Zhang etal. BMC Cancer ~ (2025) 25:927 BMC Cancer
https://doi.org/10.1186/s12885-025-14321-7

Effects of individualized PEEP 2
on pulmonary function, cerebral blood

flow and postoperative cognitive function

in patients undergoing laparoscopic radical
resection of rectal cancer

Xiaoyan Zhang'", Jingjing Zhang'", Caixia Zhao', Yichao Cai', Qing Yang', Caixia Yue' and Kan Li""

Abstract

Objective To evaluate the effects of individualized PEEP on pulmonary function, cerebral blood flow, and
postoperative cognitive function in patients undergoing laparoscopic radical resection of rectal cancer.

Methods 100 patients who underwent laparoscopic radical rectal cancer surgery at our hospital between August
2021 and May 2023 were randomized into two groups: the DP group (optimal PEEP group oriented to driving
pressure) and the Cdyn group (optimal PEEP group oriented to pulmonary compliance). Anesthesia was induced in
both groups with 0.3 mg/kg of remizolam +0.15 mg/kg of CIS atracurium+ 0.5 ug/kg of sufentanil. Lung ultrasound
score (LUS), peak and plateau airway pressures (PEAK, PLAT), oxygenation index (Ol), driving pressure (DP), and
pulmonary dynamic compliance (Cdyn) were measured at different time points. Cerebral blood flow and cognitive
function were also assessed. T: before induction of anesthesia; T,: before postoperative extubation of the tracheal
tube; T,: 1 h after extubation; T5: on the third postoperative day; T,: 5 min after determining the optimal PEEP; Ts: 1 h
after the establishment of pneumoperitoneum; T¢: 2 h after the establishment of the pneumoperitoneum; T,: 20 min
at the end of pneumoperitoneum.

Results There were no significant differences in general information between the two groups, P>0.05. Compared
with the DP group, the Cdyn group had lower LUS at T;, higher PEAK at T;, T, and T, lower PLAT and Ol at Ty and T,
lower DP atT,, T, and T, and lower Cdyn at T, and T,, P<0.05. The Cdyn group had lower cerebral blood flow at T,
and T, P<0.05. The Cdyn group had higher cognitive function at stage T as assessed by MMSE, P<0.05.

Conclusion PEEP guided by lung compliance improves pulmonary function, cerebral blood flow, and cognitive
function, offering clinical benefits.
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Colorectal carcinoma is a common pernicious tumor
with high morbidity and mortality. The clinical charac-
teristics of the disease mainly include the depth of inva-
sion, lymph node metastasis, organ metastasis, vascular
invasion, etc. [1]. With the continuous progress of clinical
medical technology, laparoscopic technology is more and
more widely used in clinics, especially for patients with
colorectal carcinoma, which has the advantages of good
safety and low trauma [2-3]. However, due to the special
anatomical location of colorectal cancer, carbon dioxide
gas needs to be injected into the intra-abdominal cavity
during surgery in order to form a pneumoperitoneum so
as to ensure a clear surgical field and full exposure. This
operation leads to an increase in intra-abdominal pres-
sure, which causes the diaphragm to shift upward and the
volume of the chest cavity to decrease, ultimately leading
to a decrease in the compliance of the lungs. Studies have
shown that pneumoperitoneum can result ina 1 to 3 cm
shift of the diaphragm and a reduction in lung volume [4].
At the same time, the increase in intra-abdominal pres-
sure causes an increase in intrathoracic pressure, which
in turn affects the mechanics of the respiratory system,
resulting in a significant increase in peak and plateau air-
way pressures [5]. This pathophysiologic change may not
only trigger an increase in intracranial pressure, but also
negatively affect lung function, leading to an increased
risk of complications such as pulmonary atelectasis [6—
7]. In this context, the use of PEEP protective ventilation
strategy is particularly important, which can effectively
improve ventilation, reduce the probability of local alveo-
lar collapse caused by compressed air tissue in the lungs,
provide the necessary compensatory pressure for col-
lapsed alveoli, promote alveolar re-expansion, optimize
pulmonary hemodynamics, and reduce the phenomenon
of pulmonary vascular shunting. However, due to the lim-
itations of research and individualized differences in clini-
cal practice, the fixed PEEP setting is often not suitable
for all patients. Compared with fixed PEEP, individualized
PEEP has significant advantages in improving respira-
tory mechanics and reducing the frequency and sever-
ity of atelectasis [8]. At present, there are many ways to
set individualized PEEP in the clinic. Studies have shown
that PEEP guided by lung compliance can greatly improve
respiratory mechanics, increase oxygen supply, and help
reduce ventilator-associated lung injury and postopera-
tive atelectasis [9-10]. Nowadays, the two methods have
not been studied simultaneously in clinics. Based on this,
this study applied the two different methods to With the
continuous progress of clinical medical technology, lapa-
roscopic technology is more and more widely used in

