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Abstract: Postoperative delirium (POD) is a common postoperative complication that not only affects patients’ cognitive
functions, but may also increase the incidence of other complications, prolong hospital stays, and increase medical costs.
Currently, there is no clear prevention or treatment method , but the incidence of POD can be reduced by avoiding inducing
factors. Near-infrared spectroscopy (NIRS) technology-based monitoring of regional cerebral oxygen saturation (rScQO.) is a
non-invasive method that can reflect changes in the balance of cerebral oxygen supply and demand in real-time and is closely
related to the development and progression of POD. This article reviews the progress in the application of rScO. monitoring in
the prediction of POD, including the potential underlying mechanisms of rScO. reduction related to postoperative delirium, the
association between rScO. and POD, and the potential value of interventions based on rScO. monitoring in reducing the
incidence of POD. This article aims to provide a reference for clinical POD prevention and treatment and to offer new ideas and
methods for further research on the relationship between rScO. and POD.
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Postoperative delirium (POD) is an acute and
transient brain dysfunction that occurs after surgery. It
typically develops within 7 days postoperatively,
characterized by inattention, fluctuations in consciousness
level, and acute cognitive impairment. Symptoms of POD
may range from reduced responses to hypervigilance and
severe  agitation, accompanied by  psychiatric
manifestations such as delusions, hallucinations, and
emotion changes [1-2]. Additionally, POD not only
impairs long-term cognitive function but also increases
the incidence of other complications, prolongs hospital
stays, elevates medical costs, raises 30-day readmission
rates, and even correlates with higher mortality, exerting
a detrimental impact on patient prognosis [3]. Relevant
clinical guidelines and expert consensus statements
emphasize the importance of POD prevention. Currently,
there is no effective treatment for POD. Avoiding
perioperative risk factors associated with POD can reduce
its incidence, mitigate symptom severity, and improve
postoperative recovery outcomes [4-5]. In perioperative
management, various techniques are employed for early
detection of cerebral ischemia and hypoxia. Regional
cerebral oxygen saturation (rScO:) monitoring provides
real-time insights into cerebral oxygen supply-demand
balance and changes in cerebral blood flow, making it
clinically valuable for timely identification and
management of perioperative brain injury. Previous
studies indicate that cerebral ischemia and decreased
cerebral oxygen saturation are potential mechanisms

underlying postoperative cognitive changes [6]. Reduced
cerebral oxygen saturation is a risk factor for POD, with
proposed mechanisms including oxidative stress injury to
neurons and neuroinflammatory responses. This review
summarizes the progress of rScO. monitoring in POD
prediction, aiming to inform clinical POD prevention and
treatment strategies, and offer novel perspectives for
further research on the application of rScO. monitoring in
POD prediction.

1 Monitoring Technologies of Cerebral Oxygen
Saturation

Cerebral oxygen monitoring technologies include
intracranial pressure (ICP) monitoring, cerebral perfusion
pressure (CPP) monitoring, jugular bulb oxygen
saturation monitoring, brain tissue oxygen partial
pressure  (PbtO2) monitoring, and near-infrared
spectroscopy (NIRS) monitoring. ICP and CPP are
traditional methods for brain injury monitoring, but they
cannot fully reflect cerebral blood flow and insufficient
cerebral oxygen supply. The measurement of jugular bulb
oxygen saturation is an indirect method for assessing the
supply and demand of oxygen throughout the brain, but it
is an invasive approach with insufficient sensitivity to
focal cerebral ischemia. Brain tissue oxygen partial
pressure, monitored via microelectrodes, can reflect local
brain tissue oxygenation and has advantages of easy
operation and high data reliability. However, it is also an
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invasive measurement, and its data are affected by body
temperature, probe position (depth), and calibration time
[7].

