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Background: Laparoscopic partial hepatectomy is a crucial treatment for primary liver cancer but is associated with risks such as 
bleeding and organ hypoperfusion due to controlled low central venous pressure (CLCVP). Regional cerebral oxygen saturation (rSO2) 
, measured using near-infrared spectroscopy (NIRS), serves as a reliable indicator of cerebral perfusion. This study aims to investigate 
the relationship between intraoperative rSO2 changes, perioperative outcomes, and neurological complications.
Methods: This retrospective study analyzed 218 elderly patients undergoing laparoscopic partial hepatectomy, grouped based on 
intraoperative rSO2 reductions of ≥10% and ≥20%. Perioperative complications were assessed. Serum neuron-specific enolase (NSE) 
levels were measured on postoperative day 3 via enzyme-linked immunosorbent assay. Hemodynamic parameters, including mean 
arterial pressure (MAP), were monitored intraoperatively.
Results: Among the 218 patients, significant rSO2 reductions were linked to higher risks of neurological complications. Patients with 
≥20% rSO2 reductions had increased incidences of delirium (30.5% vs 13.0%, p = 0.002), and elevated serum NSE levels (p < 0.05). 
Declines in MAP during critical intraoperative periods were associated with rSO2 reductions. Patients with marked rSO2 drops also 
experienced prolonged hospital stays.
Conclusion: Intraoperative rSO2 reductions, especially >20%, are linked to adverse neurological outcomes and delayed recovery. 
Combined rSO2 and NSE monitoring offers a robust strategy to optimize cerebral perfusion and improve outcomes.
Keywords: perioperative complications NSE, rSO2, cerebral perfusion, outcome

Introduction
Primary liver cancer is the sixth most common cancer globally, with China accounting for over half of the global liver 
cancer burden, making it one of the countries with the highest liver cancer incidence and mortality rates.1 Surgical 
resection remains the most effective curative treatment for liver cancer.2 However, laparoscopic liver resection poses 
significant challenges due to factors such as liver stiffness, reduced compliance, coagulopathy, and collateral circulation 
in the abdominal cavity, all of which increase the risk of intraoperative bleeding. Minimizing intraoperative blood loss 
and improving the surgical field have become key focuses for anesthesiologists managing these procedures.3,4

Controlled low central venous pressure (CLCVP) has been widely adopted in clinical practice to reduce blood loss 
and improve the surgical field during liver surgeries.5 This technique involves restricting central venous pressure (CVP) 
to below 5 mm Hg6 while maintaining adequate cardiac output and arterial blood pressure using measures such as 
restrictive fluid management, appropriate anesthetic depth, vasopressors, and patient positioning.7,8 Despite its benefits, 
CLCVP can lead to hypoperfusion of critical organs, including the brain, kidneys, and heart, resulting in perioperative 
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complications. Brain oxygen saturation (rSO2) monitoring, as demonstrated by several studies, provides a reliable and 
non-invasive method to assess cerebral perfusion levels during surgery.9,10

Previous research has primarily focused on the general benefits of CLCVP in reducing intraoperative bleeding and 
improving the surgical field, but the broader implications of this technique on systemic and organ-specific perfusion have 
been less explored.11 Many studies have reported adverse events associated with CLCVP, such as transient hypotension 
and decreased cerebral perfusion, but these studies often lack comprehensive assessments of neurological outcomes, such 
as postoperative delirium and cognitive dysfunction.12–14 Moreover, most studies rely on subjective clinical observations 
or crude markers, such as arterial blood pressure, to infer organ perfusion, which may not accurately reflect dynamic 
changes in cerebral oxygenation.15

Existing clinical tools for monitoring cerebral oxygenation, including near-infrared spectroscopy (NIRS)-based rSO2 

monitoring, have demonstrated promise in providing real-time, non-invasive insights into cerebral perfusion.16 However, 
the application of rSO2 monitoring in liver surgeries, especially in elderly patients undergoing laparoscopic procedures, 
remains underutilized. While rSO2 monitoring can detect intraoperative cerebral desaturation events (CDEs), its 
correlation with neurological and systemic outcomes, such as postoperative delirium and cognitive dysfunction, is not 
yet fully understood.17 Additionally, biomarkers like neuron-specific enolase (NSE), which reflect neuronal injury, have 
rarely been integrated with rSO2 monitoring to provide a more comprehensive assessment of brain health during and after 
surgery.18,19

There is an unmet need to bridge these gaps in understanding the broader implications of CLCVP on cerebral 
oxygenation and neurological outcomes. A comprehensive approach that combines real-time rSO2 monitoring with 
biochemical markers, such as NSE, could provide deeper insights into the pathophysiology of brain hypoperfusion and its 
consequences in elderly surgical patients.20 Furthermore, evaluating rSO2 thresholds and their relationship with post
operative complications could lead to more precise perioperative management strategies to mitigate risks and improve 
recovery.21

The aim of this study was to investigate the association between intraoperative changes in rSO2 and perioperative 
outcomes in elderly patients undergoing laparoscopic partial hepatectomy.

