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Objective: This study aimed to investigate the effects of different lung ventilation strategies on cerebral oxygen saturation (rSO2) 
during one-lung ventilation (OLV) in neonates.
Methods: A total of 50 neonates scheduled for elective OLV between October 2022 and April 2024 were enrolled and randomly 
assigned to either the control group (Group C) or the study group (Group S). In Group S, the respiratory rate was adjusted to maintain 
end-tidal carbon dioxide (PETCO2) levels between 45–55 mmHg at 30 minutes of OLV (T3) and subsequently restored to normal 
levels (35–45 mmHg) at 45 minutes of OLV (T4). Lung recruitment maneuvers were applied. In Group C, PETCO2 was maintained 
within the normal range throughout the procedure. Oxygen saturation (SpO2) and rSO2, along with additional physiological 
parameters, were recorded at five time points: before OLV (T1), 15 minutes after OLV initiation (T2), T3, T4, and 60 minutes after 
OLV initiation (T5). Arterial blood samples were collected for blood gas analysis.
Results: In both groups, rSO2 levels significantly decreased during OLV compared to baseline (T1) (p < 0.05). However, at T3, rSO2 

was significantly higher in Group S compared to Group C. Comparisons within the group indicated that rSO2 in Group S at T3 was 
significantly higher than at T5. Lung compliance was superior in Group S compared to Group C at T5. Furthermore, lung compliance 
in both groups decreased at T2 when compared to T1 (p < 0.05).
Conclusion: Despite maintaining SpO2 within the normal range, rSO2 declined during OLV in neonates. The application of 
permissive hypercapnia during OLV improved rSO2 within a certain range. Routine perioperative monitoring of rSO2 in neonates 
undergoing OLV may facilitate early detection of cerebral oxygenation changes, contributing to neuroprotection.
Keywords: cerebral oxygen saturation, hypercapnia, lung protected ventilation, lung recruitment, neonates, one lung ventilation

Introduction
With the rapid advancement of endoscopic technology, minimally invasive surgical techniques in thoracic and cardiac surgery 
have been widely adopted, facilitating the management of complex and technically demanding procedures.1 These surgical 
advancements are closely linked to the continuous refinement of anesthesia techniques and concepts. Several studies have 
reported varying degrees of cerebral oxygenation disturbances during one-lung ventilation (OLV).2–4 This imbalance is 
particularly pronounced in the growing population of pediatric patients undergoing major surgical interventions, as cerebral 
autoregulation may be compromised due to multiple contributing factors.4

Although routine intraoperative monitoring often indicates stable oxygen saturation (SpO2) levels, indicating that 
SpO2 monitoring alone may be insufficient for assessing cerebral oxygenation and perfusion in key target organs such as 
the brain.5 In contrast, rSO2 monitoring provides a non-invasive, real-time, and dynamic assessment of cerebral 
oxygenation, enabling the early identification and intervention of disruptions in cerebral oxygen supply-demand 
equilibrium. By facilitating timely adjustments, this technology contributes to maintaining cerebral oxygen homeostasis 
and has been widely implemented in various surgical settings.6,7 However, the specific patterns, clinical significance, and 
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management strategies of rSO2 during OLV in neonatal patients are not completely understood and warrant further 
investigation.

The Lung-Protective Ventilation Strategy (LPVS) is a perioperative respiratory support strategy designed to prevent 
alveolar overdistension and collapse, promote the recruitment of atelectatic alveoli, minimize ventilator-induced lung 
injury, and reduce the incidence of perioperative pulmonary complications. When implemented appropriately, LPVS has 
the potential to decrease perioperative mortality while ensuring adequate oxygenation and ventilation. This strategy 
incorporates a range of respiratory management techniques, including the use of lower tidal volumes (VT, 6–8 mL/kg), 
reduced minute ventilation, optimized positive end-expiratory pressure (PEEP), lung recruitment, permissive hypercapnia 
(PHC), and low-concentration oxygen inhalation.8 Collectively, these measures mitigate mechanical stress-related lung 
injury, such as pressure-volume, and have been increasingly recognized as an effective protective ventilation strategy.9

This study aimed to evaluate the effects of LPVS on lung compliance, arterial oxygenation, hemodynamics, blood gas 
parameters, and rSO2 at multiple perioperative time points in neonates undergoing OLV. Additionally, postoperative 
complications were assessed to further investigate the impact of LPVS on decreased cerebral oxygen saturation (rSO2) 
during OLV.