In 1977, Jobsis [8] first used the tissue permeability
of near-infrared light to non-invasively capture
information from deep tissues such as the brain. NIRS
technology applies the modified Lambert-Beer law and
light scattering theory to assess rScO. by measuring the
absorption characteristics of different spectra, and its

baseline in healthy adults is usually between 50% and 75%

[9]. Real-time monitoring of rScO: is crucial for
preventing subclinical hypoxia and reducing long-term
hypoxic complications, and it has become a key indicator
in clinical surgical anesthesia. NIRS technology, with its
non-invasiveness, real-time performance, and ease of
operation, has rapidly become popular in fields such as
cardiothoracic surgery, neurosurgery, and intensive care.
rScO: is affected by multiple factors: under normal
cerebral blood flow autoregulation, fluctuations in mean
arterial pressure (MAP) do not significantly change rScOs-,
while outside the range of cerebral blood flow
autoregulation, such as in cardiac surgery or certain
pathological states, the impact of MAP on rScO: is
significantly enhanced [10]. Different anesthesia methods
have a significant impact on rScO- [11]. Additionally,
physiological and pathological conditions like changes in
arterial partial pressure of carbon dioxide (PaCO.),
arterial partial pressure of oxygen (Pa0O:), body
temperature, pH, and base excess (BE), as well as
surgical position, may also indirectly affect rScO- [12].

2 Potential Mechanisms of the Correlation
Between Reduced Cerebral Oxygen Saturation
and POD

The connection between decreased cerebral oxygen
saturation and POD remains unclear. Currently, two
widely recognized potential mechanisms in the academic
community are oxidative stress and neuroinflammation.

2.1 Oxidative Stress Theory

Oxidative stress refers to a pathological state caused
by an imbalance between oxygen supply and demand
within cells. During surgery, reduced cerebral oxygen
saturation may directly indicate insufficient cerebral
perfusion. When brain tissue is damaged by ischemia,
hypoxia, or ischemia-reperfusion, the production of
reactive oxygen species, reactive nitrogen species, and
lipid free radicals may exceed the body’s scavenging
capacity, or the scavenging mechanism itself may be
impaired. This leads to oxidative damage to neuronal
cells, which further triggers excitotoxicity, apoptosis, and
local inflammation, ultimately inducing POD [13]. In this
pathological process, decreased cerebral oxygen
saturation may play a crucial role in the onset of POD.

2.2 Neuroinflammation Theory

The neuroinflammation theory suggests that stress
from surgery and anesthesia (including hypoperfusion)
can stimulate peripheral neuroendocrine responses,
thereby causing neuroinflammation. During this process,
the hypothalamic-pituitary-adrenal axis is activated,
inducing  the  production of  glucocorticoids.
Glucocorticoids have extensive peripheral and central
effects, including exacerbating neuroinflammation and
ischemic injury [14]. Meanwhile, peripheral inflammation
caused by surgery and anesthesia leads to high-level
secretion of matrix metalloproteinase 9, which not only
degrades tight junctions but also causes pericyte
pathology and upregulates endocytosis, resulting in
increased blood-brain barrier permeability. This allows
peripheral inflammation to migrate to the central nervous
system, promoting neuroinflammation and synaptic
dysfunction, and inducing POD-like behaviors [15].
Inflammatory responses can also lead to cerebral
endothelial cell dysfunction and atherosclerosis, which
not only reduce cerebral blood flow but also impair
neuronal metabolic function and oxygen consumption. In
this hypothesis, decreased cerebral oxygen saturation
indicates intraoperative cerebral hypoperfusion, this may
act as an initial trigger for neuroinflammation, while also
serving as a prominent manifestation of reduced cerebral
blood flow caused by neuroinflammation. This
bidirectional interaction highlights the importance of
cerebral oxygen saturation monitoring during the
perioperative period, as it can not only warn of potential
neuroinflammation risks but also reflect the impact of
inflammation on cerebral blood flow.

Currently, the molecular and cellular mechanisms of
POD have not been fully elucidated, and there is a lack of
stronger evidence to clarify the potential role of cerebral
oxygenation in the pathogenesis of POD.