Methods
Inclusion and Exclusion Criteria
The study was approved by the People’s Hospital of Xinjiang Uygur Autonomous Region, and informed written consent 
was obtained from all the analyzed patients. This study included elderly patients undergoing elective laparoscopic partial 
hepatectomy. The inclusion criteria were patients aged 60 years or older, classified as ASA II or III, with Child-Pugh 
liver function grades A or B. Patients were excluded if they had severe dysfunction of critical organs such as the heart or 
lungs, a history of cerebrovascular disease, significant coagulopathy, or neurological/psychiatric disorders. Additionally, 
patients with a preoperative Mini-Mental State Examination (MMSE) score below 24 or those unable to communicate 
normally were excluded from the study.

Controlled Low Central Venous Pressure (CLCVP) Protocol
All patients underwent controlled low central venous pressure (CLCVP), which was defined as maintaining central 
venous pressure (CVP) at 0–5 mm Hg while ensuring systolic arterial pressure remained at or above 90 mmHg or mean 
arterial pressure (MAP) at or above 60 mmHg. Various techniques were utilized to achieve and maintain this pressure 
range during surgery.

Anesthesia Protocol
After admission, standard monitoring, including electrocardiography (ECG), heart rate (HR), and peripheral arterial 
oxygen saturation (SpO2), was initiated. Patients were warmed using a thermal warming system, and nasopharyngeal 
temperature along with neurophysiological function were monitored. Radial artery cannulation was performed under 
local anesthesia for invasive blood pressure monitoring, and both peripheral and central venous access was established. 
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Prior to anesthesia induction, all patients underwent radial artery cannulation for continuous invasive arterial blood 
pressure (IABP) monitoring, ensuring real-time hemodynamic assessment throughout the peri-induction and intraopera
tive period; this also enabled calculation of dynamic parameters such as stroke volume variation (SVV) and pulse 
pressure variation (PPV) for fluid management.

Local infiltration anesthesia was administered as part of multimodal analgesia and perioperative support exclusively 
at trocar insertion sites. The primary trocar at the umbilical region (used for laparoscopic camera access) received layered 
infiltration anesthesia targeting the skin, subcutaneous tissue, and anterior rectus sheath within a 2–3 cm radius of the 
incision. Additional 3–4 auxiliary ports (5–10 mm in diameter) were anesthetized similarly in a layer-by-layer manner 
(skin → subcutaneous → fascial layers). Ropivacaine was used for all infiltration procedures, with total dosage strictly 
limited to ≤2 mg/kg to prevent local anesthetic systemic toxicity. Anesthesia induction was achieved with sequential 
intravenous administration of midazolam (0.03 mg/kg), propofol (1.5–2.5 mg/kg), sufentanil (0.4–0.5 μg/kg), and 
cisatracurium besylate (0.15–0.2 mg/kg). Following successful tracheal intubation, mechanical ventilation was initiated 
with tidal volumes of 8–10 mL/kg, a respiratory rate of 10–14 breaths/min, a flow rate of 2 L/min, and an oxygen 
concentration of 60%. End-tidal carbon dioxide pressure was maintained at 35–40 mmHg, and the bispectral index (BIS) 
was targeted between 40 and 60. Before the surgical incision, 10–15 mL of 0.5% ropivacaine was administered for local 
infiltration. Anesthesia was maintained using intermittent doses of cisatracurium, sevoflurane inhalation, and remifentanil 
infusion. At the end of the surgery, anesthesia was discontinued, sevoflurane was flushed with an oxygen flow rate of 8 L/ 
min, and residual neuromuscular blockade was reversed using neostigmine and atropine. All patients adhered to the 
CLCVP protocol during the surgery.

