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Abstract
Carbon dioxide levels can affect inflammation and cerebral regional oxygen saturation
(rScO2), a pathophysiological indicator of early postoperative cognitive dysfunction
(POCD).To compare the cerebral rScO2 and postoperative inflammation based on patient
end-tidal carbon dioxide (PETCO2) levels in elderly patients undergoing laparoscopic
radical gastrectomy. Ninety patients were randomly divided into three groups according
to PETCO2 level: group L (low PETCO2, 36–40 mmHg), group C (control PETCO2,
41–45 mmHg) and group H (high PETCO2, 46–50 mmHg). Eighty-four patients
(age, range: 60–80 years) scheduled to undergo radical laparoscopic gastrectomy were
included in the final analysis. The indicated PETCO2 was maintained for patients in
each group. Their intraoperative cerebral rScO2 was recorded at indicated timepoints
(T0–T6) from arrival at the operating room to post-extubation. The Montreal Cognitive
Assessment Test (MoCA) and changes in serum concentrations of inflammatory
cytokines were measured at 1 h, 1d and 7 d after surgery. The cerebral rScO2 at T3
(1 h post-skin incision)–T5 (completion of skin sutures) was significantly higher in
group H than in group L, while the MoCA score was not significantly different between
group H and L (p > 0.05). At 1 h, 1 d and 7 d after surgery, the concentrations of
inflammatory cytokines, including interleukin 6 (IL-6) and S100β, were significantly
higher in group L than in group H (p < 0.05). At 1 h and 7 d after surgery, the
inflammatory cytokines were significantly higher in group C than in group H. Our
findings suggest that higher PETCO2 levels increased cerebral rScO2 and reduced the
serum concentrations of IL-6 and S100β but may not affect the MoCA score in elderly
patients after radical laparoscopic gastrectomy.
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1. Background

Laparoscopic radical gastrectomy is being increasingly per-
formed on elderly adults (aged ≥60 years). Although it is
reported that all adult patients are at risk for some level of post-
operative cognitive dysfunction (POCD) after major surgery,
this risk is significant mainly among elderly adults [1], in
whom intraoperative cerebral oxygen desaturation has been
associated with early POCD [2, 3].

Frequent changes in intracranial pressure and cerebral blood
flow (CBF) may occur during laparoscopic surgery and can
affect the cerebral perfusion pressure and cerebral oxygenation
[4]. Therefore, intraoperative monitoring of cerebral regional

oxygen saturation (rScO2) is a significant determining factor
for maintaining postoperative cognitive function.
Cerebral rScO2 may be affected by various factors, includ-

ing the arterial partial pressure of carbon dioxide (PaCO2),
the body’s position and intraoperative blood pressure [5]. Al-
though we can control the factors affecting cerebral oxygen
supply/demand, such as the PaCO2, cardiac output, perfusion
pressure, arterial oxygen content and cerebral metabolic rate,
increasing the patient’s end-tidal carbon dioxide (PETCO2)
level was shown to be the most powerful and convenient
method in managing cerebral desaturation [6]. Therefore,
intraoperative CO2 regulation can improve cerebral rScO2.
A lung-protective ventilation strategy resulting in permis-
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sive hypercapnia (PHC) can be used to enhance cerebral per-
fusion and induce a rightward shift in the oxygen dissociation
curve; thus, maintaining a relatively stable PETCO2 level
and improving tissue oxygenation. Further, a previous study
reported a strong correlation between PaCO2 and PETCO2

[7]. Intuitively and conveniently, an increase in PETCO2can
improve CBF. A previous study observed a strong correlation
between postoperative cognitive function and intraoperative
cerebral rScO2 [8], a parameter that can predict POCD oc-
currence with a sensitivity and accuracy of 90% and 86.5%,
respectively [9].
This current study investigated whether appropriate eleva-

tion of PETCO2 could prevent the incidence of cerebral desat-
uration in elderly patients undergoing scheduled laparoscopic
radical gastrectomy. The primary outcomes were changes in
cerebral rScO2 and the incidence of POCD following changes
in PETCO2. The secondary outcomes were changes in the
serum concentrations of interleukin (IL)-6, S100β and neuron-
specific enolase (NSE), which are associated with the occur-
rence of POCD.

