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Abstract

Background: Postoperative cognitive dysfunction (POCD) is common after surgery and anesthesia, particularly in
older patients. It has been reported that regional cerebral oxygen saturation (rSO,) monitoring potentially influences
the occurrence of POCD. However, its role in the prevention of POCD remains controversial in older patients.
Additionally, the quality of evidence on this topic is still relatively poor.

Methods: The electronic databases PubMed, EMBASE, Web of Science, and Cochrane Library were systematically
searched using the indicated keywords from their inception to June 10, 2022. We limited our meta-analysis

to randomized controlled trials (RCTs) that assessed the effects of rSO, monitoring on POCD in older patients.
Methodological quality and risk of bias were assessed. The primary outcome was the incidence of POCD during
hospitalization. The secondary outcomes were postoperative complications and the length of hospital stay (LOS).
Odds ratios (OR) and 95% confidence intervals (Cl) were calculated to determine the incidence of POCD and
postoperative complications. The standardized mean difference (SMD) instead of the raw mean difference and 95% Cl
were calculated for LOS.

Results: Six RCTs, involving 377 older patients, were included in this meta-analysis. The incidence of POCD ranges
from 17 to 89%, with an overall prevalence of 47% in our pooled analysis. Our results demonstrated that rSO,-guided
intervention could reduce the incidence of POCD in older patients undergoing non-cardiac surgery (OR, 0.44; 95%
Cl,0.25 10 0.79; P=0.006) rather than cardiac surgery (OR, 0.69; 95% Cl, 0.32 to 1.52; P=0.36). Intraoperative rSO,
monitoring was also associated with a significantly shorter LOS in older patients undergoing non-cardiac surgery
(SMD, -0.93; 95% Cl, -1.75 to -0.11; P=0.03). Neither the incidence of postoperative cardiovascular (OR, 1.12; 95% (|,
04010 3.17; P=0.83) nor surgical (OR, 0.78; 95% Cl, 0.35 to 1.75; P=0.54) complications were affected by the use of
rSO, monitoring.
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Conclusion: The use of rSO, monitoring is associated with a lower risk of POCD and a shorter LOS in older patients
undergoing non-cardiac surgery. This may have the potential to prevent POCD in high-risk populations. Further large
RCTs are still warranted to support these preliminary findings.
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Background

With the advancement of medical technology, an increas-
ing number of older patients have gained access to surgi-
cal treatment in recent decades. To date, approximately
half of the older population is estimated to have under-
gone at least one surgery. Compared to younger patients,
the older population has been reported to be much more
prone to developing perioperative complications follow-
ing surgery and anesthesia due to a higher prevalence
of comorbidities and increased perioperative risk [1, 2].
Postoperative cognitive dysfunction (POCD), a com-
mon complication of surgery and anesthesia, has been
recognized as a new-onset cognitive impairment after
any type of surgical intervention, including cardiac and
non-cardiac surgery, especially in the geriatric popula-
tion, which may persist for a few days, months, or even
years [3, 4]. POCD is broadly characterized by a series
of alterations in neurocognitive conditions and behavior,
including impaired memory, poor comprehension, and
reduced attention [5]. Previous studies have revealed that
the incidence of POCD in older individuals varies from
16.7 to 89% one week after surgery [6—9]. It is well estab-
lished that POCD is associated with a range of negative
outcomes, including prolonged hospitalization, changes
in mood and personality, reduced quality of life, heavy
burden on the family and society, and increased mortality
[10, 11].

Regional cerebral oxygen saturation (rSO,) monitor-
ing, a non-invasive method to monitor cerebral perfusion
and ischemia that is measured by near-infrared spec-
troscopy (NIRS), has played an essential role in guiding
or optimizing perioperative management [12]. Several
studies have revealed that a lower level of rSO, during
surgery is strongly associated with an increased risk of
POCD [13-15]. However, other studies failed to reveal
the potential association between intraoperative rSO,
values and the incidence of POCD [16-18], which raises
the question of the clinical validity of rSO, monitoring in
preventing POCD, especially in older surgical patients.
Furthermore, no consensus exists regarding the role of
rSO, monitoring-based management in the prevention of
POCD. Additionally, the quality of evidence on this topic
is relatively poor among currently published meta-analy-
ses [19-22]. Moreover, the clinical value of rSO, between
cardiac and non-cardiac surgical patients has not yet
been established.