clinics, especially for patients with colorectal carcinoma,
which has the advantages of good safety and low trauma
undergoing laparoscopic radical resection of rectal carci-
noma, in order to provide a more optimized scheme for
guiding the best positive end expiratory pressure in clini-
cal practice, so that patients can obtain lung protection to
the greatest extent, and better improve patients’ postop-
erative lung function.

Data and methods

General data

All of 100 patients who underwent laparoscopic radical
resection of rectal carcinoma in our hospital from August
2021 to May 2023 were regarded as the study objects.
The sample size used in this study was determined based
on the expected effect size, significance level, statisti-
cal power, and available resources. Based on previous
experiments and literature review, the expected effect
size was estimated to be medium, the significance level
was set at 0.05, and the statistical power was set at 0.80.
Using the G*Power software, it was calculated that a
minimum of 45 participants were needed for each group.
To enhance the robustness of the study, the final sample
size for each group was set at 50 participants. This sam-
ple size was considered statistically sufficient to detect a
medium effect. The patients were randomly divided into
two groups: DP group (the best PEEP group guided by
driving pressure) and Cdyn group (the best PEEP group
guided by lung compliance). Inclusion criteria: © Patients
who aged 60-80; @ ASA classification was class II-III;
® Patients with complete clinical data; @ Patients with
normal pulmonary function before operation. Exclusion
criteria: ©® Patients with respiratory illnesses (chronic
obstructive pulmonary illness, asthma, pulmonary bul-
lae, recent upper respiratory tract infection, previous his-
tory of chest surgery); @ Patients with obstructive sleep
apnea syndrome; ® Patients with serious liver and kidney
illnesses; @ Patients with atelectasis and conversion to
laparotomy before operation. This study was conducted
in accordance with the ethical regulations of the Decla-
ration of Helsinki. The study was approved by the Eth-
ics Committee of Zhangjiakou First Hospital (approval
number: 2023-KY-48). Written informed consent was
obtained from all patients before their participation in
the study.

Methods
Guidance method

In the DP group, driving pressure was used to guide the
best PEEP: PEEP was increased from 2cmH,0 in steps (2,
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3,4,5,6,7,8,9, 10 cm H,0). After each PEEP level was
maintained for 10 respiratory cycles, the airway plateau
pressure of each PEEP level in the last respiratory cycle
was recorded in turn, and the driving pressure was cal-
culated. The best individualized PEEP was determined
by selecting the PEEP value corresponding to the lowest
driving pressure [11].

In the Cdyn group, lung compliance was used to
guide the best PEEP: PEEP decrement titration was per-
formed under the guidance of lung compliance [12]:
After PEEP =16cmH,O was set to maintain five ventila-
tion cycles, PEEP was down regulated with 2 cmH,O as a
step until PEEP =0, and each PEEP level was maintained
for five ventilation cycles and then lung compliance was
recorded; the PEEP value corresponding to the maximum
lung compliance was set as the optimal individualized
PEEP for patients. Lung compliance: VT/ (PEAK-PEEP).

The different time intervals for maintaining PEEP in
the two groups were based on the following consid-
erations: In the DP group, a longer time was needed to
accurately calculate the driving pressure and find the
PEEP level corresponding to the lowest driving pressure.
In the Cdyn group, the maximum lung compliance could
be quickly reached and recorded after starting from a
higher PEEP level and reducing it stepwise, so a shorter
time interval was sufficient.