2. Materials and methods

2.1 Patients and Ethics
This randomized controlled trial enrolled elderly adult patients
scheduled to undergo elective radical gastrectomy at our insti-
tution between July 2019 and June 2021. All enrolled patients
provided written informed consent for participation.
The inclusion criteria for patient selection were: underwent

elective radical gastrectomy; older than 60 years; had anAmer-
ican Society of Anaesthesiology physical status of II–Ⅲ; a
stable hematocrit level,>35% and; the ability to communicate
normally with doctors. Patients who used antidepressants,
painkillers, benzodiazepines and other medications that may
affect their cognitive functions and those with functional illit-
eracy and a MoCA score ≤13 points, 1–6 years of education
with a MoCA score ≤19 points, or ≥7 years of education
with aMoCA score≤24 points; arrhythmia, severe heart valve
disease or cerebrovascular disease; a family history of mental
or neurological disease and; liver and kidney dysfunction or
other serious cardiopulmonary diseases were excluded.
Patients were randomly allocated to three groups using

opaque, sequentially numbered envelopes containing the
randomization assignments (third-party allocation). The
allocation sequence was generated based on random number
generation by the designated data manager, who was not
otherwise involved in the trial. The patients were allocated
to groups L, C or H, which corresponded to lower, control,
or higher PETCO2 levels, respectively, and were treated
using a ventilation protocol designed to maintain a respective
PETCO2 of 36–40, 41–45 or 46–50 mmHg throughout the
intraoperative period.
The patients, the physicianswho provided perioperative care

and the rScO2evaluator were blinded to the group assignments
and PETCO2 levels. The anesthesiologist was aware of each
participant’s assignment due to the need to prevent excessive
changes in cerebral rScO2 (absolute value<55% or≥20% be-
low baseline level). The cerebral rScO2 data were recorded by

a data recorder who was also blinded to the group assignments
and the PETCO2 evaluator.

2.2 Anesthesia and monitoring
Cerebral rScO2 was monitored using two sensors positioned
bilaterally on the patient’s forehead (INVOS 5100C) upon
arrival at the operating room. A bispectral index (BIS) monitor
(Aespire 7900 (Datex–Ohmeda s/5), Madison, WI, USA) was
also used. Their cardiac output (CO) and rate of variation per
stroke (SVV) were monitored using a FloTrac/Vigileo system
(Edwards Lifesciences). Their intraoperative blood pressure
and arterial blood gas (ABG) were continuously monitored,
and their routine hemodynamic parameters, including pulse
rate and electrocardiogram, were also monitored.
Anesthesia was induced using propofol (2 mg kg−1), sufen-

tanil (0.2 µg kg−1) and cisatracurium (0.3 mg kg−1). After in-
tubation, ventilation was adjusted using a Datex-Ohmeda 7900
Anesthesia Machine (GE Healthcare, Madison, WI, USA).
Anesthesia wasmaintained using sevoflurane titration to main-
tain the BIS at 45–55, remifentanil was infused via a comput-
erized pump for analgesia, and cisatracurium injection (2.5 µg
kg−1min−1) was given to maintain muscle relaxation.
A lung-protective strategy of volume-controlled ventilation

was used, with a fraction of inspired oxygen (FiO2) of 0.4 and
tidal volume (VT) of 6–8ml kg−1. The positive end-expiratory
pressure (PEEP) was adjusted to 5 cmH2O. The respiratory
rate (RR) was regulated to maintain the PETCO2 within the
indicated range specified for each group.
Upon completion of the surgery, propofol and remifentanil

were discontinued. Flurbiprofen axetil (0.2 mg kg−1) was
administered via intravenous injection for postoperative pain
control. Additionally, an intravenous patient-controlled anal-
gesia (PCA) pump containing sufentanil (2 µg kg−1) in a total
volume of 100 mL (0.9% saline) was connected at the end of
surgery to deliver a basal infusion rate of 0.02 mL kg−1 h−1

and an on-demand dosage of 0.02mL kg−1 with a 15-min lock-
out time. After endotracheal extubation, each patient remained
under observation in the post-anesthesia care unit (PACU). The
surgeon was responsible for decisions regarding postoperative
medical treatment according to standard institutional regimens.