Materials and Methods
Pediatric patients of all sexes who required elective thoracic surgery with OLV between October 2022 and April 2024 
were included in the study. The types of surgery include congenital diaphragmatic hernia and congenital esophageal 
atresia.

Study Participants
Inclusion Criteria
1) Neonates aged from birth to 5 days, with no sex restriction. 2) Classified as American Society of Anesthesiologists 
(ASA) class I to III. 3) No history of severe cardiac, pulmonary, or cerebral comorbidities. 4) Scheduled for thoracic 
surgery requiring OLV with an expected surgical duration exceeding 30 minutes.

Exclusion Criteria
1) Pediatric patients older than 5 days. 2) Presence of severe cardiac, pulmonary, or cerebral diseases, including 
malignant arrhythmias, acute lung injury, acute respiratory distress syndrome, as well as children with respiratory failure 
caused by various reasons before the operation. 3) Diagnosis of acute respiratory failure due to various etiologies. 4) 
Children who had severe lung damage or respiratory distress syndrome and required tracheal intubation and ventilator 
support before the operation. 5) Presence of progressive neuromuscular disorders. 6) Diagnosis of sepsis or septic 
shock. 7) Presence of contraindications for lung recruitment, such as severe pulmonary arterial hypertension or 
intracranial hypertension. 8) Presence of traumatic or burn scars on the forehead that could interfere with rSO2 

monitoring.

Withdrawal Criteria
1) Pediatric patients undergoing OLV for less than 30 minutes. 2) Pediatric patients who experienced severe intraopera
tive allergic reactions. 3) Pediatric patients who developed severe intraoperative cardiovascular or cerebrovascular 
events. 4) Cases with intraoperative blood loss exceeding 60mL. 5) Surgical procedures with a duration exceeding 
5 hours.

Participant Grouping
Patients were randomly assigned to two groups using the random number table method. In Group C (control group), 
volume-control ventilation was applied. During two-lung ventilation (TLV), the ventilator settings included a tidal 
volume (VT) of 8 mL/kg, a PEEP of 5 cmH2O, and a fraction of inspired oxygen (FiO2) of 80%. During OLV, the 
VT was set at 6 mL/kg with a PEEP of 5 cmH2O. The respiratory rate (RR) was adjusted to maintain a PETCO2 level 
within the range of 35–45 mmHg. Following surgery, suctioning and sustained lung inflation were performed.
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In Group S (study group), volume-control ventilation was used. The ventilator settings for TLV included a VT of 
8 mL/kg, PEEP of 5 cmH2O, and FiO2 of 80%. During OLV, the VT was set at 6 mL/kg with a PEEP of 5 cmH2 

O. The RR was adjusted to maintain PETCO2 levels between 45–55 mmHg at time point T3 and returned to the 
normal range (35–45 mmHg) after T4. Lung recruitment maneuvers (RM) were implemented, consisting of three 
breaths (10 seconds per breath) with an inspiratory pressure of 30 cmH2O and a PEEP of 5 cmH2O, administered 
every 30 minutes.

Anesthetic Management
Preoperative Preparation
The surgical team directly engaged with the family of the patient to obtain a comprehensive history, including the current 
disease, prior surgical and anesthetic history, laboratory test results, and relevant ancillary examinations. Particular 
attention was given to cardiopulmonary, neurological, hepatic, and renal function, as these factors could influence 
surgical outcomes. The family was provided with detailed data regarding the significant anesthetic considerations, 
potential risks, and study objectives to ensure informed participation and cooperation. Written informed consent was 
obtained from all the patients’ parents or legal guardians before proceeding with the study.