3 Correlation Between Perioperative rScO; and
POD

3.1 Correlation Between Preoperative rScO; and
POD

There is a significant correlation between
preoperative rScO2 and POD, and low preoperative
rScO2 may increase the risk of POD. Morimoto et al. [16]
conducted a prospective cohort study involving 23 elderly
patients undergoing elective abdominal surgery,
monitoring rScO2 perioperatively and assessing POD.
The results showed that the baseline rScO2 in the
delirium group was significantly lower than that in the
non-delirium group. These findings suggest that
preoperative low rScO2 may be an important risk factor
for POD in elderly patients undergoing abdominal
surgery. Collin et al. [17] observed 90 adult patients
undergoing liver resection surgery and found that patients
with POD had lower baseline left-sided cerebral rScO:
compared to those without POD, indicating that baseline
rScO2 is also associated with POD in adult patients
undergoing liver resection. Susano ef al. [18] had similar
findings: each one-point decrease in preoperative rScO2
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increased the risk of POD by 8%. In a randomized
controlled study of elderly cardiac surgery patients by Lei

et al. [19], Among patients with baseline rScO2 < 50%, 71%

developed postoperative respiratory failure (POD),
whereas only 18% of patients with baseline rScO: > 50%
experienced POD, indicating that lower baseline rScO-
correlates with a higher incidence of POD. Multiple
studies have shown that preoperative low rScO2 can
serve as an independent predictor of POD in cardiac
surgery patients, increasing the risk by 7-fold and
reflecting insufficient cerebral perfusion reserve [20-21].
He et al. [14]’s systematic review also concluded that
preoperative low rScO?2 is associated with increased POD
risk.In pediatric patients, preoperative rScO2 levels also
significantly affect POD occurrence. Liu et al. [22]’s
study included 167 children aged 1-16 undergoing
surgery, showed that the POD group had significantly
lower rScO> indicators across multiple dimensions
compared to the non-POD group, and these indicators
exhibited good sensitivity and specificity in assessing
POD risk. However, some studies have raised different
views on the relationship between preoperative baseline
rScO2 and POD. Clemmesen et al. [23] monitored 40
elderly patients aged >65 undergoing hip fracture surgery
using NIRS before and throughout the operation, finding
that preoperative rScOz <55% lasting >2 minutes was
significantly associated with 30-day mortality, but no
significant association existed between preoperative
baseline rScOz and POD. Eertmans et al. [24]’s study also
found no statistically significant difference in
preoperative rScO2 between POD and non-POD patients.
In the elderly population, multiple studies suggest
preoperative low rScO?2 is associated with increased POD
risk [14,16,19]. However, there are relatively few studies
on other age groups, and existing research is mostly
focused on cardiac surgery with insufficient evidence for
other surgical types. Future studies should further explore
the complex relationship between preoperative rScO2 and
POD, including different surgical types, age distributions,
determination of baseline rScO: thresholds, and potential
interventions. Meanwhile, the consistency of existing
results needs improvement. Thus, future research should
adopt more precise and homogeneous measurement
techniques and multivariate analysis to verify whether
preoperative rScOz is an independent predictor of POD.

3.2 Correlation Between Intraoperative rScO; and
POD

Intraoperative cerebral desaturation events in
patients typically refer to a decrease in rScO2 monitored
via NIRS during surgery, indicating reduced cerebral
blood flow and potential cerebral hypoxia. Currently, the
commonly used thresholds for intraoperative rScO2
monitoring are a drop below 80% of the baseline or an
absolute value below 55%. This decrease is potentially
closely linked to the development of POD. Xu et al. [25]
conducted a single-center randomized controlled trial and
found that maintaining MAP at the baseline level to 10%
above the baseline significantly reduced the incidence of

POD on the first postoperative day in elderly patients
undergoing hip replacement surgery. Patients in this
strategy group had significantly higher intraoperative
rScO2 than the other two groups, suggesting that the
reduced POD incidence may be related to increased
rScO2 during surgery, reflecting better cerebral oxygen
supply. Li et al. [26]’s retrospective study found that the
relative decrease of intraoperative rScO: from the
baseline is a risk factor for POD in elderly orthopedic
patients. Nakamura et al. [27] discovered that the
minimum rScO: level during cardiovascular surgery is
independently associated with POD development. Liu et
al. [28]’s prospective randomized controlled trial found
that the average and minimum rScOz were negatively
correlated with POD risk in elderly lung cancer patients
undergoing thoracoscopic surgery, while the area under
the curve (AUC) of rScO:z below 90% of the baseline was
associated with POD. Roberts et al [29]’s study
confirmed this conclusion in adult patients undergoing
thoracic surgery: the decrease in rScO2 during one-lung
ventilation was significantly associated with delayed
early cognitive recovery, increased POD risk, and
prolonged hospital stay. Wang et al. [30]’s study in
patients undergoing selective intracranial aneurysm
embolization also supported that reduced rScO2 is a
significant positive predictor of POD.