2.3 Monitoring protocol
A trained observer, who did not participate in patient care and
was blinded to the details of the study protocol, measured and
recorded the following indicators: intraoperative indicators,
including rScO2, CO, mean arterial pressure (MAP), heart rate
(HR), hemoglobin (Hb) and lactic acid (Lac), and serological
indicators including IL-6, S100β, Aβ-42 and p-tau protein
levels.
(1) The rScO2, CO, MAP and HR values were recorded

upon the patient’s arrival at the operating room (T0), 5 min
after intubation (T1), at the beginning of the operation (T2), 1 h
(T3) and 2 h (T4) after skin incision, at the end of the operation
(T5) and 5 min after extubation (T6).
(2) MoCA was administered at 1 h (D0), 1 d (D2) and 7 d

after surgery (D3).
(3) Arterial blood samples were drawn for ABG monitoring

at T1, T2, T3, T4 and T5.
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(4) Venous blood samples were obtained to measure the
serum IL-6 and S100β concentrations at D0, 1 h after surgery
(D1), D2 and D3.
At T1, the PETCO2 was raised to the predetermined value

by adjusting the respiratory rate (RR). PETCO2 and intraoper-
ative ABG monitoring were used to ensure that the CO2 levels
reached the target values and were maintained until the end of
the operation (T1–T5).
A specific protocol was followed when the anesthesiologist

was notified of any cerebral desaturation event (CDE; rScO2

absolute value <55% or ≥20% less than baseline), which
included a change in the depth of anesthesia or a switch to an-
other ventilation set point (i.e., improving PETCO2 or FiO2).
Patients who did not respond to these changes were excluded
from the study. A decrease in the MAP of >20% relative
to the baseline was treated using fluid therapy guided by the
FloTrac/Vigileo system or repeated doses of norepinephrine
(5 µg intravenously).

2.4 Outcome measures
The primary outcomes included the cerebral rScO2 in response
to changing PETCO2, which were recorded at each time point
(T0–T6), and the MoCA scores within 7 days after surgery as
a measure of POCD. The secondary outcomes included the
serum concentrations of IL-6 and S100β as markers for POCD.
The patients’ MAP, HR and BIS values were recorded at all
time points while their ABG data, including PH, Lac, PaO2

and PaCO2, were collected at T2–T5.

2.5 Statistical analysis
Considering the reported prevalence of POCD among adult
patients undergoing noncardiac surgery is as high as 41%
[10], with a higher incidence among elderly adults, we set a
minimumdifference of 30% in the incidence of POCDbetween
the groups as an indicator of clinical significance. To achieve
this, we estimated that a sample size of 70 was needed with a
power level of 0.8 and an α value of 0.05.
The data were coded and entered using the Statistical Pack-

age for the Social Sciences (SPSS) software, (version 25, IBM,
Armonk, NY, USA). Quantitative data are presented as mean
and standard deviation, and categorical data are presented as
frequency (count) and relative frequency (percentage). Com-
parisons between groups were performed using the unpaired
t-test. A repeated measures analysis of variance was used
to compare serial measurements within each group, together
with the Bonferroni post hoc test for pairwise comparison.
The chi-square (χ2) test was used to compare categorical data
unless the expected frequency was<5, in which case the exact
test was used. A p value < 0.05 was considered statistically
significant.