On the day of surgery, preoperative anesthesia preparation included readying the anesthetic equipment, anesthetic 
agents, and patient-specific considerations. Upon the arrival of the patient in the operating room, a three-way verification 
process involving the surgeon, anesthesiologist, and circulating nurse was conducted to confirm patient identification 
before proceeding. Routine intraoperative monitoring included heart rate (HR), blood pressure (BP), SpO2, and electro
cardiogram (ECG). Peripheral venous access was secured, followed by femoral artery puncture and catheterization for 
continuous arterial pressure monitoring after zero calibration. The necessity for central venous pressure (CVP) monitor
ing was determined based on the specific surgical procedure. Additionally, nasopharyngeal temperature was continuously 
monitored using a temperature probe throughout the procedure.

Designated personnel were responsible for monitoring and recording rSO2. After skin preparation, the sensor 
electrode patch was applied and subjected to a light-impermeable process to minimize interference from external light 
sources, ensuring accurate measurements.

Anesthesia Induction
Intravenous induction was performed using propofol at a dose of 2 mg/kg, succinylcholine at 2 mg/kg, and 
sufentanil at 0.2 µg/kg. OLV was performed using single-chamber bronchial intubation. Under video laryngoscopy, 
the glottic aperture was visualized and a cuffed endotracheal tube (size 3.0 #) was inserted. Following repositioning 
to the left-lateral decubitus position, the tube was advanced into the left mainstem bronchus under direct guidance of 
a flexible fiberoptic bronchoscope (diameter 2.2 mm). The depth of the tube was adjusted based on fiberbroncho
scope to confirm proper placement. Once the correct positioning was verified, the endotracheal tube was secured 
with adhesive tape. Following successful intubation, the anesthetic ventilator was connected to initiate mechanical 
ventilation.

Anesthesia Maintenance
Anesthesia was maintained with inhaled sevoflurane (2–3%) supplemented by intermittent boluses of cisatracurium 
besylate and sufentanil as clinically indicated. Dopamine was administered to maintain mean arterial pressure (MAP) 
within 20% of baseline values. Bradycardia (defined as heart rate <60 beats/min) was treated with atropine boluses when 
required.

Anesthetic Recovery
Once the surgical procedure was performed and transition to TLV had occurred, the surgical lung and lung RM were 
suctioned. The patients were transferred back to the ICU with the endotracheal tube for further postoperative care.
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Intraoperative Ventilation Management
Volume-targeted ventilation was selected, with TLV settings configured as follows: VT of 8 mL/kg, RR of 30 breaths 
per minute, an inspiratory-to-expiratory (I:E) ratio of 1:2, PEEP of 5 cmH2O, and a FiO2 of 80%. OLV was initiated 
prior to the commencement of surgery, with settings including a VT of 6 mL/kg, PEEP of 5 cmH2O, and an I:E ratio of 
1:2. The RR was adjusted to maintain PETCO2 levels while ensuring that peak airway pressure remained below 30 
cmH2O.

If a decrease in oxygen saturation (SpO2) below 80% occurred during the procedure, the following emergency 
interventions were implemented: 1) Verification of endotracheal tube positioning. 2) Assessment of airway pressures. 3) 
Evaluation of blood volume adequacy. 4) Adjustment of ventilatory parameters, including an increase in inspired oxygen 
concentration, modification of VT. 5) If necessary, resumption of TLV and termination of data collection for the affected 
case.

If necessary, the tracheal tube will be withdrawn to the main airway and OLV will be changed to double lung 
ventilation. These children will be removed from the rental.

This study utilized the INVOS 5100B device for measurement. This device employs continuous wave spectroscopy 
technology, using two near-infrared wavelengths of 730 and 805 nanometers to detect the ratio of oxyhemoglobin to total 
hemoglobin. The final result is presented in percentage form, representing the cerebral oxygen saturation value. It is safe 
and effective for newborns.

Anesthesia Observation Indicators
General Characteristics of the Participants
The patient’s age, sex, height, weight, ASA classification, duration of anesthesia, duration of surgery, duration of OLV, 
intraoperative blood loss, urine output, total volume of fluid administered, and the number of cases requiring intrao
perative blood transfusion or vasoactive drug interventions were recorded and documented.

Data Collection Time Points
T1: before OLV.

T2: OLV 15 minutes.
T3: OLV 30 minutes.
T4: OLV 45 minutes.
T5: OLV 60 minutes.

