pressure method (ΔP, calculated as the platform 
pressure Pplat minus PEEP) has attracted much atten-
tion to titrate individualized PEEP; we considered the 
corresponding PEEP value when the minimum driving 
pressure was selected. A low ΔP may reduce major post-
operative pulmonary complications (PPCS), including 
acute respiratory distress syndrome (ARDS), pneumo-
nia, pulmonary edema, need for reintubation, pulmonary 
infection, and lung barotraumas. [18] However, as ΔP 
is affected by respiratory parameters and lung compli-
ance, it is not known whether ΔP is also suitable for lap-
aroscopic surgery in patients with COPD. In this study, 

we studied the protection of lung function by using ΔP 
combined with lung ultrasound score to evaluate individ-
ualized PEEP for patients with COPD undergoing lapa-
roscopic abdominal surgery. The lung ultrasound score is 
less impacted by respiratory parameters and lung compli-
ance on ΔP. Intuitive image guidance of lung ultrasound 
can ensure double lung ventilation during perioperative 
mechanical ventilation and prevent the occurrence of 
atelectasis or insufficient ventilation during periopera-
tive mechanical ventilation. In this study, the final value 
of (6.4 ± 1.2) cmH2O in the individualized PEEP group 
was statistically different from that in the fixed PEEP 5 
cmH2O group; and the lung compliance in the individu-
alized PEEP lung protection ventilation group was higher 
than that in the fixed PEEP value group and the tradi-
tional volume ventilation group at 30  min and the end 
of pneumoperitoneum. This finding implies that PEEP 
values of 5 cmH2O and below in the fixed-value PEEP 
group and the traditional volume ventilation group are 
insufficient to sustain the opening of the alveoli, leading 
to partial alveolar collapse once again during the proce-
dure. Patients in the individualized PEEP group, however, 
showed greater individual variation and could more flex-
ibly maintain alveolar openness and lung compliance. At 
the same time, the lung oxygenation of patients in the 
individualized PEEP group was significantly higher than 
that in the fixed-value PEEP group and the traditional 
lung ventilation group. There was no statistically signifi-
cant difference in the oxygenation index between resus-
citation room + at the end of pneumoperitoneum and 
before operation in the individualized PEEP group—this 
may be due to the proper PEEP value being maintained 
in the individualized PEEP group, which can aid in open-
ing and maintaining alveoli, so that oxygen molecules can 
better diffuse into the blood; these results are consistent 
with previous studies. The results of this study show that 
driving pressure combined with lung ultrasound titra-
tion of individualized PEEP can better titrate PEEP for 
patients with COPD. Combined with lung recruitment, 
it can keep more alveoli open, improve gas exchange, 
improve the oxygenation function and lung compliance, 
prevent postoperative pulmonary complications, and 
play a protective role in lung function to some extent.

Mechanical ventilation and surgical trauma increase 
pulmonary vascular permeability, leading to pulmonary 

Table 4  Comparisons of IL-6 (ng/ml) in the three groups at each time point
Time Group C, n = 36 Group P, n = 36 Group T, n = 36 Chi-square value P 

value
T0 (0.003975,0.015200) (0.003675,0.014175) (0.002900,0.012500) 1.728 0.422

T5 (0.018950,0.088600) (0.014350,0.069775) (0.012925,0.033750) 5.937 0.051

T6 (0.017500,0.070075)c (0.022575,0.061775)c (0.009400,0.019550)abc 28.134 < 0.001
Data were expressed as quartile (25%, 75%)

Note: Compared with groups C and P, at T6, aP < 0.05. In Group T: Compared with T5 and T0, bP < 0.05; Compared with T5, cP < 0.05; Group P: Compared with T5, cP > 
0.05; Group C: Compared with T5, cP > 0.05.

Table 5  Comparison of MoCA in the three groups at each time 
point, n = 36, quartile (25%, 75%)
Time Group C Group P Group T Chi-