Anesthesia method

Anesthesia induction: It was performed by Remifentanil
of 0.3 mg/kg + CIS atracurium of 0.15 mg/kg+ sufentanil
of 0.5ug/kg; anesthesia maintenance: It was performed
by Remifentanil of 0.1~0.2ug/kg/min + CIS atracurium of
1~2ug/kg/min + remidazolam of 1~3mg/kg/h.

Observation indexes

The lung ultrasound scores (LUS) were detected before
anesthesia induction (T,), before tracheal catheter with-
drawal after surgery (T,), 1 h after extubation (T,), and
the third day after surgery (T;), and the levels of peak air-
way pressure (PEAK), plateau airway pressure (PLAT),
oxygenation index (OI), driving pressure (DP), and pul-
monary dynamic compliance (Cdyn) were detected at
5 min after the determination of the best PEEP (T,), 1 h
after the establishment of pneumoperitoneum (T;), 2 h
after the establishment of pneumoperitoneum (T), and
20 min at the end of pneumoperitoneum (T);observation
of Ty, Ty, and T middle cerebral artery flow velocities in
two groups of patients; the points of Mini Mental State
Examination (MMSE) at T, were observed in the two
groups.

Scoring criteria
Lung ultrasound was performed by using an eub-5500
ultrasound machine. The patient’s chest was divided into
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Table 1 The clinical data compared between the 2 groups

Grouping Age (years) Gender BMI (kg/m?)
Male Female
DP group (n=50) 55.00+6.20 22 (44.00) 28(56.00) 24.25+3.20

Cdyn group (n=50) 56.00+5.00 24 (4800) 26 (52.00) 23.56+458
¢ 0.888 0.161 0865
P 0377 0.688 0.389

Table 2 Comparison of LUS between the 2 groups (Z £ s,

Points)

Grouping T, T, T, T3

DP group (n=50) 0 12.50+2.20 10.50+£250  9.52+081
Cdyngroup (n=50) 0 1320+£350  1056+1.80  6.20+£057
t - 1.198 0.138 23.602

P - 0.234 0.891 <0.001

12 lung areas by the anterior axillary line, the posterior
axillary line, and the 1 ¢cm line on the double nipples. The
LUS of each lung area was 0-3 scores, and the scores of
12 examination areas accumulated into the whole lung
LUS, with a full points of 0-36 scores. The larger the
point, the more serious the atelectasis was; the MMSE
scoring included 30 items, including language, memory,
calculation, attention, memory and orientation, with
a total score of 30 points. Cognitive impairment was
defined as MMSE score < 23 points.

Statistical methods

SPSS 22.0 statistical software was used for processing and
statistically analyzing the experimental data. The mea-
surement data were expressed in the form of mean + stan-
dard deviation (" y+s5), and the independent sample ¢-test
was used for comparison between the two groups; count
data were expressed in the form of percentage (%), and
conducted with y*-test. P<0.05 was set as the distinction
with statistical significance.

Results

Observation of the data in clinic of patients

It had no obvious distinction in the general data of age,
gender and BMI between the 2 groups, with P>0.05, see
Table 1.

Observation of the pulmonary function of the 2 groups of
patients

@ In the comparison of LUS between the two groups, the
difference between the T; and T, time periods was not
statistically significant, P>0.05, and in the T, time period,
the Cdyn group was lower than the DP group, P<0.05, as
shown in Table 2; Fig. 1A. This suggests that PEEP set-
tings guided by pulmonary compliance are more effective
in reducing pulmonary atelectasis, and that they contrib-
ute to improved patient oxygenation status and a lower
incidence of postoperative pulmonary complications.
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Fig. 1 The lung function compared between the 2 groups. Note: A is LUS scoring, B is PEAK, Cis PLAT, D is Ol, E is DP, and F is Cdyn

Table 3 The PEAK compared between the 2 groups (Z =+ s,

Table 4 The PLAT compared between the 2 groups (Z =+ s,

cmH,0) cmH,0)

Grouping T, Ts Te T, Grouping T, Ts Te T,

DP group 1222£130 2032+180 2322+120 2554+1.30 DP group 16384220 22504320 26.18+220 1850+3.60
(n="50) (n=50)