During anesthesia maintenance, sevoflurane concentration was maintained between 1.0–2.0%, titrated to achieve 
a BIS range of 40–60. The concentration was adjusted by 0.2–0.3% if BIS deviated outside this range. Remifentanil was 
continuously infused at 0.1–0.3 µg·kg−1·min−1 using a microinfusion pump, starting at 0.1 µg·kg−1·min−1. The total daily 
dosage did not exceed 10 µg/kg. Neostigmine was administered at 0.02–0.03 mg/kg (maximum 2.5 mg), combined with 
atropine in a 1:2 fixed ratio (0.01–0.015 mg/kg, maximum 1.2 mg). Both drugs were mixed, diluted with 5–10 mL saline, 
and slowly injected over 2–3 minutes. Quantitative neuromuscular monitoring guided reversal, and no empirical dosing 
was applied.

Postoperative Assessments
On postoperative day 3, all patients underwent assessments for delirium and postoperative cognitive dysfunction 
(POCD). Delirium was evaluated using the Confusion Assessment Method (CAM), which includes acute onset of mental 
status changes, inattention, disorganized thinking, and altered levels of consciousness. A diagnosis of delirium was made 
if the patient met the criteria for either acute onset and inattention plus disorganized thinking, or acute onset and 
inattention plus altered consciousness.

POCD was assessed using the MMSE, which evaluates five cognitive domains: recall, language, memory, calculation, 
and orientation. Scores ranged from 0 to 30, with higher scores indicating better cognitive function. To account for diurnal 
variations, all evaluations were conducted by the same physician between 20:00 and 21:00. A decline of at least one 
standard deviation (SD) in MMSE score from preoperative to postoperative assessments was used as the diagnostic 
criterion for POCD. An unauthorized version of the Chinese MMSE was used by the study team without permission, 
however this has now been rectified with PAR. The MMSE is a copyrighted instrument and may not be used or reproduced 
in whole or in part, in any form or language, or by any means without written permission of PAR (www.parinc.com).

Measurement of Serum NSE Levels
Serum neuron-specific enolase (NSE) levels, a marker of neuronal injury, were retrospectively measured on 
postoperative day 3 using enzyme-linked immunosorbent assay (ELISA), ie, serum samples collected on 
postoperative day 3 (POD3) were analyzed offline, rather than being tested immediately after collection. Elevated 
serum NSE levels are indicative of neuronal damage and were used to assess the extent of neurological injury in the 
study population.
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Statistical Analysis
Statistical analysis was performed using SPSS software. Continuous variables were presented as mean ± standard 
deviation (SD) and compared between groups using unpaired t-tests or Mann–Whitney U-tests, as appropriate. 
Categorical variables were expressed as counts and percentages, and comparisons were made using Fisher’s exact test 
or chi-squared tests. A p-value of less than 0.05 was considered statistically significant. Receiver operating characteristic 
(ROC) curve analysis was conducted to evaluate the diagnostic performance of serum NSE levels for predicting POCD.

Results
Study Design and Patient Grouping
The study design is summarized in Figure 1. Out of 300 elderly patients who underwent laparoscopic partial hepatect
omy, 82 were excluded based on predefined criteria, leaving 218 patients for analysis. These patients were categorized 
into groups based on the extent of intraoperative regional cerebral oxygen saturation (rSO2) reduction: 179 patients 
experienced an rSO2 decrease of ≥10% (D10), while 39 did not (ND10). Similarly, 95 patients experienced an rSO2 

decrease of ≥20% (D20), while 123 did not (ND20). This stratification allowed for targeted analysis of clinical and 
perioperative outcomes in relation to rSO2 reductions.

Baseline and Perioperative Factors are Not Linked to rSO2 Reduction
Comparisons were made between groups to evaluate whether baseline demographic and surgical factors influenced rSO2 

reductions. No significant differences were found between the D10 and ND10 groups (Table S1) or the D20 and ND20 
groups (Table 1) in terms of age, body mass index (BMI), pre-existing conditions, operation time, intraoperative blood 

Figure 1 Inclusion and grouping of the retrospective study.
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loss, or infusion quantities. These findings suggest that rSO2 reductions are not driven by these baseline or perioperative 
factors.