square 
value

P 
value

T0 (19.00,27.75) (18.50,27.00) (17.00,26.75) 0.807 0.668

T6 (14.50,24.00) (16.50,23.75) (14.25,24.00) 0.059 0.971

T7 (12.25,22.00)cd (17.00,23.75)cd (16.00,26.00)ab 7.978 0.019
Note: Compared with Group C, at T7 time point, aP < 0.05. In Group T: Compared 
with T6 and T0, bP > 0.05; In Group P: Compared with T6, cP > 0.05, compared with 
T0, dP < 0.05; Group C: Compared with T6, cP > 0.05, compared with T0, dP < 0.05
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edema, pulmonary infection, and systemic inflamma-
tory response syndrome. This is because they stimulate 
inflammatory cells, activate multiple inflammatory signal 
transduction pathways, and produce numerous inflam-
matory cytokines. [19–21] The existing evidence of 
medium-and high-quality observational studies indicate 
that POCD is related to the concentration of peripheral 
inflammatory markers, and some of these markers, such 
as CRP and IL-6, play a role in POCD. [22–25] In this 
study, the driving pressure combined with individualized 
LUS-based PEEP titration could better improve the lung 
compliance of patients during the operation. Compared 
with fixed-value PEEP and traditional volume ventilation, 
it could significantly increase the oxygenation of patients 
during the perioperative period and has the effect of 
significantly improving lung function. IL-6 levels of the 
individualized PEEP group on the 2nd day after opera-
tion were significantly lower than those of the fixed-value 
PEEP group and the traditional volume ventilation group. 
IL-6 level on the 2nd day after operation was significantly 
lower than that in the resuscitation room 30  min after 
operation. IL-6 values in both groups of the fixed-value 
PEEP group and the traditional volume ventilation group 
were significantly increased compared with those on the 
2nd day after surgery and after 30 min in the resuscita-
tion room, and the improvements on the 2nd day after 
surgery compared with those in the resuscitation room 
for 30 min showed no statistically significant difference. 
At the same time, the MoCA scores of the individualized 
PEEP group on the 2nd and 7th days after operation were 
higher than those of the other two groups, and there was 
statistically significant difference. There was no statisti-
cally significant difference between the pre-operation and 
post-operation MOCA scores in the individualized PEEP 
group. The MoCA scores on the 2nd and the 7th days 
after surgery in the fixed-value PEEP group and the tradi-
tional volume ventilation group were significantly lower 
than those before surgery, and there were statistically sig-
nificant differences. There was no statistically significant 
difference in MOCA scores on the 2nd and the 7th days 
after surgery between the fixed PEEP value group and the 
traditional volume ventilation group. Through the results 
of this study, it is evident that the driving pressure and 
LUS-based PEEP titration strategy can reduce the IL-6 
level of patients with COPD after laparoscopic surgery 
and improve the postoperative cognitive function score, 
and it plays a certain role in improving and preventing 
the cognitive dysfunction of patients after surgery.

Patients with a body mass index (BMI) > 30 were 
excluded from this study because of the known asso-
ciation between obesity and decreased residual lung 
volume and increased lung complications; however, the 
study did not restrict or compare patients based on their 
COPD severity or preoperative lung function, which 

could introduce some population bias. Furthermore, 
this study may have been biased due to the difficulty in 
studying intrinsic PEEP and air trapping in patients with 
COPD undergoing mechanical ventilation due to the 
unpredictable shifts in patient position and pneumoperi-
toneal pressure that occur during laparoscopic surgery. 
The MoCA score at T6 for Group T was lower than the 
MoCA score at T7 in this study. Changes in cognitive 
function in patients with COPD after general anesthe-
sia need to be monitored, as demonstrated by declines 
in MoCA score from baseline (T0) in the three study 
groups. Patients with COPD who receive individual-
ized PEEP have better cognitive function after surgery, 
as evidenced by the higher MoCA score at T7 in Group 
T. In this study, we used a manual recruitment tech-
nique, although there is mounting evidence that such an 
approach negatively affects patient outcomes, suggesting 
that a mechanical recruitment maneuver be used instead 
in future research and clinical practice.

There are some limitations to this study: (1) The 
patients included in this study were patients who under-
went laparoscopic gastrointestinal surgery. Due to the 
different surgical positions, the pressure factors of the 
position on the chest cavity were not considered. Patients 
should be recruited for future trials based on their surgi-
cal position and procedure type to minimize the impact 
of the surgical positions on the research results and 
increase the accuracy of the research. (2) In this study, 
PEEP titration and lung ultrasonography examination 
were carried out only once following tracheal intubation 
to avoid interrupting the surgical procedure. It is pos-
sible that the research results do not accurately reflect 
the actual scenario because individual PEEP titration 
was not done throughout the surgery, coupled with the 
shift in body posture and the extension of the operation 
period. Individualized PEEP titration should, in theory, 
be performed every 30  min at most. (3) The results of 
this investigation should be confirmed by future studies 
with larger samples and more participants, as it is a sin-
gle-center study with a limited sample size. (4) We were 
unable to examine the effect of individualized PEEP lung 
protection ventilation on long-term cognitive function 
following surgery due to our focus on short-term out-
comes within the first seven days after surgery and our 
failure to assess MoCA scores at later time points.