Observation Indicators
1) The surgical duration, anesthesia duration, OLV duration, and intraoperative fluid balance were recorded for each 
pediatric patient. 2) Intraoperative parameters, including MAP, HR, RR, SpO2, plateau pressure, peak inspiratory 
pressure, static compliance (Cs), blood gas analysis, and rSO2 at various time points, were documented. 3) Peripheral 
venous blood of 2 mL was collected from the children before surgery and 6h after surgery, and the serum was separated 
by centrifugation at 3000 r/min for 10 min. The serum brain hemoglobin was detected by enzyme-linked immunosorbent 
assay. 4) After surgery, mechanical ventilation continued in the same mode. Chest X-ray was taken and recorded 2h after 
surgery to record whether pneumothorax occurred or not, and the time from the end of operation to the withdrawal of 
ventilator and the postoperative hospital stay were recorded.

Statistical Analysis
All the data collected in this study were analyzed using SPSS 20.0 software. Normally distributed measurement data 
were expressed as mean±standard deviation (SD), and the comparisons were examined by Student-t test and ANOVA 
test. The categorical data were expressed as n (%), and the differences between the two groups were examined by chi- 
square analysis or Fisher’s exact test. P<0.05 was considered statistically significant.
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Results
General Data of Patients
A total of 50 patients were enrolled in the study, with 25 patients assigned to each group. However, in Group C, two 
cases had an OLV duration of less than 30 minutes, one case experienced an allergic reaction, and one case exhibited 
a decline in SpO2 below 80% during surgery. As a result, 21 patients were included in the final statistical analysis. 
Similarly, in Group S, two cases had an OLV duration of less than 30 minutes, and two cases were lost to follow-up, 
leading to the inclusion of 21 patients in the final analysis (Figure 1).

No statistically significant differences were observed between the two groups concerning general patient character
istics, including age, height, weight, sex, and ASA classification, as detailed in Table 1.

Hemodynamic and Lung Compliance Changes
Despite the administration of dopamine to prevent significant reductions in MAP, patients in the study group exhibited 
lower MAP than those in the control group, which was attributed to the implementation of lung RM.

With respect to lung compliance, both groups experienced a decline in Cs upon transitioning from TLV to OLV (p = 
0.005). However, in Group S, Cs improved at T5 following the application of RM and was significantly higher than that 
observed in the control group, demonstrating a statistically significant difference (p = 0.018). Detailed results are 
presented in Table 2 and Figure 2.

Comparison of Arterial Blood Gas Analysis and Changes in rSO2
Intra-Group Comparisons: Compared to TLV at T1, a significant decrease in rSO2 was observed during OLV in both 
groups (p = 0.003). In Group S, as PaCO2 increased, PaO2, PaO2/FiO2 ratio, and rSO2 demonstrated relative improve
ments at T3, with statistically significant differences (p = 0.037). Following the application of lung RM, PaO2 and the 
PaO2/FiO2 ratio in Group S improved at T5, with statistically significant differences (p = 0.033), while rSO2 exhibited the 
most pronounced increase at T3, revealing a statistically significant difference (p = 0.007).

Inter-Group Comparisons: At T3, rSO2 in Group S was significantly higher than that in Group C (p = 0.006). 
Additionally, PaO2 and the PaO2/FiO2 ratio in Group S were significantly higher than those in Group C at both T3 and T5 
(p = 0.015). Detailed results are presented in Table 3 and Figure 3.

Figure 1 The study flow diagram depicts the movement of participants through each step of the randomized experiment.
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The results of this study showed that there was no significant difference in the incidence of postoperative pneu
mothorax, time to extubation after surgery and length of stay between the two groups (p=0.020). The serum brain 
hemoglobin content was significantly lower in group S than in Group C 6 hours after surgery. Detailed results are 
presented in Table 4.

Figure 2 Depicts a comparison of Cs between the two patient groups.ap < 0.05 compared with T1; bp < 0.05 compared with T3; cp < 0.05 compared with Group C.