Intraoperative rSO2 Reduction Is Associated with Decreased MAP
To further explore the impact of rSO2 reductions during surgery, intraoperative hemodynamic changes were compared. 
Among the 95 patients in the D20 group, 68 patients (71.6%) experienced MAP <66 mmHg at critical intraoperative 
timepoints (10 minutes after incision and 10 minutes post-hepatectomy). While heart rate remained similar across all 
groups and time points (Table S2), MAP was significantly lower in the D20 group compared to the ND20 group at key 
intraoperative time points, including 10 minutes after the operation began (p = 0.008) and 10 minutes post-hepatectomy 
(p = 0.014) (Table 2). The optimal MAP cutoff was determined to be <66 mmHg, with an AUC of 0.737 (95% CI: 
0.645–0.851, p<0.001), sensitivity of 68.9%, and specificity of 71.2%. These results indicate a link between significant 
MAP reductions and cerebral hypoperfusion in patients with greater rSO2 decreases.

Table 1 Demographic and Clinical Factors of Elderly Patients Underwent 
Laparoscopic Partial Hepatectomy with 20% Decrease of rSO2 

Intraoperatively (D20) or Not (ND20)

ND20 (n = 123) D20 (n = 95) p value

Age (years) 67.46 ± 6.98 68.25 ± 7.41 0.156

Body mass index (kg/m2) 23.52 ± 3.83 23.76 ± 3.93 0.712

Gender

Male 68 (55.3%) 54 (56.8%) 0.891

Female 55 (44.7%) 41 (43.2%)

ASA

II 50 (40.7%) 38 (40%) 0.999

III 73 (59.3%) 57 (60%)

Child-Pugh score

A 49 (39.8%) 31 (32.6%) 0.322

B 74 (60.2%) 64 (67.4%)

Diabetes mellitus

Yes 25 (20.3%) 25 (26.3%) 0.332

No 98 (79.7%) 70 (73.7%)

Hypertension

Yes 33 (26.8%) 32 (33.7%) 0.298

No 90 (73.2%) 63 (66.3%)

Operation time (min) 214.80 ± 57.25 221.15 ± 55.93 0.327

Intraoperative blood loss (mL) 289.59 ± 97.36 276.18 ± 98.42 0.214

Infusion quantity (mL) 1859.75 ± 553.28 1878.43 ± 547.02 0.321

Notes: The data were presented as mean ± SD or n (percentage). The comparisons of data between 
the two groups were done by Mann Whitney test or Unpaired t test with Welch’s correction or 
Fisher’s exact test. 
Abbreviation: ASA, American Society of Anesthesiologists.
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Neurological Complications are More Common with Greater rSO2 Reduction
The association between intraoperative rSO2 reductions and postoperative complications was then examined. While no 
significant differences were observed between D10 and ND10 groups in the incidence of postoperative complications 
(Table S3), the D20 group showed markedly higher rates of postoperative hypothermia, shivering, delirium on 
postoperative day 3, and POCD compared to the ND20 group (Table 3). These findings highlight the increased risk of 
neurological complications in patients with significant rSO2 reductions.

Table 2 Comparisons of Heart Rate (HR) and Mean Arterial Pressure (MAP) During the Operation Between 
Elderly Patients Underwent Laparoscopic Partial Hepatectomy with 20% Decrease of rSO2 Intraoperatively (D20) 
or Not (ND20)

HR MAP

ND20 (n = 123) D20 (n = 95) p ND20 (n = 123) D20 (n = 95) p

Pre-anesthesia 76.14±10.48 76.03±10.94 0.876 90.63±10.52 90.07±11.02 0.746

Beginning of operation 72.76±10.63 71.35±10.86 0.264 83.04±12.45 79.86±13.41 0.085

10 min after operation start 68.68±11.22 67.75±11.21 0.773 78.33±10.62 72.46±10.37 0.008

10 min after hepatectomy 68.03±10.94 67.16±10.37 0.295 82.72±10.14 78.24±10.35 0.014

End of operation 71.64±11.14 70.57±11.43 0.259 86.87±10.89 84.93±11.14 0.173

Notes: The data were presented as mean ± SD. The comparisons of data between the two groups were done by Mann Whitney test or Unpaired 
t test with Welch’s correction.