In conclusion, using the driving pressure approach and 
pulmonary ultrasound assessment as part of an individu-
alized PEEP titration lung protection ventilation strategy 
can improve perioperative lung function in patients with 
COPD and safeguard postoperative cognitive function.

Acknowledgements
We would like to acknowledge the hard and dedicated work of all the staff 
that implemented the intervention and evaluation components of the study.



Page 8 of 8Luo et al. BMC Pulmonary Medicine          (2023) 23:232 

Authors’ contributions
Conception and design of the research: CZY, LLF, LYM. Acquisition of data: 
ZXQ, LY, LCY. Analysis and interpretation of the data: WJH, GXH, LY. Statistical 
analysis: LYM, LCY, WJH. Obtaining financing: CZY. Writing of the manuscript: 
LLF, GXH, ZXQ. Critical revision of the manuscript for intellectual content: CZY, 
WJH. All authors read and approved the final draft.

Funding
Horizontal project of the Second Affiliated Hospital of Fujian Medical 
University(HX202204). Guiding (key) project of social development in Fujian 
Province (2022Y0028).

Data availability
All data generated or analysed during this study are included in this article. 
Further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
This study was conducted with approval from the Ethics Committee of the 
Second Affiliated Hospital of Fujian Medical University (2021 − 424). Approval 
date: November 26, 2021. This study was conducted in accordance with 
the declaration of Helsinki. Written informed consent was obtained from all 
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Anesthesiology, the Second Affiliated Hospital of Fujian 
Medical University, No.950 of Donghai street, Fengze District,  
Quanzhou 362000, China
2Department of Anesthesiology, The Second Hospital of Sanming, 
Sanming City 366000, Fujian Province, China

Received: 7 February 2023 / Accepted: 6 May 2023

References
1.	 WHO. Global Burden of Disease Website [EB/OL]. [2020-10-15].http://www.

who.int/topics/global_burden_of_disease.
2.	 Wang Y, Li X, Wei B, et al. Association between Chronic Obstructive Pulmo-

nary Disease and Dementia: systematic review and Meta-analysis of Cohort 
Studies. Dement Geriatr Cogn Dis Extra. 2019;9:250–9.

3.	 Ranzini L, Schiavi M, Pierobon A, et al. From mild cognitive impairment(MCI) 
to Dementia in Chronic Obstructive Pulmonary Disease. Implications for 
clinical practice and Disease Management: a Mini-Review. Front Psychol. 
2020;11:337.

4.	 Ouellette DR, Lavoie KL. Recognition, diagnosis, and treatment of cognitive 
and psychiatric disorders in patients with COPD. Int J Chron Obstruct Pulmon 
Dis 2017 Feb 16;12:639–50.

5.	 Androsova G, Krause R, Winterer G, et al. Biomarkers of postoperative delirium 
and cognitive dysfunction. Front Aging Neurosci. 2015;7:1347–16.

6.	 Liu B, Huang D, Guo Y, et al. Recent advances and perspectives of postopera-
tive neurological disorders in the elderly surgical patients. CNS Neurosci Ther. 
2022 Apr;28(4):470–83.

7.	 WEI S, LI S, DONG H, et al. Effects of lung protective ventilation on the cogni-
tive function level of patients with esophageal cancer. Iran J Public Health. 
2019;48(2):256–61.

8.	 Zhu L, Shi H, Zhu C, et al. Impact of permissive hypercapnia on regional 
cerebral oxygen saturation and postoperative cognitive function in 

patients undergoing cardiac valve replacement. Ann Palliat Med. 2020 
Nov;9(6):4066–73.

9.	 Girrbach F, Petroff D, Schulz S, et al. Individualised positive end-expiratory 
pressure guided by electrical impedance tomography for robot-assisted 
laparoscopic radical prostatectomy: a prospective, randomised controlled 
clinical trial. Br J Anaesth. 2020;125:373–82.

10.	 Ellenberger C, Pelosi P, de Abreu MG et al. PROBESE investigators, of the PRO-
tective VEntilation Network (PROVEnet); Clinical Trial Network of the Euro-
pean Society of Anaesthesiology and Intensive Care (ESAIC). Distribution of 
ventilation and oxygenation in surgical obese patients ventilated with high 
versus low positive end-expiratory pressure: A substudy of a randomised 
controlled trial. Eur J Anaesthesiol. 2022 Nov 1;39(11):875–884.