Cdyn group 1230+£120 2262+165 2646+130 30.50+1.20 Cdyn group 1520+£250 2080+£280 2250+280 16.50%2.20
(n=50) (n=50)

t 0.320 6.655 12.965 19.853 t 2.505 2.826 7.304 3.354

P 0.750 <0.001 <0.001 <0.001 P 0.014 0.006 <0.001 0.001

@ In the comparison of PEAK between the two groups,
the difference between the T, time period was not sta-
tistically significant, P>0.05, and in the T;, T; and T,
time periods, the Cdyn group was was higher than the
DP group, P<0.05, see Table 3; Fig. 1B. This may be
due to the improved lung tissue recuperation and com-
pliance in the Cdyn group after optimization of PEEP,
which resulted in relatively higher airway pressures at
the follow-up stage. And this higher airway pressure did
not lead to significant lung injury, but instead may have
helped to maintain the open state of the alveoli. ® In the
comparison of PLAT between the two groups, the differ-
ence in the T, and T, time periods was not statistically

significant, P>0.05, and in the T, and T, time periods,
the Cdyn group was lower than the DP group, P<0.05,
see Table 4; Fig. 1C. This suggests that the PEEP settings
in the Cdyn group were able to better balance alveolar
expansion and pressure distribution. The lower plateau
pressure helps to reduce the risk of alveolar over-expan-
sion and decreases the probability of ventilator-associ-
ated lung injury. @ In the comparison of OI between the
two groups, the difference in the T, and T time periods
was not statistically significant, P>0.05, in T and T, time
period, the Cdyn group was lower than the DP group,
P<0.05, see Table 5; Fig. 1D. This suggests that the PEEP
setting in the Cdyn group can improve oxygenation more
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Table 5 The Ol Comapred between the 2 groups (Z + s, mmHg)

Group- T, Ts Te T,

ing

DP 42422+2200 42528+2830 439.90+1230 495.50+15.50
group

(n=50)

Cdyn 420502550 420.06+26.60 434.50+£10.60 487.80+20.60
group

(n=50)

t 0.781 0.950 2351 2.368

P 0437 0.344 0.021 0.021

Table 6 The DP compared between the 2 groups (T =+ s,

cmH,0)

Grouping T, Ts Te T,

DP group 2060+250 22324320 2250+£340 16.80+3.00
(n=50)

Cdyn group 1950£220 20.80+450 2060+290 1252+2.80
(n=50)

t 2238 1.947 3.006 7.369

P 0.021 0.055 0.003 <0.001

Table 7 Comparison of Cdyn between the two groups (Z =+ s,

ml/cmH,0)

Grouping T, Ts Te T,

DP group 2520+650 2820+860 2960+520 4500+4.60
(n=50)

Cdyngroup ~ 2490+550 26.00£620 2680+4.80 42.00+6.20
(n=50)

t 0.249 1.468 2.798 2.749

P 0.804 0.146 0.006 0.007

effectively. Good oxygenation status is crucial for postop-
erative patient recovery, which can reduce the incidence
of postoperative hypoxemia and decrease multi-organ
dysfunction due to hypoxia. ® In the comparison of DP,
the difference between the two groups was not statisti-
cally significant in T time period, P>0.05, and in T,, T¢
and T, time period, the Cdyn group was lower than the
DP group, P<0.05, see Table 6; Fig. 1E. This suggests that
the PEEP settings in the Cdyn group were able to lower
the driving pressure more effectively. Lower driving
pressures help to reduce the cyclic opening and closing
of the alveoli, reducing the risk of lung injury, as well as
improving ventilation efficiency. ® In the comparison of
Cdyn in the two groups in the T, and T time periods,
the difference was not statistically significant, P>0.05,
and the Cdyn group was lower than the DP group in the
T, and T, time periods, P<0.05, see Table 7; Fig. 1F. This
suggests that the PEEP settings in the Cdyn group were
better able to maintain lung compliance. Higher lung
compliance helps to reduce respiratory work, increase
ventilation efficiency, and improve patients’ respiratory
function.
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Table 8 Comparison of middle cerebral artery flow velocities
between the two groups of patients (z & s, cm/s)