Considering that the quality of life among older
patients is impaired by long-standing POCD and that

the conflicting results vary from existing studies, we
conducted this systematic review and meta-analysis to
gather the existing literature and explore the associa-
tion between rSO, monitoring and early POCD during
hospitalization in older patients. We hypothesized that
rSO,-based perioperative management has a predictive
value for the incidence of POCD and other common
adverse events in this high-risk population.

Methods

This meta-analysis was conducted in accordance with the
recommendations and guidelines of the Cochrane Hand-
book for Systematic Reviews of Interventions (Version
6.3). A checklist is included in Additional file 1. The pro-
tocol was registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) at the National
Institute for Health Research (CRD42020204570). As
the present analysis was based on a systematic review of
previously published studies, institutional review board
approval and patient consent were deemed unnecessary.

Search strategy

A systematic literature search was conducted by one
reviewer (X.H.D.) on PubMed, EMBASE, Web of Sci-
ences, and Cochrane Library from the inception of each
database to June 10, 2022. We used a combination of
Medical Subject Headings (MeSH) and keywords with
various synonyms that reflect the following concepts:
“POCD; “rSO,” and “older”. We also manually examined
the reference lists of relevant articles to identify other eli-
gible sources. No language restriction was applied and
no filter for publication type were used. Full details of the
search strategy, including the complete search strings, are
available in Additional file 2.

Study selection criteria

We limited our meta-analysis to randomized controlled
trials (RCTs) assessing the effects of rSO, monitoring on
POCD. We also selected studies based on the following
criteria: (a) participants aged =260 years; (b) the study had
at least one intervention group (rSO,-guided anesthesia)
and one control group (routine care); (c) patients who
had surgeries under anesthesia; and (d) the occurrence
of POCD evaluated by definitive diagnostic criteria was
reported in the study. Studies were excluded if they were:
(a) not an RCT; (b) ongoing studies; (c) not full-text stud-
ies; (d) duplicates of previous reports; and (e) unable to
extract data for analysis.
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Two reviewers (G.A. and C.M.Z.) independently and
in parallel screened the titles and abstracts. The full texts
of the selected articles were then retrieved and screened
for eligibility by the same reviewers. In cases of disagree-
ment between the reviewers, a consensus was ultimately
reached within the author group for a final decision.

Data extraction

Using standardized forms, two reviewers (Y.Z. and
Z.X.C) independently extracted relevant information.
After independent data extraction, the two reviewers
consulted each other to identify disagreements and reach
a consensus with the third reviewer (X.H.D.). The data
extraction form included the following: first author, pub-
lication year, participants, sample size of each group, type
of surgery, intervention, monitoring device, assessment
methods for POCD, definition of abnormal rSO, values,
and outcomes measured. We contacted the authors of
eligible studies if missing data associated with the analy-
sis were pertinent to our analysis.

Assessment of methodological quality and risk of
bias

Two reviewers (G.A. and T.M.Z.) independently assessed
the risk of bias of individual studies according to ver-
sion 2 of the Cochrane tool for assessing the risk of
bias in randomized trials (RoB2) [23]. Any disagree-
ments were resolved by group discussion or by a third
reviewer (B.G.). For each study, we assessed the risk of
bias in the following domains: randomization process,
deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the
reported result. We judged each study as having a low or
high risk of bias, or some concerns with respect to the
level of risk of bias.

The methodological quality of outcomes pooled across
trials was independently evaluated using the Grades of
Recommendation, Assessment, Development, and Evalu-
ation (GRADE) by the two reviewers [24]. The quality of
evidence for each outcome was graded as high, moderate,
low, or very low based on the following domains: risk of
bias, inconsistency, imprecision, indirectness, and publi-
cation bias. Studies with both high and moderate quality
are referred to as high quality, whereas low and very low
graded studies are considered low quality.