There is inconsistency in research findings regarding
which is more important between the absolute value and
relative change of rScOz in predicting POD. Schoen ef al.
[20] found that the AUC of intraoperative rScO2 below 80%
of the baseline showed no statistically significant
difference between the two groups in coronary artery
bypass grafting surgery, but the AUC of rScO: below an
absolute value of 50% was larger in the delirium group.
This indicates that the absolute value of intraoperative
rScO2 has significant predictive value for POD for
patients with normal preoperative rScOz levels. Lim et al.
[31]’s retrospective study found that an absolute
intraoperative rScOz value below 50% was significantly
associated with increased POD risk, especially in young
patients. The study recommended maintaining rScO:
above 50% during off-pump coronary artery bypass
grafting, with higher thresholds for patients under 68
years old. However, some studies suggest that the
percentage decrease of intraoperative rScOz relative to the
baseline may have a greater impact on POD than its
absolute value. Cui et al. [32] found that the minimum
intraoperative rScO2 was not associated with POD in
patients undergoing thoracotomy. When left-sided
cerebral rScO2 dropped below 90% of the baseline or
right-sided cerebral rScO2 dropped below 85% of the
baseline for 15 seconds or longer, it was significantly
associated with increased POD risk. Thus, the study
proposed that defining rScO: reduction using thresholds
of both left-sided and right-sided rScO2 below 90% of the
baseline may be more clinically reasonable.

Interestingly, Wang et al. [33] explored the
correlation between the complexity of intraoperative
rScO2 (quantified using approximate entropy and sample
entropy for rScO2 signals) and POD. It was found that
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POD patients had lower intraoperative rScO2 complexity,
and the complexity was negatively correlated with age,
suggesting it may serve as an early predictive indicator
for POD. However, this study was single-center with a
small sample size, limiting the generalizability and
reliability of its conclusions. In addition, some studies
found no correlation between intraoperative rScO: levels
and POD risk [14, 24, 34]. This may be because the
etiology and clinical manifestations of POD are complex
and cannot be fully explained by a single mechanism.
Meanwhile, inconsistent results may be influenced by
multiple factors, such as differences in assessment tools
and methods, surgical types, intervention thresholds, and
NIRS device variations. Overall, there is controversy
regarding the importance of the absolute value versus
relative change of intraoperative rScO2 in predicting
POD. Most studies suggest that maintaining
intraoperative rScO2 above a certain threshold may help
reduce POD risk, while determining the optimal rScO2
threshold requires further research and individualized
assessment considering different application scenarios.

3.3 Correlation Between Postoperative rScO2 and
POD

Multiple studies have shown that postoperative
rScOz is significantly associated with the occurrence and
severity of POD in cardiac surgery patients [35-36]. Chan
et al. [37] calculated the tissue oxygenation index using
rScO2 and MAP. The results indicated that 0.01 increase
in the tissue oxygenation index will rise 5% risk of
developing  POD, suggesting  that  impaired
cerebrovascular autoregulation in the early postoperative
period may be associated with POD after cardiac surgery.
Song et al. [38]’s study on elderly patients undergoing
abdominal surgery supported an independent association
between postoperative rScO2 and POD. Liu ef al. [22]’s
findings also revealed that postoperative rScO: could
serve as a predictive factor for POD in pediatric surgical
patients. However, He et al. [14]’s systematic review
failed to identify a significant correlation between
postoperative rScO2 and POD, which might be attributed
to the insufficient sensitivity of the rScO2 detection
threshold used in that study.