Grouping To T, Te

DP group (n=50) 14046+2250 13032+19.50 120.82+10.30
Cdyngroup (n=50) 139.80£2590 11050+1350 95.20£10.20
t 0217 5.863 13423

P 0.828 <0.001 <0.001

Observation of the cerebral blood flow of the 2 groups of
patients

In the comparison of middle cerebral artery flow veloci-
ties between the two groups, the difference in the T, time
period was not statistically significant, P>0.05, and in
the T, and T, time periods, the Cdyn group was lower
than the DP group, P<0.05, as shown in Table 8; Fig. 2.
This may be because the PEEP settings in the Cdyn group
improved the regulatory mechanisms of cerebral blood
flow. Appropriate PEEP optimizes the balance between
intracranial pressure and cerebral perfusion pressure and
reduces the impact of increased intracranial pressure on
cerebral blood flow caused by laparoscopic surgery. This
optimized cerebral blood flow state helps to reduce the
incidence of postoperative cognitive dysfunction.

Observation of the cognitive function of the 2 groups of
patients

In the comparison of MMSE in T, time period between
the 2 groups, the Cdyn one was greater than the DP one,
with P<0.05, see Table 9; Fig. 3. This suggests that the
PEEP settings in the Cdyn group can better protect the
cognitive function of postoperative patients. Postopera-
tive cognitive dysfunction is one of the common com-
plications after laparoscopic surgery, and by optimizing
PEEP settings, the incidence of postoperative cognitive
dysfunction can be reduced and the quality of life of
patients can be improved.

Discussion

Laparoscopic surgery is one of the treatment methods for
the late stage of rectal cancer. For the therapy of patients
with advanced colorectal carcinoma, radical surgery is
currently the preferred method [13-14]. According to
the researches, the use of PEEP protective ventilation
strategy can effectively improve ventilation, so at present,
many foreign scholars are committed to the research of
PEEP protective ventilation strategy [15-16]. As we all
know, due to the differences of bodies, the situation of
each patient is different, so fixed PEEP cannot be applied
to all people [17-18]. Compared with the fixed PEEP,
individualized PEEP can improve patients’ lung compli-
ance during surgery. This is because individualized PEEP
selects the best PEEP according to the patients’ respira-
tory system and other competitive physiological factors.
It is more in line with the physiological characteristics
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Fig. 2 Comparison of cerebral blood flow in two groups of patients

Table 9 The MMSE points at T; compared between the 2 groups

(x+ts)

Grouping MMSE score (points)
DP group (n=50) 24.20+1.50

Cdyn group (n=50) 26.10+2.00

t 5372

P <0.001

T6

of the body, resulting in higher compliance of the lungs
and the balance between alveolar collapse and expansion,
thereby improving oxygenation and reducing the prob-
ability of local collapse caused by compressed air tissues
of the lungs [19-20]. Therefore, this study focuses on
the effects of individualized PEEP on patients undergo-
ing laparoscopic radical resection of rectal carcinoma.
The results of this study showed that individualized PEEP
guided by lung compliance had a positive impact on cere-
bral blood flow. In the comparison of middle cerebral
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artery flow velocities between the two groups, the Cdyn
group was lower than the DP group in the T, and T, peri-
ods. This may be because appropriate PEEP can improve
intrathoracic pressure, thereby affecting cerebral blood
flow dynamics. However, the specific mechanism needs
further research.

At present, different scholars have studied the differ-
ent ways to guide the best positive end expiratory pres-
sure, and the researches have shown that [21-23] lung
compliance is used to determine the appropriate PEEP