Primary and secondary outcomes

The primary outcome of interest was the incidence of
POCD ascertained seven days after surgery or, if not
reported, the time point closest to seven days during
hospitalization after surgery. Neuropsychological tests
for the diagnosis of POCD were performed before and
within one week after surgery. The secondary outcomes
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included postoperative complications and length of hos-
pital stay (LOS).

Statistical analysis

All statistical analyses were performed using Review
Manager (version 5.3; Cochrane Collaboration, Oxford,
UK) and R software (version 4.2.0; The R Foundation,
Vienna, Austria). Odds ratios (OR) and 95% confidence
intervals (CI) were calculated using the Mantel-Haenszel
method for dichotomous outcomes (e.g., the incidence of
POCD and postoperative complications). The standard-
ized mean difference (SMD), instead of the raw mean
difference, and 95% CI were calculated using the inverse
variance method for continuous variables (e.g., LOS). Sta-
tistical heterogeneity across studies was assessed using I?
and Cochran’s Q test values, where an I value of more
than 50% and a Cochran’s Q test with a P<0.10 was con-
sidered significant for heterogeneity [25]. If I* was >50%
or P<0.10, the random effects model was used because
of considerable heterogeneity among the studies. Other-
wise, the fixed-effects model was applied. Subgroup anal-
yses based on the type of surgery (cardiac vs. non-cardiac
surgery) were subsequently performed to obtain more
specific results. UAbbe, Galbraith, and Baujat plots were
constructed to explore the relative contribution of each
primary-level study to the overall heterogeneity in more
depth and to control for the presence of potential outli-
ers. A funnel plot was established to determine the exis-
tence of potential publication bias by visual inspection of
the asymmetry. Additionally, we performed Egger’s tests
to evaluate publication bias among the included stud-
ies, although its capacity to detect such bias was limited
when meta-analyses were based on a limited number of
small trials [26]. A significant publication bias was con-
sidered when there was asymmetry in the former, and a
statistically significant bias coefficient was noted in the
latter. P<0.05 was considered statistically significant for
all the statistical tests.

Results

Literature search

A flowchart of the study screening and selection process
is shown in Fig. 1. A total of 573 relevant publications
were identified. After removing 214 duplicate studies,
359 studies were screened at the title and abstract lev-
els. A total of 276 studies were excluded because they
failed to meet our inclusion criteria. Of the remain-
ing 83 eligible studies, we further excluded a total of 77
articles for one or more of the following reasons: not an
RCT (n=48), ineligible participants under the age of 60
(n=12), no outcomes of interest reported (n=7), study
protocol (n=5), conference abstracts with data that
could not be extracted for analysis (n=3), overlap popu-
lation (n=1), and irrelevant study involving non-general
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Fig. 1 The flowchart for study screening and selection process

anesthesia patients (#=1). Ultimately, six RCTs involving
377 older patients were included in this meta-analysis [6,

7,27-30].

Characteristics of included studies
The detailed clinical characteristics of the included stud-
ies are summarized in Table 1. Among these RCTs, two

—> Not an RCT (n = 48)

(n=0)

Reports excluded:

Ineligible patients (n = 12)
No outcomes of interest
reported (n=7)

Study protocol (n = 5)
Conference abstracts (n = 3)
Overlap population (n = 1)
Other (n=1)