3. Results

3.1 Study population
Of the 90 patients initially enrolled in the study, three patients
were excluded because of alterations in the surgical treatment.
In addition, two patients (or their family members) withdrew

from the study and one patient was lost to follow-up. Finally,
84 patients were included in the data analysis. The distribu-
tions of patient demographic variables in all groups were found
to be comparable among the three groups (Table 1).

3.2 Analysis of changes in cerebral rScO2

and hemodynamic variables
Our results showed no significant differences in the baseline
(T0) of cerebral rScO2 values between the three groups. At T1

and T2, significant improvements in rScO2 were observed in
response to 100% oxygen compared with T0 (room air). At
T3–T5, recorded under the predetermined PETCO2 values for
each group, we found that the cerebral rScO2 of group H was
significantly higher than that of group L (p< 0.05). However,
no significant difference was observed between group H and
group C (Table 2). The incidence of cerebral desaturation
event (CDE; rScO2 absolute value <55% or ≥20% less than
baseline) was significantly greater in group L than in group H
(p < 0.0125) (Table 5).
Changes in hemodynamic variables, including mean blood

pressure, heart rate and cardiac output, were not significantly
different in intergroup analysis (Table 2).

3.3 Analysis of MoCA score
POCD was observed in 36 (42.9%) patients at 1 d, among
whom 18 (21.4%) recovered at 7 d. The diagnosis of POCD
was based on MoCA scores for all cases at 1 d and 7 d after
surgery. Further analysis showed no significant difference in
MoCA scores among the three groups (p > 0.05) (Table 3).

3.4 Inflammatory cytokine
The levels of IL-6, an anti-inflammatory cytokine, increased
from Preop to Postop 7 d in the three groups. The levels of
IL-6 in group L were higher than in group H at the timepoint
in Postop (p< 0.05). In addition, the levels of IL-6 in group C
were found to decrease at 1 h and 7 d after surgery (p < 0.05).
The levels of S100β increased among all groups and showed

a peak level at Postop 1 d. Changes in S100β were signifi-
cantly smaller in group H than in group L (p < 0.05), while
a significant difference between group H and group C was
observed at Postop 1 d (Table 4).

3.5 Analysis of related complications
Analysis of complications that might be associated with
PETCO2showed no significant difference in the incidence
of postoperative nausea and vomit, infection of incision
and abdominal cavity infection between the three groups.
However, having been compared to group L the incidence of
lung infection in group H was significantly greater (Table 5).

4. Discussion

This study showed that a higher level of PETCO2 was associ-
ated with increased cerebral rScO2 in elderly patients undergo-
ing laparoscopic radical gastrectomy. In addition, maintaining
an appropriate PETCO2 level reduced the serum concentra-
tions of inflammatory cytokines IL-6 and S100β in this popu-
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TABLE 1. Patients’ demographics and risk factors.
Group L
(n = 28)

Group C
(n = 28)

Group H
(n = 28) p value

Sex (male/female) 20/8 24/4 24/4 0.291
Age 66.29 ± 4.38 68.29 ± 5.74 66.14 ± 4.88 0.199
BMI (m2/kg) 21.64 ± 2.56 23.00 ± 3.02 22.22 ± 2.73 0.171
HTN 8 (28.6%) 6 (21.4%) 2 (7.1%) 0.115
DM (g/dL) 4 (14.3%) 6 (21.4%) 2 (7.1%) 0.126
Operation duration
(min)

118.79 ± 18.19 126.64 ± 24.37 129.93 ± 18.46 0.347

Hb (g/L) 118.79 ± 18.19 126.64 ± 24.37 129.93 ± 18.46 0.347
Crystalloid (mL) 1057 ± 195 1071 ± 243 1135 ± 330 0.702
Colloid (mL) 586 ± 254 586 ± 266 607 ± 256 0.968
UO (mL) 396 ± 155 393 ± 187 403 ± 204 0.988
Blood loss (mL) 156 ± 104 164 ± 93 196 ± 99 0.519
Education years 3.79 ± 4.14 5.71 ± 3.97 3.29 ± 2.49 0.184
Data are presented as counts (%) or means ± standard deviations.
Group L low PETCO2 (36–40 mmHg), Group C control PETCO2 (41–45 mmHg), Group H high PETCO2 (46–50 mmHg); BMI:
body mass index; HTN: hypertension; DM: diabetes mellitus; Hb: hemoglobin; UO: urine output.