T
Cdyn group

for patients in lumbar fusion surgery. The results have
shown that individualized PEEP guided by lung compli-
ance can effectively improve the local collapse caused
by the compressed lung air tissues, reduce the release
of inflammatory factors caused by mechanical ventila-
tion, and improve the body’s inflammatory response.
And some researches have found [9, 24, 25] that the
application of lung compliance-guided individualized
PEEP titration during robotic-assisted radical prostate
cancer surgery can reduce alveolar overexpansion while
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attenuating lung injury, protect the alveolar capillary bar-
rier, prevent damage to alveolar epithelial cell integrity,
improve lung compliance, and make a lower concentra-
tion of inflammatory factors, which then attenuates the
inflammatory response. Other scholars have shown that
[26-27] the research on the impact of individualized
PEEP under the guidance of lung compliance on adverse
reactions and complications in obese patients after lapa-
roscopic surgery shows that compared with fixed PEEP,
individualized PEEP can reduce intraoperative driving
pressure, improve oxygenation, and will not affect the
hemodynamic stability. In addition, PEEP individual-
ized titration guided by driving pressure could decrease
the incidence of LUS and atelectasis in elderly patients
undergoing laparoscopic radical resection of colorectal
carcinoma, improve respiratory mechanics and oxygen-
ation function, and the lung protective effect will not
disappear immediately after extubation. However, com-
pared with fixed PEEP, single individualized PEEP opti-
mization does not significantly reduce lung function
injury [28-29]. Based on this, in order to provide a more
optimized scheme for guiding the best positive end expi-
ratory pressure in clinical practice, the following experi-
ments were carried out on patients: first, the clinical data
of the 2 groups were observed, and the outcomes showed
that there was no obvious distinction in the general data
of age, gender and BMI between the 2 groups. This shows
that the two groups of patients are comparable, and the
accuracy of the results is strong. In addition, this study
also observed LUS scores, the levels of PEAK, PLAT,
OL DP, and Cdyn in different time periods; the VM, RI
and MMSE scores of the 2 groups at distinct time peri-
ods were observed. The results showed that: in the com-
parison of LUS between the 2 groups, the Cdyn one was
lower than the DP one in T time period; in the compari-
son of PEAK between the two groups, the Cdyn group
was higher than the DP group in the T, T¢, and T, peri-
ods; in the comparison of PLAT between the 2 groups,
the Cdyn one was less than the DP one at T and T, peri-
ods; in the comparison of OI between the 2 groups, the
Cdyn one was less than the DP one at T and T, periods;
in the comparison of DP between the 2 groups, the Cdyn
one was less than the DP one at T,, T5, T¢ and T, peri-
ods; in the comparison of Cdyn between the 2 groups,
the Cdyn one was greater than the DP one at T and T,
periods; in the comparison of middle cerebral artery flow
velocities between the two groups, the Cdyn group was
lower than the DP group in the T, and T periods; in the
comparison of MMSE in T, time period between the 2
groups, the Cdyn one was greater than the DP one. The
above results indicate that PEEP guided by lung compli-
ance can improve patients’ lung function, cerebral blood
flow and cognitive function. Therefore, this study applied
two different ways to patients undergoing laparoscopic
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radical resection of rectal carcinoma, explored the
impacts of the two ways in guiding individualized PEEP
on lung function of patients undergoing laparoscopic
radical resection of rectal carcinoma, and applied lung
ultrasound to evaluate the lung condition of patients
during operation, which is technically innovative. In this
study, the two methods were simultaneously applied to
guide the best PEEP for patients undergoing laparoscopic
radical resection of rectal carcinoma. By comparing
the intraoperative and postoperative pulmonary ultra-
sound scores and respiratory mechanics indexes of the
two groups of patients, it was concluded that the PEEP
guided by lung compliance had a better effect on patients
and could improve their quality of life.

In conclusion, PEEP guided by lung compliance can
reduce atelectasis, increase pulmonary oxygenation,
improve postoperative pulmonary function and cognitive
function, and accelerate the rehabilitation of patients.
Nevertheless, this research also has some shortcomings.
First, the sample size was relatively small and it was a
single-center study, which may limit the generalizability
of the results. Second, the follow-up period was relatively
short, and the long-term effects of individualized PEEP
on patients’ pulmonary function and cognitive function
remain to be further studied. Third, although the risks
associated with the temporary increase in PEEP were
monitored, the sample size may not be sufficient to fully
evaluate the incidence and impact of rare adverse events.
Future studies should address these limitations by con-
ducting multicenter trials with larger sample sizes, lon-
ger follow-up periods, and more comprehensive risk
assessments.
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