included 122 older patients who underwent cardiac sur-
gery [29, 30], whereas the other four studies included
255 older patients who underwent non-cardiac major
surgery, including abdominal non-vascular surgery and
orthopedic surgery [6, 7, 27, 28]. All patients were ran-
domly divided into intervention and control groups.
In the intervention group, patients were managed with
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Table 1 Characteristics of studies included in the analysis
Study Sam- Groups Participants  NIRS Surgery  Assess- Assessment Definition of cerebral Quality
ple device type ment timeline desaturation of the
size methods evidence
(GRADE)
Yang et al,, 26 1G(n=12) >65yr Masimo spinal MoCA pre-surgery, post-  adrop of more than 20%  ©®®®
2021 (7] CG(n=14) surgery operative 7 d from baseline value High
Jingetal, 60 IG(n=30) >60yr OXImeter  shoulder MMSE, pre-surgery, post-  adrop of more than20%  @®®0O
2021 [28] CG (n=30) ar- MoCA operative 1-3d from baseline value or Moderate
throscop- rSO, less than 50%
ic surgery
Kunstetal, 82 IG(n=42) >65yr INVOS CABG MMSE pre-surgery, post-  a drop of more than 15%  ®O®®
2020 [29] CG (n=40) operative 3-5d from baseline value or High
rSO, less than 50%
Sahanetal, 40 IG(h=19) >60yr INVOS CABG MMSE, pre-surgery, adrop of more than 20%  ®®®®
2018 [30] CG(n=21) 5100 C WMS, CDT, postoperative 7d,  from baseline value or High
WLGT, DSS, postoperative 3m 15O, less than 50%
VSST
Ballard et 47  1G(h=19) >60yr INVOS Orthope- MMSE pre-surgery, post-  a drop of more than 15%  @®0O O
al, 2012 [6] CG (n=28) dic, ab- operative 7d from baseline value or Low
dominal rSO, less than 50%
surgery
Casatietal, 122 IG(n=56) >65yr INVOS major ab- MMSE pre-surgery, post-  a drop of more than 00
2005 [27] CG (n=66) 4100 dominal, operative 7 d 25% from baseline value Moderate
nonvas- (20% in case of baseline
cular SO, <50%) for =15 s.
surgery

CABG, coronary artery bypass graft; CDT, clock drawing test; CG, control group (routine care); DSS, digit span subtest; GRADE, Grading of Recommendations
Assessment, Development and Evaluation; IG, intervention group (rSO,-guided); MMSE, mini-mental state exam; MoCA, Montreal cognitive assessment; NIRS, near-
infrared spectroscopy; rSO,, regional cerebral oxygen saturation; VSST, visuo-spatial skills test; WLGT, word list generation test; WMS, Wechler memory scale

continuous monitoring of rSO, using NIRS and treated
with several interventions to maintain the rSO, value
within a certain range according to their own definition.
In the control group, patients were treated with routine
anesthesia management without monitoring of rSO, or
visualization of perioperative rSO, values. Indications for
the correction of cerebral desaturation included a drop
of more than 15% [29], 20% [7, 28, 30] or 25% [27] from
baseline rSO, values and/or any absolute rSO, value less
than 50% [6, 28—30]. The intervention for optimization
of the rSO, value included alternation of the patient’s
head position, correction of the pressure of arterial car-
bon dioxide (PaCO,) value or fractional percentage of
inspired oxygen (FiO,), administration of vasoactive
drugs, or red blood cell transfusion. The sample size
ranged from 26 to 122 and the mean age of the partici-
pants ranged from 64.8 to 75.7 years. The majority of
included studies used the Mini-Mental State Examina-
tion (MMSE) to assess cognitive function [6, 27-30],
two studies used the Montreal Cognitive Assessment
(MoCA) [7, 28], and one study used a comprehensive
neuropsychological test battery [30]. All patients were
assessed before surgery for baseline cognitive evaluation
and then repeated during the postoperative hospital stay,
such as 1-3 [28], 3-5 [29], or 7 days [6, 7, 27, 30].

Quality assessment and risk of bias

The quality and risk of bias of the included studies were
assessed and the results are shown in Fig. 2. One study
was judged to have a high risk of bias in the selection of
the reported results [6]. Two studies had some concerns
due to bias in the deviations from the intended interven-
tions or measurement of the outcome [27, 28]. Generally,
the majority of the included studies were assessed as hav-
ing a low risk of bias, which indicated that they were of
moderate-to-high quality.