11.	 Ferrando C, Soro M, Unzueta C, et al. Individualised perioperative open-
lung approach versus standard protective ventilation in abdominal 
surgery (iPROVE): a randomised controlled trial. Lancet Respir Med. 
2018;6(3):193–203.

12.	 Monastesse A, Girard F, Massicotte N, et al. Lung ultrasonography for the 
assessment of perioperative atelectasis: a pilot feasibility study. Anesth Analg. 
2017;124(2):494–504.

13.	 Rauseo M, Mirabella L, Grasso S,et a1.Peep titration based on the open lung 
approach during one lung ventilation in thoracic surgery:a physiological 
study.BMC, Anesthesiology. 2018,18(1):156.

14.	 Fernandez-Bustamante A, Sprung J, Parker RA, et al. Individualized PEEPto 
optimise respiratory mechanics during abdominal surgery: a pilot ran-
domisedcontrolled trial. Brit J Anaesth. 2020;125(3):383–92.

15.	 Young CC, Harris EM, Vacchiano C, et al. Lung-protective ventilation for the 
surgical patient: international expert panel-based consensus recommenda-
tions. Br J Anaesth. 2019;123:898–913.

16.	 Chun EH, BaLk HJ, Moon HS. Et a1.Comparison to flow and high positive 
end-expiratory pressure during low tidal volume ventilation in robotic 
gynaecological surgical patients using electrical impedance tomography: a 
randomized controlled trial. Eur J Anaesthesiol. 2019;36(9):641–8.

17.	 Antini D. Huhle L,Herrmann J,et a1.Respiratory system mechanics during 
low Versus High positive end-expiratory pressure in Open Abdominal 
surgery:a Substudy of PROVHILO Randomized Controlled Trial.Anesth 
Analg,2018,126(1):143–9.

18.	 Pereira SM, Tucci MR, Morais CCA, et al. Individual positive end-expiratory 
pressure settings optimize intraoperative mechanical ventilation and reduce 
postoperative atelectasis. Anesthesiology. 2018 Dec;129(6):1070–81.

19.	 Katira BH. Ventilator-Induced Lung Injury: Classic and Novel Concepts. Respir 
Care. 2019 Jun;64(6):629–37.

20.	 Li J, Cai B, Yu D et al. Pressure-controlled ventilation-volume guaranteed 
Mode combined with an Open-Lung Approach improves lung mechanics, 
oxygenation parameters, and the inflammatory response during one-
lung ventilation: a Randomized Controlled Trial. Biomed Res Int 2020 Apr 
29;2020:1403053.

21.	 Monjezi M, Jamaati H, Noorbakhsh F. Attenuation of ventilator-induced lung 
injury through suppressing the pro-inflammatory signaling pathways: a 
review on preclinical studies. Mol Immunol. 2021 Jul;135:127–36.

22.	 Andrianopoulos V, Gloeckl R, Vogiatzis I, et al. Cognitive impairment in COPD: 
should cognitive evaluation be part of respiratory assessment? Breathe 
(Sheff ). 2017;13(1):e1–e9.

23.	 Kline R, Wong E, Haile M, et al. Peri-operative inflammatory cytokines in 
plasma of the Elderly correlate in prospective study with postoperative 
changes in cognitive test scores. Int J Anesthesiol Res. 2016;4:313–21.

24.	 Chen J, Fang WX, Li SJ, Xiao SX, Li HJ, Situ YL. Protective effect of ginsenoside 
rd on lipopolysaccharide-induced acute lung injury through its anti-inflam-
matory and anti-oxidative activity. World J Tradit Chin Med. 2021;7:383–90.

25.	 Goldsmith DR, Haroon E, Miller AH, et al. TNF-α and IL-6 are associated with 
the deficit syndrome and negative symptoms in patients with chronic 
schizophrenia. Schizophr Res. 2018;199:281–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://www.who.int/topics/global_burden_of_disease
http://www.who.int/topics/global_burden_of_disease

	﻿Effect of individualized PEEP titration by ultrasonography on perioperative pulmonary protection and postoperative cognitive function in patients with chronic obstructive pulmonary disease
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿Anesthesia protocol
	﻿Mechanical ventilation protocol
	﻿Pulmonary ultrasound scoring method
	﻿Outcomes
	﻿Statistics and sample size calculation


	﻿Results
	﻿Discussion
	﻿References