Eertmans et al. [24]’s research found that
postoperative 1ScO2 in POD patients decreased
significantly, but these differences were only detected
after the onset of POD. The sensitivity analysis of this
study showed that when rScO. data collected 8 hours
after the first diagnosis of POD were excluded, there was
no statistically significant difference in rScO2 between
POD and non-POD patients. This implies that the
decrease in rScO2 may be a manifestation or consequence
of POD, which aligns with the neuroinflammation theory
and provides a new perspective for exploring the
relationship between rScOz and POD.

Overall, although current research on the correlation
between postoperative rScO2 and POD is not yet
sufficient, preliminary literature suggests that a reduction
in postoperative rScO2 may be associated with the POD.

4 Potential Value of Perioperative rScO2
Monitoring-Guided Interventions in Reducing
POD Incidence

Multiple studies suggest that rScO2
monitoring-guided interventions have potential positive
effects in reducing POD incidence. Studies by Wang et al.
[39] and Yan et al [40] found that rScO2
monitoring-guided goal-directed therapy can decrease
POD incidence, lower postoperative levels of
inflammatory factors (interleukin-1, interleukin-6, tumor
necrosis factor-a, lactate, and S-100B protein), and
improve perioperative safety. A systematic review and
meta-analysis by Ding et al. [41] further confirmed this
finding, showing that interventions combining
electroencephalography and rScO» monitoring
significantly reduce the incidence of POD. Zhai et al. [42]
demonstrated that multimodal monitoring (integrating
rScO2 and stroke volume variation) to guide
intraoperative management helps maintain cerebral
oxygen balance and effective cerebral perfusion, thereby
enhancing postoperative recovery quality and reducing
the risk of complications (including POD). However,
some studies have questioned the efficacy of rScO:
monitoring-based interventions. A systematic review by
Semrau et al. [34] analyzed multiple interventional
studies and found no consistent supportive evidence that
such interventions effectively reduce POD incidence,
concluding that current evidence for their effectiveness
remains insufficient. Overall, perioperative 1rScO2
monitoring-guided interventions show potential in
lowering POD incidence, but existing evidence is not yet
conclusive. Their efficacy and mechanisms require
further exploration and validation through future research.
Additionally, multimodal monitoring, such as rScO2
combined with electroencephalography or stroke volume
variation may provide more comprehensive brain
function information, helping to improve treatment
precision and postoperative recovery quality.

5 Summary

POD is a common postoperative complication that
seriously affects patients' prognosis. The decreasing trend
of rScO:2 during the perioperative period is correlated
with the occurrence of POD. Although there are some
inconsistencies in research findings, most studies support
that maintaining rScO2 above a certain threshold may
help reduce the risk of POD. In addition, perioperative
rScO2 monitoring has shown potential advantages in
reducing POD and improving postoperative recovery,
especially when combined with other monitoring methods,
such as electroencephalography and stroke volume
variation. Future studies need to further clarify the role of
rScO2 monitoring in POD prevention, determine the
optimal monitoring threshold, and explore how to
optimize perioperative management strategies through
monitoring to reduce the occurrence of POD.
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Abstract: Postoperative delirium (POD) is a common postoperative complication that not only affects patients’ cognitive functions,
but may also increase the incidence of other complications, prolong hospital stay, and increase medical costs. Currently, there is no
clear prevention or treatment method , but the incidence of POD can be reduced by avoiding inducing factors. Near-infrared
spectroscopy (NIRS) technology-based monitoring of regional cerebral oxygen saturation (1ScO,) is a non-invasive method that can
reflect changes in the balance of cerebral oxygen supply and demand in real -time and is closely related to the development and
progression of POD. This article reviews the progress in the application of rScO, monitoring in the prediction of POD, including the
potential underlying mechanisms of rScO; reduction related to POD, the association between rScO, and POD, and the potential value of
interventions based on rScO, monitoring in reducing the incidence of POD. This article aims to provide a reference for clinical POD
prevention and treatment and to offer new ideas and methods for further research on the relationship between rScO, and POD.
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