TABLE 2. The rScO2 and hemodynamic variables.
Group Cases T0 T1 T2 T3 T4 T5 T6

rScO2 (%)
L 28 64.5 ± 6.1 67.4 ± 5.8 67.8 ± 6.0 69.6 ± 6.5 66.9 ± 6.5 68.7 ± 6.6 69.1 ± 7.7
C 28 66.2 ± 5.8 69.2 ± 7.1 68.0 ± 6.5 72.4 ± 6.9 71.0 ± 6.9 71.1 ± 6.5 72.8 ± 5.6
H 28 66.6 ± 5.9 72.4 ± 6.0 68.2 ± 5.9 74.8 ± 4.9∗ 74.0 ± 5.6∗ 73.4 ± 4.1∗ 72.4 ± 4.8

HR (bpm)
L 28 73.5 ± 15.5 64.1 ± 13.3 60.9 ± 10.2 64.2 ± 7.9 63.9 ± 8.0 69.6 ± 11.2 80.1 ± 14.1
C 28 75.6 ± 11.5 59.5 ± 5.8 57.0 ± 6.62 62.6 ± 7.1 63.0 ± 10.2 63.1 ± 13.9 78.9 ± 18.2
H 28 70.4 ± 12.2 57.9 ± 10.5 62.3 ± 10.8 65.7 ± 12.8 67.4 ± 11.2 61.1 ± 7.9 72.4 ± 11.3

MAP
(mmHg)

L 28 102.4 ± 15.9 80.4 ± 12.1 87.4 ± 9.9 81.6 ± 10.2 81.1 ± 9.4 93.7 ± 13.8 103.0 ± 15.6
C 28 107.2 ± 15.7 84.1 ± 13.7 89.3 ± 12.1 82.9 ± 9.0 86.1 ± 15.4 90.7 ± 15.8 106.5 ± 14.0
H 28 107.2 ± 11.2 81.1 ± 11.3 94.6 ± 17.3 82.9 ± 12.4 83.9 ± 8.3 85.5 ± 9.6 107.7 ± 15.1

CO
(L/min)

L 28 5.2 ± 1.3 3.5 ± 1.1 3.5 ± 0.9 4.0 ± 1.2 3.9 ± 1.1 4.5 ± 1.7 5.1 ± 1.9
C 28 4.8 ± 1.1 3.6 ± 0.8 3.4 ± 0.9 3.8 ± 0.9 4.3 ± 1.0 4.8 ± 1.3 5.4 ± 1.1
H 28 4.7 ± 1.0 3.7 ± 1.2 3.5 ± 0.8 4.1 ± 0.9 4.4 ± 1.1 4.5 ± 1.0 5.4 ± 1.3

Data are presented as means ± standard deviations or counts (%).
Group L low PETCO2 (36–40 mmHg), Group C control PETCO2 (41–45 mmHg), Group H high PETCO2 (46–50 mmHg), T0
before induction, T2 beginning of the operation, T3 1 hour after skin incision, T4 2 hours after skin incision, T6 5 minutes after
extubation. ∗p < 0.05 compared with group L.
HR: heart rate; MAP: mean arterial pressure; CO: cardiac output; rScO2: cerebral regional oxygen saturation.