Postoperative cognitive dysfunction (POCD)

After pooling and analyzing the data from the six RCTs,
POCD was found to occur with an overall incidence of
46.95% (rSO,-guided, 39.89%; routine care, 53.27%). In
general, there was a significant decrease in the incidence
of POCD in the rSO,-guided group compared to the rou-
tine care group (OR, 0.52; 95% CI, 0.33 to 0.82; P=0.006)
without heterogeneity (?=0, P=0.46) (Fig. 3). In the sub-
group analysis, studies involving non-cardiac surgery
showed a similar association (OR, 0.44; 95% CI, 0.25 to
0.79; P=0.006; I’=24), but we found no significant asso-
ciation in cardiac surgery (OR, 0.69; 95% CI, 0.32 to 1.52;
P=0.36; ’=0) (Fig. 4).
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Fig.2 Assessment of risk of bias based on the version 2 of the Cochrane tool for assessing the risk of bias in randomized trials (RoB2). (a) Percent of studies

with categories for risk of bias; (b) Summary for the risk of bias in each study

Postoperative complications

Two RCTs specifically assessed the occurrence of postop-
erative cardiovascular complications [27, 29]. Kunst et al.
[29] defined them as new-onset atrial fibrillation requir-
ing medical treatment. However, Casati et al. [27] did
not identify any complications. The results of the pooled
analysis suggested no significant difference between the

two groups (OR, 1.12; 95% CI, 0.40 to 3.17; P=0.83; ’=0)
(Fig. 5).

Three RCTs compared surgical complications between
the groups, such as postoperative infection or fever [7,
27, 29]. We also found no statistically significant differ-
ence between the rSO,-guided and routine care groups
(OR, 0.78; 95% CI, 0.35 to 1.75; P=0.54; ’=0) (Fig. 5).
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Odds Ratio
M-H, Fixed, 95% CI

Ballard et al., 2012 1 19 25 28 17.0% 0.17 [0.04, 0.74] —

Casati et al., 2005 20 56 30 66 35.3% 0.67 [0.32, 1.38] —

Jing et al., 2021 1 30 6 30 11.6% 0.14[0.02, 1.23] -

Kunst et al., 2020 30 42 31 40 18.1% 0.73[0.27, 1.97] —

Yang et al., 2021 2 12 4 14 6.1% 0.50 [0.07, 3.38]

Sahan et al., 2018 7 19 10 21 12.0% 0.64[0.18, 2.28] S R

Total (95% Cl) 178 199 100.0%  0.52[0.33, 0.82] >

Total events 71 106

Heterogeneity: Chiz = 4.64, df = 5 (P = 0.46); I = 0% ‘0. o1 o? ) ] 1’0 ] 00’

Test for overall effect: Z =2.78 (P = 0.006)

Fig. 3 Forest plot illustrating the incidence of POCD between intervention group (rSO,-guided anesthesia) and control group (routine care)

Favours [rSO2-guided]

Favours [Routine care]

rSO2-guided Routine care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed, 95% Cl
Non-cardiac surgery
Ballard et al., 2012 1 19 25 28 17.0% 0.17 [0.04, 0.74] =
Casati et al., 2005 20 56 30 66 35.3% 0.67[0.32, 1.38] —
Jing et al., 2021 1 30 6 30 11.6% 0.14 [0.02, 1.23] -
Yang et al., 2021 2 12 4 14 6.1% 0.50 [0.07, 3.38]
Subtotal (95% Cl) 17 138 70.0%  0.44[0.25,0.79] -
Total events 34 65
Heterogeneity: Chi2 = 3.97, df = 3 (P = 0.26); 1> = 24%
Test for overall effect: Z = 2.75 (P = 0.006)
Cardiac surgery
Kunst et al., 2020 30 42 31 40 18.1% 0.73[0.27, 1.97] T
ahan et al., 2018 7 19 10 21 12.0% 0.64 [0.18, 2.28 - -1
gubtotal (95% Cl) 61 61 300%  0.69 [[0.32, 1.52]] -
Total events 37 41
Heterogeneity: Chi? = 0.02, df = 1 (P = 0.88); I = 0%
Test for overall effect: Z = 0.92 (P = 0.36)
Total (95% ClI) 178 199 100.0% 0.52 [0.33, 0.82] ‘
Total events 71 106 . ) . )
e 12 = - - - |12 = 0y r T T 1
Heterogeneity: Chi? = 4.64, df =5 (P = 0.46); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 2.78 (P = 0.006)
Test for subaroun differences: Chiz = 0.80. df = 1 (P = 0.37). 2= 0%