Table 3 Comparisons of Perioperative Complications 
Between Elderly Patients Underwent Laparoscopic 
Partial Hepatectomy with 20% Decrease of rSO2 

Intraoperatively (D20) or Not (ND20)

ND20 (n = 123) D20 (n = 95) p value

Postoperative hypothermia

Yes 31 (25.2%) 41 (43.2%) 0.006

No 92 (74.8%) 54 (56.8%)

Nausea and vomiting

Yes 46 (37.4%) 48 (50.5%) 0.055

No 77 (62.6%) 47 (49.5%)

Shivering

Yes 39 (31.7%) 47 (49.5%) 0.008

No 84 (68.3%) 48 (50.5%)

Delirium at 3 days post-operation

Yes 16 (13.0%) 29 (30.5%) 0.002

No 107 (87.0%) 66 (69.5%)

POCD at 3 days post-operation

Yes 13 (10.6%) 28 (29.5%) < 0.001

No 110 (89.4%) 67 (70.5%)

Notes: The data were presented as n (percentage). The comparisons 
of data between the two groups were done by Fisher’s exact test. 
Abbreviation: POCD, Postoperative cognitive dysfunction.
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Recovery Is Delayed with Greater rSO2 Reduction
The impact of rSO2 reductions on recovery was assessed through postoperative hospital stay. While no significant 
difference in hospital stay was observed between the D10 and ND10 groups (Figure 2A), the D20 group exhibited 
significantly prolonged stays compared to ND20 (Figure 2B). This suggests that substantial rSO2 reductions during 
surgery may delay recovery and discharge.

Neurological Injury Is Reflected by Increased Serum NSE Levels
Finally, serum neuron-specific enolase (NSE) levels, a marker of neuronal injury, were compared between groups. No 
significant difference was observed in postoperative hospital stay between D10 and ND10 groups (Figure S1A). On 
postoperative day 3, NSE levels were significantly higher in the D20 group compared to ND20 (p < 0.001) (Figure S1B). 
The elevated NSE levels in D20 patients correlate with the increased rates of delirium, providing further evidence of 
neurological injury linked to substantial rSO2 reductions.

Discussion
This study investigated the relationship between intraoperative reductions in rSO2 and perioperative outcomes, including 
neurological complications and biochemical markers, in elderly patients undergoing laparoscopic partial hepatectomy. 
The findings highlight the significant impact of intraoperative cerebral hypoperfusion, particularly when rSO2 reductions 
exceed 20%, on postoperative recovery and neurological outcomes.22

Our results demonstrate that reductions in rSO2 are associated with increased risks of postoperative delirium and 
POCD. This finding underscores the importance of continuous intraoperative rSO2 monitoring as a non-invasive, real- 
time tool to identify cerebral hypoperfusion. The sensitivity of rSO2 in detecting early CDEs provides an opportunity for 
timely intervention to mitigate adverse outcomes. For example, several practical strategies can be employed: using NIRS- 
guided goal-directed therapy, maintaining normocapnia and normoxia, avoiding deep hypotension and over-sedation, 
ensuring neuromuscular reversal with TOF monitoring, and conducting early postoperative neurological assessments. 
These measures offer a clinically actionable approach to enhance perioperative neuroprotection in elderly patients. While 
the use of NIRS for rSO2 monitoring has been well-established in cardiac and thoracic surgeries, this study highlights its 
applicability in liver resection surgeries, particularly in the elderly population who are at higher risk of hypoperfusion- 
related complications.23 Serial monitoring of serum NSE levels throughout the perioperative period—rather than relying 
solely on a single POD3 measurement—may provide a more accurate and dynamic reflection of evolving neuronal injury, 
allowing clinicians to correlate biochemical markers with intraoperative cerebral desaturation patterns (eg, rSO2 decline), 
assess the timing and magnitude of neuronal stress, and implement timely neuroprotective interventions.

Figure 2 Comparisons of postoperative hospital stay (A) and serum NSE levels at 3 days post-operation (B) between elderly patients underwent laparoscopic partial 
hepatectomy with 20% decrease of rSO2 intraoperatively (D20) or not (ND20). The data were presented as mean ± SD. The comparisons of data between the two groups 
were done by Mann Whitney test.
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The use of CLCVP is integral in reducing intraoperative blood loss and improving the surgical field. However, as 
shown in this study, the technique may inadvertently lead to reduced cerebral perfusion. Significant reductions in MAP, 
observed particularly in patients with greater rSO2 declines, further contribute to hypoperfusion risks. This dual-edged 
nature of CLCVP emphasizes the need for balanced anesthetic and hemodynamic management strategies. Optimizing 
fluid therapy, titrating vasopressors, and maintaining MAP within adequate ranges while adhering to CLCVP protocols 
may help minimize the risks of cerebral hypoperfusion.24 Although the absolute difference in MAP between groups was 
approximately 6 mmHg, even such modest reductions may be clinically meaningful in elderly patients with impaired 
cerebral autoregulation. In this population, small drops in MAP can disproportionately reduce cerebral perfusion 
pressure, leading to measurable declines in rSO2 and potential postoperative neurological impairment. Previous studies 
on CLCVP have largely focused on its role in reducing intraoperative blood loss, with limited emphasis on its broader 
systemic and neurological effects. While some studies have reported adverse hemodynamic events, few have directly 
correlated these with neurological outcomes or biochemical markers. This study addresses these gaps by providing 
a detailed analysis of rSO2 reductions, perioperative neurological outcomes, and serum NSE levels in the context of liver 
resection surgeries.25 Additionally, the study contributes to the growing body of evidence supporting the use of NIRS 
technology for intraoperative cerebral monitoring.