TABLE 3. MoCA scores.
Group Cases MoCA scores

D0 D2 D3

L 28 20.9 ± 2.9 18.9 ± 3.0 21.0 ± 2.8
C 28 22.0 ± 2.9 19.9 ± 3.5 21.9 ± 3.5
H 28 21.2 ± 3.5 19.7 ± 3.2 21.4 ± 3.6
Data are presented as mean ± standard deviations or counts (%).
Group L low PETCO2 (36–40 mmHg), Group C control PETCO2 (41–45 mmHg), Group H high PETCO2 (46–50 mmHg), D0 1
day before surgery, D2 1 day after surgery, D3 7 days after surgery, MoCA: the Montreal Cognitive Assessment Test.
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TABLE 4. Serum concentrations of IL-6 and S100β.
cases D0 D1 D2 D3

IL-6 (pg/mL)
L 28 13.14 ± 1.24 14.58 ± 1.46 16.39 ± 1.92 18.72 ± 2.23
C 28 12.82 ± 1.04 14.31 ± 1.71 15.75 ± 1.32 17.53 ± 1.49∗
H 28 12.50 ± 1.30 13.09 ± 1.28∗# 15.23 ± 1.74∗ 15.44 ± 1.48∗#

S100β (pg/mL)
L 28 84.22 ± 9.75 110.49 ± 16.75 157.33 ± 23.55 140.52 ± 12.30
C 28 82.97 ± 11.37 105.25 ± 8.06 141.07 ± 8.06 110.39 ± 9.70∗
H 28 87.53 ± 8.50 100.55 ± 13.65∗ 123.26 ± 18.13∗# 102.13 ± 21.11∗

Data are presented as means ± standard deviations or counts (%).
Group L low PETCO2 (36–40 mmHg), Group C control PETCO2 (41–45 mmHg), Group H high PETCO2 (46–50 mmHg), IL
interleukin, NSE neuron-specific enolase, D3 7 days after surgery, *p < 0.05 compared with group L, #p < 0.05 compared with
group C. IL-6: including interleukin 6.

TABLE 5. Incidence of complications.
L (n = 28) C (n = 28) H (n = 28) p

cases (%) cases (%) cases (%)
cerebral desaturation event 10/28 35.7 4/28 14.3 0 0.0 0.001
nausea and vomit 4/28 14.3 2/28 7.1 6/28 21.4 0.311
lung infection 4/28 14.3 0 0.0 10/28 35.7 0.001
infection of incision 0 0.0 0 0.0 2/28 7.1 0.129
Abdominal cavity infection 4/28 14.3 0 0.0 6/28 21.4 0.042
Data are presented as means ± standard deviations or counts (%).
Group L low PETCO2 (36–40 mmHg), Group C control PETCO2 (41–45 mmHg), Group H high PETCO2 (46–50 mmHg).

lation.
POCD is a well-known clinical phenomenon of multifacto-

rial origin [11, 12]. Unlike other potential causes of POCD,
intraoperative cerebral hypoxia can be modified [13]. Several
studies have reported a positive correlation between POCD
and lower intraoperative rScO2 values in elderly patients[14,
15]. Several other studies investigating the effects of PaCO2

on CBF also focused on rScO2. Nakao et al. [11] found
that cerebral inflammation due to anesthesia or surgery and
perioperative vital sign changes that reduced CBF, such as
persistent hypotension and/or hypocapnia, could contribute to
the development of POCD, especially in patients whose CBF
was already reduced. As CO2 is the most effective regulator
of CBF, cerebral rScO2 should be improved in response to
an increase in PaCO2. Zhu et al. [12] showed that PHC
could enhance CBF, improve the cerebral rScO2 of patients
undergoing cardiac surgery and adjust the cerebral oxygen
supply balance. Based on these findings, we presumed that
an increase in PETCO2 would improve intraoperative cerebral
rScO2 and reduce the incidence of POCD. However, no such
conclusion could be deduced from our results, which showed
that the increase in rScO2 was observed only when PETCO2

was increased, while theMoCA scores were unaffected. These
indicate that the correlation between rScO2 and POCD remains
to be further clarified.
A previous study showed that mild hypercapnia (PaCO2 at