Favours [rSO2-guided] Favours [Routine care]

Fig. 4 Forest plot of the subgroup analysis illustrating the incidence of POCD based on different types of surgery

Length of hospital stay (LOS)

LOS was examined in three RCTs, including two studies
on cardiac surgery [29, 30] and one study on non-cardiac
surgery [7]. In general, our results suggest that there was
no difference in LOS between the two groups (SMD,
-0.30; 95% CI, -0.97, 0.36; P=0.37; ’=71%) (Fig. 6). We
then conducted a subgroup analysis according to the
type of surgery, which demonstrated that the use of rSO,
monitoring decreased LOS in the non-cardiac surgery
subgroup (SMD, -0.93; 95% CI, -1.75 to -0.11; P=0.03),
but not in the cardiac surgery subgroup (SMD, -0.05; 95%
CIL -0.67, 0.56; P=0.87) (Fig. 7).

Heterogeneity and publication bias

The funnel plot analyzing the publication bias in all
included studies is shown in Fig. 8a, which presents a
visually symmetrical distribution. Egger’s test also indi-
cated that no significant difference was observed in

publication bias (t =-2.07, P=0.107). However, the results
of such analyses should be treated with considerable cau-
tion, owing to the small number of studies. In addition,
the L'Abbe, Galbraith, and Baujat plots of the six RCTs
all suggested that there was no possible heterogeneity
among these studies (Fig. 8b and d).

Discussion

To our knowledge, this is the first meta-analysis to spe-
cifically explore the effects of rSO, monitoring on the
occurrence of POCD and other adverse postoperative
complications in older patients, which was assessed
based on data from 377 patients from six RCTs. The inci-
dence of POCD ranges from 17 to 89%, with an overall
prevalence of 47% in this meta-analysis. The results of
our analysis demonstrated that rSO,-guided interven-
tion could remarkably decrease the incidence of POCD
and shorten LOS among older patients undergoing
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rS02-guided Routine care Odds Ratio Odds Ratio
—Study or Subgroup__Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed. 95% Cl
Cardiovascular
Casati et al., 2005 1 56 1 66  4.5% 1.18[0.07, 19.34]
Kunst et al., 2020 8 42 7 40 28.9% 1.11 [0.36, 3.41] t
Subtotal (95% CI) 98 106 33.4% 1.12[0.40, 3.17]
Total events 9 8
Heterogeneity: Chiz = 0.00, df = 1 (P = 0.97); # = 0%
Test for overall effect: Z=0.21 (P = 0.83)
Surgical
Casati et al., 2005 6 56 7 66 28.6% 1.01[0.32, 3.21] —
Kunst et al., 2020 5 42 6 40 27.0% 0.77 [0.21, 2.74] .
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Heterogeneity: Chi? = 0.92, df = 2 (P = 0.63); = 0%
Test for overall effect: Z = 0.61 (P = 0.54)
Total (95% Cl) 208 226 100.0% 0.89 [0.47, 1.68]
Total events 20 23
Heterogeneity: Chi2 = 1.16, df = 4 (P = 0.88); = 0% ’0'001 0f1 i 1’-0 1000’

Test for overall effect: Z=0.36 (P = 0.72)
Test for subgroup differences: Chiz = 0.29, df = 1 (P = 0.59), 2 = 0%

Favours [rSO2-guided] Favours [Routine care]

Fig. 5 Forest plot illustrating the incidence of postoperative cardiovascular and surgical complications between intervention group (rSO,-guided anes-

thesia) and control group (routine care)

rS02-guided Routine care Std. Mean Difference Std. Mean Difference
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Kunst et al., 2020 82 32 42 74 39 40 393% 0.22 [-0.21, 0.66] T
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non-cardiac surgery. However, our pooled results did not
show that the incidence of postoperative cardiovascular
or surgical complications was affected by the use of intra-
operative cerebral oximetry.