This study found elevated serum NSE levels in patients with significant rSO2 reductions, correlating with increased 
rates of delirium. NSE serves as a sensitive biochemical marker of neuronal injury and provides additional insight into 
the extent of brain damage. The combination of rSO2 monitoring and NSE measurement offers a comprehensive 
approach to evaluating cerebral perfusion and neurological injury.26 Future studies should explore the integration of 
these tools in clinical practice to improve early detection and management of perioperative neurological complications. 
Importantly, the interpretation of cerebral oxygen saturation measurements is significantly influenced by the probe 
location. The frontal lobe placement of rSO2 sensors, as used in this study, primarily reflects regional cortical perfusion 
and may not fully represent global cerebral oxygenation status. Therefore, caution should be exercised when generalizing 
our findings, as variations in probe positioning (eg, global vs regional monitoring) could yield different cerebral perfusion 
patterns and clinical implications.

To translate rSO2 monitoring into actionable intraoperative strategies, we propose several proactive interventions 
aimed at mitigating cerebral hypoperfusion. First, maintaining a mean arterial pressure (MAP) above the identified 
threshold of 66 mmHg is essential during key phases of surgery, particularly under low CVP conditions. This can be 
achieved through targeted vasopressor support and precise fluid management. Second, anesthetic depth should be 
continuously adjusted in response to real-time BIS and rSO2 trends to prevent excessive vasodilation and secondary 
hypotension. Third, adopting individualized cerebral oxygenation thresholds—normalized to baseline rSO2 values— 
allows for earlier recognition of hypoperfusion risk. Finally, any significant rSO2 decline should prompt immediate 
reassessment of systemic hemodynamics, ventilatory status (eg, PaCO2), and patient positioning to optimize cerebral 
perfusion. These recommendations would support an integrated, patient-specific neuroprotective approach during elderly 
laparoscopic hepatectomy.

Several limitations must be acknowledged. First, the retrospective design may introduce selection bias, limiting the 
generalizability of the findings. Second, while rSO2 and NSE levels were valuable markers, other potential contributors 
to perioperative neurological complications, such as inflammation or pre-existing cognitive impairment, were not fully 
assessed. Third, the sample size, though adequate for subgroup analysis, may limit the statistical power for detecting 
smaller effect sizes. Future prospective studies with larger cohorts and more comprehensive evaluations of neurological 
outcomes are warranted. This study opens avenues for further research into the optimization of CLCVP protocols to 
balance the benefits of reduced intraoperative bleeding with the risks of cerebral hypoperfusion. Investigating alternative 
strategies, such as individualized rSO2 thresholds and combined use of NIRS with biochemical markers like NSE, could 
enhance patient outcomes. Further, although our study utilized a static CVP threshold to guide fluid restriction, future 
studies may benefit from incorporating dynamic parameters such as pulse pressure variation (PPV), which offer more 
physiologically responsive indicators of fluid responsiveness in mechanically ventilated patients. Additionally, prospec
tive trials incorporating neurocognitive assessments at multiple time points may provide a deeper understanding of the 
long-term impact of intraoperative cerebral desaturation.
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Conclusions
Intraoperative reductions in rSO2 are associated with adverse perioperative outcomes, including neurological complica
tions and delayed recovery, in elderly patients undergoing laparoscopic partial hepatectomy. Combining rSO2 monitoring 
with serum NSE measurement offers a robust approach to detecting and managing cerebral hypoperfusion. These 
findings emphasize the need for integrated perioperative strategies to optimize cerebral perfusion, reduce complications, 
and improve recovery in this high-risk population.
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