45–55 mmHg) could improve cerebral oxygenation, increase
rScO2 and reduce the incidence of POCD [12]. This approach
is believed to activate neuronal nitric oxide synthase, thus
promoting nitric oxide production and causing cerebrovascular

dilatation. The expansion of cerebral blood vessels improves
the cerebral oxygen supply, reduces the risk of cerebral is-
chemia and hypoxia, and effectively protects brain functions.
Therefore, in this current study, a lung protective ventilation
strategy was applied to explore the effects of different levels
of PETCO2 on rScO2 and postoperative cognitive function
in elderly patients undergoing laparoscopic radical gastrec-
tomy. The key finding of this study is that maintaining a
high intraoperative PETCO2 (46–50 mmHg) improved elderly
patients’ postoperative cognitive scores (MoCA scores). In
addition, the results also showed that PETCO2 significantly
improved rScO2, but for PETCO2 values >45 mmHg, which
is similar to the results of previous studies. Further, the
association between elevation in PETCO2 and improvement of
cerebral rScO2 suggests that PETCO2 might be an influential
factor of rScO2. However, the premise of this conclusion is
that PETCO2 should be increased to a certain level, i.e., at
least up to 45 mmHg. Although the exact reason remains to
be clarified, we hypothesized that it might be related to the
specific lung protective ventilation strategies used in this study.
At present, the pathogenesis of POCD is unclear. Studies

have shown that the infiltration of inflammatory factors into
the central nervous system and expansion of immune responses
might promote nerve cell apoptosis, necrosis and degenerative
changes [16–18]. A meta-analysis showed that peripheral
markers of inflammation, especially IL-6 and S100β, were
closely associated with POCD [19]. Therefore, in this study,
we assessed the levels of these serological factors and found
that they decreased with increasing PETCO2. Compared with
groups L and C, the levels of most inflammatory markers
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were significantly reduced in group H. Therefore, the increase
in PETCO2 might help reduce these inflammatory factors,
including IL-6 and S100β, although it only occurred above a
certain PETCO2 threshold.
Many studies have verified the ability of CO2 to regulate

cerebrovascular and improve CBF [20, 21] and have estab-
lished the effects of oxygen supply on the brain’s cognitive
functions. But always experiment is to stop more levels.
In a previous experimental research, the effects of changes
in PETCO2 were demonstrated by determining the changes
in cognitive function after surgery, and the results not only
indicated that cerebral rScO2 could predict POCD but also
suggested that it could be used to improve patients’ cognitive
function after surgery. However, these observations are incon-
sistent with the results of this present study, possibly due to
no direct link between rScO2 and POCD. Here, we observed
that the levels of inflammatory markers IL-6 and S100β were
significantly decreased with higher PETCO2 and rScO2, while
MoCA scores showed no significant change, indicating that IL-
6 and S100β may not be related factors of POCD, or at least
not the main influencing factors.
A low BIS value and a prolonged period of deep anesthesia

have emerged as risk factors for POCD [22]. In this study, the
risk of POCD due to deep anesthesia was avoided by monitor-
ing BIS intraoperatively to guide the depth of anesthesia. The
enhanced recovery after surgery (ERAS) program can enhance
postoperative recovery and reduce the length of hospital stay
and morbidity by applying a series of optimization measures
from evidence-based medicine during the perioperative period
[23]. All patients in this study were treated with target-directed
fluid therapy following the ERAS principle, which might be
related to the observed faster recoverywith this lung-protective
ventilation strategy.

5. Conclusions

In conclusion, this study confirms that an increase in PETCO2

can increase rScO2 and improve postoperative cognition, but
not MoCA scores. However, an insufficient increase in CO2

levels may increase cerebral rScO2, and an excessive increase
in CO2 may lead to other complications, such as CO2 accumu-
lation, brain edema and pulmonary inflammation. The specific
determination of a safe and effective CO2 level requires further
in-depth research. However, this study is limited by its single-
center design, a relatively small sample size and a lack of long-
term follow-up data. Additional studies using larger cohort and
multicentre settings are needed to validate these findings [24].
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