Table 1 General Characteristics of Patients (n=21, 
x� s)

Variable Group S Group C

Age (day) 2.04±1.09 2.29±1.12

Weight (kg) 2.48±0.52 2.46±0.49

Gender (male/female) 10/11 12/9

ASA (class II/III) 8/13 9/12

Anesthesia duration (min) 268.33±71.08 259.29±66.39

Surgical Duration (min) 173.45±70.12 180.09±70.34

OLV duration (min) 144.42±68.09 138.49±69.54

Gestational age (week) 36.95 ±1.45 37.15 ±1.39

Table 2 Changes in MAP, HR, SpO2, and Lung Compliance at Various Time Points (n=21, 
x� s)

Time Points T1 T2 T3 T4 T5

MAP (mmHg) Group S 40.6±1.8 41.3±2.3 42.2±1.6 38.8±1.5 35.5±1.7

Group C 41.5±1.2 41.6±1.9 41.8±1.9 41.7±1.8 41.8±1.5

HR (beat) Group S 128.8±12.1 133.4±11.8 128.9±11.5 149±10.8 157±10.9

Group C 132.1±11.0 142.8±13.1 127.3±12.8 136±11.4 135±11.3

SpO2 Group S 99.1±0.3 98.5±1.2 98.3±1.6 97.9±1.8 96.2±1.8

Group C 99.2±0.5 98.8±1.5 97.8±1.8 97.9±1.5 98.4±1.6

Cs (mL/cm H2O) Group S 52±15b 33±7a 35±8a 40±10a 48±11bc

Group C 50±14b 35±7a 33±9a 31±7a 30±6a
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Discussion
Perioperative rSO2 Monitoring
The INVOS 5100B is a non-invasive monitoring device based on near-infrared spectroscopy (NIRS) technology. It 
reflects the balance between cerebral oxygen supply and demand by detecting the ratio of oxygenated to deoxygenated 
hemoglobin in brain tissue. Its clinical applicability in neonates has been investigated. The INVOS 5100B can be used 
with different sensor models for adults, children, and neonates. Neonatal-specific sensors are designed with adapted light 
intensity and penetration depth to accommodate the unique physiological characteristics of newborns, featuring a more 
miniaturized and flexible design. rScO2 values measured with neonatal sensors are typically higher than those obtained 
with adult sensors (by up to 10%), but this difference is not constant and is smaller near thresholds indicative of cerebral 
hypoxia.10–12 It is important to note, however, that the calibration algorithms for this and most commercial NIRS devices 
were primarily developed and validated in adult populations. Applying these algorithms to neonates, despite using 
dedicated sensors, may introduce an inherent calibration bias. This potential bias is an important consideration when 
interpreting absolute rSO2 values.

A previous study have found that an increased depth and duration of desaturation below the 50% saturation threshold 
in the first 24 hours after cardiac surgery are associated with longer PICU and hospital stays and with longer duration of 
mechanical ventilation.13 These reductions are more frequently observed in pediatric patients undergoing major surgical 
procedures. Therefore, perioperative monitoring of rSO2 is essential not only for the early detection of changes in 
cerebral oxygenation but also for evaluating the effectiveness of intervention strategies, making it particularly relevant 
for pediatric patients undergoing OLV.

In this study, up to 28% of neonates experienced a decrease in rSO2 exceeding 20% from baseline during OLV. 
Notably, a decline in rSO2 was observed even in patients whose SpO2 remained within the normal range. Several factors 
may contribute to this phenomenon: (1) dysregulation of the ventilation/perfusion (V/Q) ratio due to OLV; (2) the impact 
of body positioning, general anesthesia, and thoracotomy on the V/Q ratio; and (3) the physiological characteristics of 

Table 3 Arterial Blood Gas Analysis Results and Changes in Cerebral Oxygen Saturation at 
Different Time Points (n=21, x� s)