POCD is characterized by a deterioration in cognitive
performance after surgery, which is particularly preva-
lent in older patients. To date, there is no consensus on
neuropsychological tests specifically used for POCD
[31]. It is usually detected with different meticulous neu-
ropsychological tests, such as MMSE, MoCA, and neu-
ropsychological test battery, which were all cited in our
present meta-analysis [32]. These cognitive tests present

different sensitivity, specificity, test duration and covered
domains [33]. The substantial heterogeneity in meth-
odology subsequently limits comparability and affects
consistency of findings. MMSE is a commonly used test
for POCD, and a follow-up measurement within seven
days postoperatively seems to be broadly accepted [34].
Notably, however, MMSE lacks the sensitivity and speci-
ficity in capturing subtle cognitive deficits [31, 33]. Com-
pared with MMSE, neuropsychological test batteries are
more sensitive and specific but often complicated and
time consuming. Furthermore, these test batteries are
often delivered by trained staffs, so they are difficult to



Ding et al. BMC Geriatrics (2023) 23:123 Page 9 of 12
a o/ . b
S
«©
H 1=}
S A : o,
; o |
e g
S i 5 ©
. i g
g : s
& : ° £
2 ! =
3 o i <
s ° I g 3
H €
: g 9
: &
° H o7
o | H
i H
H o ¥
H o nd
: O
o of
@)
o o
g
T T T T T T , . . . .
0.1 02 05 1.0 20 50 0.0 02 04 06 08
Odds Ratio Event rate (Control)
~ - asati etal 2005 o
<+
3
T
8 S
s 5
3
3 4
s B
2 o g
5 3 Kunst et al 2020 o
£ §
g o
g g ©
g
3 s o ° 3
2 £
5 _ - Ballard etal 2012 ©
g T o
»
g -
2018 o
° Jing etal 2021 ©
o
y
2o
o <o |
g
T T = T T T T T T T T T
0.0 0.5 1.0 15 20 25 0.0 05 10 15 20

Inverse of standard error

Contribution to overall heterogeneity

Fig. 8 Heterogeneity and publication bias. (a) Funnel plot illustrating the publication bias and the systematic heterogeneity of the included studies; (b)
'Abbe plot illustrating the heterogeneity of the included studies; (c) Galbraith plot illustrating the contribution of individual studies to the heterogeneity
metrics and identify outliers; (d) Baujat plot depicting the contribution of individual studies to overall heterogeneity

be popularized and applied in perioperative settings [35].
We believe that strong efforts are necessary to explore
precise and applicable assessment methods for POCD.
POCD is more frequent and lasts longer in older
patients following surgery under anesthesia, which may
be mainly due to degenerative changes in the structure
of the brain and a progressive decline in reserve function
[36]. It is generally accepted that advanced age, especially
pre-existing cognitive impairment, is associated with a
high incidence of POCD [37, 38]. Episodes of cerebral
ischemia and hypoxia have been regarded as the most
closely related to POCD among distinct etiological fac-
tors [39-41]. Compared with younger patients, older
patients are more predisposed to perioperative isch-
emia-induced brain injury, which is partly due to their
reduced physiologic cerebrovascular reserve induced by
atherosclerosis, hypertension, diabetes, smoking, etc. [42,
43]. Moreover, brain white matter lesions, which are fre-
quently produced by chronic cerebral hypoperfusion in

the older population, have been demonstrated to exac-
erbate the risk of POCD [44]. The basic value of rSO, is
lower in older patients [45]. In summary, poorer cogni-
tive outcomes following surgery under anesthesia might
be a consequence of more frequent and severe cerebral
hypoxemia and hypoperfusion in older patients.