Time Points T1 T2 T3 T4 T5

PaO2 (mmHg) Group S 175±47bcd 112±22ad 120±10abe 117±8ad 135±16abce

Group C 189±45bcd 125±18a 118±12a 107±15a 98±18a

SaO2 (%) Group S 99.2±0.5bcd 92.9±2.4a 92.7±2.2a 93.3±2.5a 94.3±2.6a

Group C 98.4±0.5bcd 91.9±2.2a 92.3±2.5a 92.8±2.3a 92.7±2.1a

PaCO2 (mmHg) Group S 45±2d 44±3d 54±5abce 43±4d 45±4d

Group C 44±2 46±2 45±3 46±2 47±2

PH Group S 7.40±0.03 7.41±0.04 7.34±0.03 7.38±0.04 7.39±0.03

Group C 7.38±0.02 7.40±0.01 7.36±0.04 7.36±0.03 7.39±0.02

HCT (%) Group S 35±4 34±4 34±3 33±4 33±4

Group C 34±5 33±4 31±3 34±4 32±3

PaO2/FiO2 Group S 405±88bcd 134±44ad 173±28abe 154±38ad 188±42abce

Group C 389±79bcd 145±38a 139±40a 136±39a 133±30a

rSO2 (%) Group S 76.5±1.6bcd 62.3±1.0ad 68.8±2.0abe 63.1±1.8ad 65.4±1.4ad

Group C 75.8±1.5bcd 63.2±1.7a 62.2±1.6a 61.6±1.9a 62.7±1.9a
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pediatric patients, including the incomplete development of organ and systemic functions, which increase the suscept
ibility to imbalances in cerebral oxygen supply and demand. When a reduction in rSO2 occurs,14 there may be 
a heightened incidence of postoperative agitation and behavioral changes, necessitating careful perioperative manage
ment and monitoring.

Perioperative monitoring of rSO2 is an advanced approach that provides real-time, non-invasive, and highly sensitive 
assessment of the balance between cerebral oxygen supply and demand. Unlike traditional monitoring methods, rSO2 

measurement is user-friendly and remains unaffected by pulsatile blood flow. However, several factors can influence its 
accuracy, including the overall condition, inspired oxygen concentration, blood pressure, pH value, PaO2, PaCO2, body 
temperature, cranial bone density, probe positioning and spacing, as well as skin pigmentation of the patient.

Despite these limitations, the findings of this study indicate that perioperative monitoring of rSO2 trends enables the 
early detection of cerebral oxygenation changes, facilitates timely intervention, and reduces the incidence of post
operative complications. This approach holds significant value in protecting brain function and mitigating the risk of 
central nervous system complications in neonates undergoing OLV.

Table 4 Comparison of Postoperative Pneumothorax Incidence, Hospital Stay Duration, Duration of Postoperative Mechanical 
Ventilation, and Serum Brain Hemoglobin Between the Two Groups

Group n Pneumothorax 
Cases (%)

Hospital Stay 
Duration 

(days)

Duration of Postoperative 
Mechanical Ventilation 

(days)

Preoperative 
Serum Brain 
Hemoglobin

Postoperative 6h 
Serum Brain 
Hemoglobin

Group S 21 3 (14.3) 25± 5.7 5 ±3.5 124.38±34.85 119.46 ±35.45a

Group C 21 4 (19) 26 ±4.8 6 ±2.3 115.78±36.24 135.59 ±45.33

Notes:ap < 0.05 compared with C group.

Figure 3 Comparison of PaO2 (A) PaO2/FiO2 (B) PaCO2 (C) and rSO2 (D) levels in the two patient groups. ap<0.05 compared with T1; bp<0.05 compared with T2; 
cp<0.05 compared with T4; dp<0.05 compared with T3; ep < 0.05 compared with Group C.
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Lpvs
LPVS primarily consists of low VT ventilation, PEEP ventilation on the ventilated lung, continuous positive airway 
pressure (CPAP) ventilation on the non-ventilated lung, lung RM, and PHC. The management of the airway during OLV 
presents considerable challenges, as maintaining adequate ventilation often necessitates the use of higher VT, which can 
lead to alveolar overdistension and exacerbate ventilator-induced lung injury. Numerous studies support the implementa
tion of LPVS in the perioperative management of OLV, demonstrating benefits that extend into the postoperative 
recovery period.15–18 In clinical practice, low VT ventilation, PEEP, and RM are commonly used to achieve lung- 
protective effects. Low VT ventilation, when compared to high VT mechanical ventilation, has been revealed to 
significantly reduce ventilator-associated lung injury.19 Findings from a study by Güldner et al indicate that low VT 
ventilation during OLV contributes to maintaining cerebral oxygen balance, potentially due to a reduction in mean 
intrathoracic pressure, which in turn enhances cerebral venous return.15 The VT was set at 8 mL/kg during two-lung 
ventilation (TLV) and 6 mL/kg during OLV for both study groups based on these considerations.

The selection of an appropriate PEEP level for the ventilated lung during surgery remains a subject of debate. 
Excessively high PEEP levels can increase pulmonary resistance and have been associated with a higher risk of 
postoperative pulmonary complications.20 Experimental studies propose that a PEEP level of 5–10 cm H2O is more 
effective in improving oxygenation compared to higher PEEP levels, potentially because this range enhances lung 
volume while at the same time improving lung compliance and reducing intrapulmonary shunting.21 Although various 
methods have been proposed for titrating PEEP levels, further research is needed to establish the most effective approach 
for selecting an optimal PEEP level in clinical practice. The primary criterion for determining the optimal PEEP level is 
its ability to sustain lung recruitment while preventing alveolar overdistension.22 RM and PEEP should be used as lung- 
protective strategies rather than solely as measures to improve oxygenation.15

In this study, a PEEP level of 5 cm H2O was combined with RM to mitigate atelectasis and counteract reductions in 
functional residual capacity, thereby optimizing oxygenation.

RM serves as a simple, cost-effective, and bedside-implementable protective intervention for lung ventilation. This 
technique involves the application of appropriate airway pressures to temporarily increase transpulmonary pressures, 
facilitating the reopening of collapsed alveoli. Once alveolar recruitment is achieved, improvements in pulmonary 
mechanics and gas exchange can be observed. However, the process of alveolar reopening may result in transient 
vascular compression, potentially leading to effects similar to alveolar overdistension, which may limit the expected 
improvement in gas exchange.23

Conventional sustained inflation, a commonly used RM technique, aims to maintain alveolar expansion but is often 
associated with respiratory and cardiovascular side effects. Additionally, the effectiveness of RM may be influenced by 
several factors, including the severity of lung injury, transpulmonary pressure, patient positioning, and cardiac preload. 
Theoretically, RM combined with PEEP should be initiated following the induction of general anesthesia and applied 
whenever a decline in blood oxygenation occurs during anesthesia maintenance. This approach allows for the main
tenance of adequate oxygenation while minimizing the fraction of inspired oxygen, thereby promoting the re-expansion 
of collapsed alveoli and improving oxygenation.24

A study by Anup et al demonstrated that RM provided significant benefits in patients with moderate to severe acute 
respiratory distress syndrome (ARDS) by facilitating alveolar re-expansion.25 Furthermore, investigations have examined 
the application of RM in non-ARDS populations.26,27

Despite hemodynamic stabilization with vasoactive agents in the present study, a reduction in MAP was observed 
following RM, emphasizing the importance of close hemodynamic monitoring during its application. The findings 
indicated that, compared to Group C, lung compliance significantly improved in Group S after RM, with notable 
increases in PaO2 and the PaO2/FiO2 ratio. These results indicate that RM during OLV contributes to enhanced lung 
compliance and improved oxygenation to a certain extent.

PHC is a ventilation strategy used in situations where reducing ventilatory pressures while maintaining adequate gas 
exchange is not feasible. This approach allows for a moderate increase in PaCO2 and a certain degree of acidemia to 
minimize the risk of ventilator-induced lung injury associated with excessive VT. A study by Kregenow et al 
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demonstrated the feasibility of moderate hypercapnia as a protective measure against lung injury in clinical practice.28 In 
recent years, the implementation of LPVS in patients with ARDS, acute lung injury, and other pulmonary conditions has 
revealed that hypercapnia exerts lung-protective effects, primarily by reducing lung injury. These benefits are believed to 
result from the anti-inflammatory properties of hypercapnia and its role in preserving the ventilation/perfusion (V/Q) 
ratio, thereby significantly decreasing the incidence of lung injury.29,30

As the mechanisms underlying the lung-protective effects of hypercapnia have been progressively elucidated, 
increasing attention has been directed toward its potential protective effects on other vital organs, including the heart, 
lungs, liver, gastrointestinal tract, and brain. The brain, in particular, is highly susceptible to ischemia and hypoxia- 
induced injury, such as oxidative stress-related damage. Research finding PHC applied to congenital diaphragm in 
newborns Mechanical ventilation for hernia, can reduce mortality, reduce extracorporeal membrane oxygenation The 
utilization rate of the contract, and do not extend the length of hospital stay.31 Studies have shown that PHC has 
protective and anti-inflammatory effects on a variety of organs, including the lungs, heart muscle, and nervous system.32