As a continuous and non-invasive technology, NIRS
can penetrate the brain at a depth of 3—4 cm below the
skin and estimate oxygenation in detected brain tissue
[12, 46, 47]. Several trials have demonstrated a close asso-
ciation between perioperative rSO, value and postop-
erative cognitive outcomes in older patients, which may
offer a unique opportunity to elucidate the neuropatho-
logical mechanisms of POCD [13, 28, 48]. We arrived at
a similar conclusion in the present meta-analysis. How-
ever, other studies failed to reveal such an association
[29, 30]. Zorrilla-Vaca et al. included 15 RCTs comprising
2,057 patients in a meta-analysis to estimate the effects
of intraoperative rSO,-based management on clinical
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outcomes, which suggested that the use of rSO, moni-
toring was related to a reduction in the occurrence of
POCD, but the heterogeneity within the included studies
was high [49]. This result was similar to those reported
by Ding et al. [19] and Chen et al. [20]. However, the
findings of a Cochrane review suggested that the effects
of rSO, monitoring on POCD were uncertain owing
to the low quality of evidence and high heterogeneity
among the included studies [22]. We speculated that the
inconsistent results were probably due to the principles
of rSO, monitoring and differences among the included
participants. On the one hand, rSO, measurement may
interfere with the increased distance between the skin
and brain tissue, such as in the case of cortical atrophy in
older patients. On the other hand, the rSO, value reflects
mixed arterial and venous saturation in localized areas
of the frontal lobes, but not the whole brain. Our meta-
analysis showed that rSO,-guided intervention could
reduce the incidence of POCD in older patients under-
going non-cardiac surgery rather than cardiac surgery.
Cardiac surgery with cardiopulmonary bypass has been
shown to induce microthromboembolic event-related
cerebral microvascular dysfunction [50-52]. If cerebral
microemboli do not occur in the frontal cortex, false-
negative NIRS results will be recorded, which means
that intraoperative rSO, values may remain normal in
cases of severe cerebral ischemia in other brain regions.
The findings of Rummel et al. support our hypothesis,
which suggests that the rSO, value remains normal even
in severe hemispheric stroke because the anterior cere-
bral artery can be supplied by the contralateral side [53].
In non-cardiac surgery, systemic hypotension or anemia
may be responsible for a reduction in global cerebral
blood flow and oxygen supply, which can be effectively
reflected by cerebral desaturation in the frontal lobe in
older patients. Therefore, using NIRS to manage anesthe-
sia during major non-cardiac surgery may help alleviate
global cerebral ischemia and hypoxia and decrease the
risk of POCD.

LOS, an important and practical indicator, is com-
monly used to assess overall healthcare utilization. In the
present meta-analysis, we found that the LOS of older
non-cardiac surgical patients who did not receive intra-
operative rSO, monitoring was significantly prolonged
and was accompanied by an increased incidence of
POCD. A recently published prospective study revealed
that older surgical patients with POCD are prone to need
a prolonged LOS, which suggests the potential conse-
quence of POCD, although clinically subtle, has a notice-
able adverse impact on healthcare system expenditure
[10]. Therefore, we should actively apply appropriate
strategies, such as intraoperative rSO, monitoring, to
prevent the occurrence of POCD in a high-risk popula-
tion. Meanwhile, there may be one possible cause for
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our failure to show a prophylactic effect of intraopera-
tive rSO, monitoring against postoperative cardiovascu-
lar or surgical complications in older surgical patients.
Compared to the brain, other vital organs and surgical
incisions are more tolerant to ischemia/hypoxia-induced
injury. When cerebral desaturation leads to neurologi-
cal damage, other tissues may not suffer from ischemia/
hypoxia-related dysfunctions.

The current meta-analysis has several potential limita-
tions. First, the population we focused on was patients
older than 60 years, which may limit the generalizabil-
ity of the results. Second, only two literatures on cardiac
surgery were included in our meta-analysis, which makes
the analysis less convincing. The present study provided
preliminary results owing to the small sample size, which
requires further large RCTs to clarify the neuroprotective
effects of rSO, in older surgical patients. Third, diverse
neuropsychological tests were applied, including MMSE
and MoCA, which also influenced our results. Finally,
well-defined reference rSO, values and clinically relevant
thresholds for cerebral desaturation must be explored
and subsequently established in future studies.

Conclusion

In summary, we demonstrated that rSO,-guided inter-
ventions can remarkably decrease the incidence of POCD
in older surgical patients. Moreover, rSO, monitoring is
associated with a lower risk of POCD and significantly
shorter LOS in older patients undergoing non-cardiac
surgery. These results should be interpreted with cau-
tion, and additional prospective research is needed. As a
potentially useful monitoring tool, rSO, monitoring may
have a reasonable prospect for predicting and preventing
POCD in a high-risk population.
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