In addition to its effects on cerebral perfusion, hypercapnia influences cardiovascular function. Acute hypercapnia 
directly inhibits the contractility of cardiac and vascular smooth muscle, while indirectly increasing myocardial 
contractility and heart rate by stimulating sympathetic nervous system activation.33 Consequently, hemodynamic 
responses cannot be reliably predicted based solely on hypercapnia. Regarding its role in improving oxygenation, 
hypercapnia, despite being a potent cerebral vasodilator, also enhances the hypoxic pulmonary vasoconstriction response, 
leading to a reduction in intrapulmonary shunting and subsequent improvement in oxygenation.33

In the present study, PETCO2 in Group S was maintained within the range of 45–55 mmHg at T3 through adjustments 
in respiratory parameters, with arterial blood gas analysis indicating PaCO2 levels between 49–59 mmHg. Changes in 
PETCO2 correlated with changes in PaCO2 to some extent, likely due to the exclusion of patients with severe hypoxemia. 
After the implementation of hypercapnia, a significant improvement in the PaO2/FiO2 ratio was observed, consistent with 
findings from previous studies. The increase in rSO2 may be attributed to PaCO2 elevation, which induces cerebral 
vasodilation, thereby enhancing cerebral blood flow and improving cerebral perfusion. Blood lactate levels can help us 
understand the perfusion status of the entire body’s tissues. This study mainly uses a non-invasive cerebral oxygen 
saturation monitor to observe cerebral oxygen metabolism. It is possible that cerebrospinal fluid lactate is a better 
indicator of cerebral perfusion than blood lactate. However, whether it is measuring central venous oxygen saturation by 
drawing blood from the internal jugular vein, calculating oxygen extraction rate, or measuring cerebrospinal fluid lactate, 
none of these methods are as safe, convenient, or likely to be widely adopted in clinical practice as cerebral oxygen 
saturation monitoring in neonatal surgeries.

Peripheral blood brain hemoglobin has a certain predictive value in neonatal hypoxic-ischemic brain injury, Hypoxic- 
ischemic brain injury can induce upregulation of brain hemoglobin expression in tissue cells. The results of this study 
show that LVPS was implement during the operation can reduce the expression of serum brain hemoglobin.

In summary, the implementation of LPVS plays a key role in maintaining perioperative ventilation and oxygenation in 
neonates undergoing OLV. Lung RM contributes to improved lung compliance, while PHC provides a distinct advantage 
in optimizing the balance between cerebral oxygen supply and demand.

Limitations and Shortcomings of This Study
This study has several limitations. First, postoperative agitation and behavioral changes were not observed or compared 
between the two groups, limiting the assessment of potential neurological effects. Second, the INVOS 5100B employs 
sensors and algorithms primarily validated in adults, potentially introducing calibration bias, and significant discrepancies 
can exist in absolute readings across different NIRS sensors. These technical limitations, combined with our limited 
sample size (n=21 per group), constrain the generalizability of the findings. Therefore, we focused on rSO2 trends rather 
than absolute values, integrating these with SpO2, heart rate, blood pressure, and blood gas analysis for comprehensive 
clinical judgment. Third, patients with severe comorbidities involving key organs were excluded, which may have 
introduced the possibility of false-negative results. Addressing these limitations requires further research, including 
multicenter studies with larger sample sizes, validation of neonate-specific NIRS protocols, investigation into calibration 
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corrections across different commercial sensors, and the inclusion of additional observational parameters to generate 
more comprehensive and clinically meaningful data.

Conclusion
During neonatal OLV, a reduction in rSO2 may occur even when SpO2 remains within the normal range. Routine 
perioperative monitoring of rSO2 during neonatal OLV enables early detection of cerebral oxygenation changes, 
providing valuable guidance for perioperative neuroprotection strategies. PHC can improve rSO2 within a specific 
range in neonates undergoing OLV.
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