Journal of Anesthesia (2025) 39:31-40
https://doi.org/10.1007/500540-024-03417-2

ORIGINAL ARTICLE q

Check for
updates

Preoperative hypoxic biomarkers and postoperative delirium
in patients with obstructive sleep apnea

Martin Breitkopf' - Elena Ahrens?? . Matthias L. Herrmann*® . Stephanie Heinemann® - Olivia Kuester’ - Haobo Ma? -
Andreas Walther' - Christine Thomas® - Gerhard W. Eschweiler’ - Christine A. F. von Arnim® - Soeren Wagner'%°

Received: 15 July 2024 / Accepted: 8 October 2024 / Published online: 4 November 2024
© The Author(s) 2024

Abstract

Purpose Postoperative delirium (POD) in patients with obstructive sleep apnea (OSA) is associated with increased mortal-
ity and healthcare costs. In this study, we investigated the association of OSA risk, serum biomarkers for central nervous
ischemia (S100B and NSE), and POD.

Methods After research ethics approval, patients completed the STOP BANG assessment before undergoing elective surgery.
Blood was drawn for S100B and NSE measurement, and cognitive performance was tested using the Montreal Cognitive
Assessment (MoCA) at study admission and postoperatively at discharge. Delirium assessment was performed using the
Nursing Delirium Screening Scale (NuDESC) and the Confusion Assessment Method (CAM).

Results One hundred twenty-four enrolled patients were separated into three OSA-risk groups based on STOP BANG score
testing (low risk, n=22; intermediate risk, n=67; high risk, n=35). Preoperative NSE values increased with OSA risk (NSE
in ng/ml; mean [range]; low risk: 15.6 [9.2—44.3]; intermediate risk: 21.8 [7.6—114.1]; high risk: 29.2 [10.1-151]; p=0.039).
Postoperative MoCA and NuDESC assessments were not different between the OSA-risk groups. We found a decreasing
incidence for POD with increasing OSA risk (positive CAM: low risk: 18.1%, intermediate risk: 12.0%; high risk: 11.5%,
p=0.043). However, this was no longer detectable in a complete case analysis. In patients with POD, postoperative ischemic
biomarker values were not different between OSA-risk groups.

Conclusion We found a trend of decreasing POD incidence with increasing OSA risk, which was not robust in a complete
case analysis. Our results possibly support the phenomenon of hypoxic preconditioning.
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Introduction

Approximately 25% of patients undergoing elective sur-
gery are affected by obstructive sleep apnea (OSA), with a
prevalence in high-risk groups assumed to reach 80% [1].
In sleep apnea patients, the upper airway collapses while
the respiratory drive is maintained, resulting in a cessation
of respiratory gas flow and consecutively an intermittent
decrease in oxygen saturation leading to hypoxia. Particu-
larly in untreated high-risk OSA patients, dramatic events
of oxygen desaturation can be observed in the body and
brain, constituting a risk factor for cognitive decline [2, 3].

Postoperative delirium (POD) is a common and seri-
ous adverse event after surgery and is associated with
increased mortality and a significant economic burden [4,
5]. POD is characterized by an acute onset and fluctua-
tion of awareness and orientation [6], with an incidence
ranging from 11 to 51%. [4] The overall etiology of POD
is multifactorial and complex. Besides neurotransmitter
imbalance, neuro-inflammation and blood barrier dysfunc-
tion [7], intraoperative hypotension and hypoxemia have
recently been also described as risk factors for POD [2, 8].

In the last decade, growing evidence supports the theory
of hypoxic preconditioning [9]. While hypoxic ischemic
periods have suggested a cognitive decline, other authors
report that, for example, slow acclimatization and dura-
tion of high-altitude exposure have a beneficial effect on
cognitive function [10]. In geriatric patients, intermittent
hypoxic—hyperoxic training was reported to have a ben-
eficial effect on cognitive performance [11]. Moreover,
a small observational study also found an association
between high risk for OSA and lower incidence of postop-
erative cognitive dysfunction in patients undergoing total
intravenous anesthesia for non-cardiac surgery [12]. These
findings suggest that impaired cerebral oxygenation and
circulation may play an important role in the development
and prevention of cognitive impairment, but the role of
preoperative hypoxemia is still unclear. Preconditioning
phenomena have been described, suggesting that intermit-
tent hypoxic preconditioning may play a beneficial role in
postoperative neurocognitive functioning [12, 13].

Well-known serum markers of cerebral ischemia are
the S100 calcium binding protein B (S100B) and the neu-
ron-specific enolase (NSE), which can be found in low
concentrations in healthy subjects. However, in patients
with impaired blood brain barrier function or damage to
the central nervous cells, increased serum concentrations
can be detected [14]. S100B, together with glial fibril-
lary astrocytic protein (GFAP), is an established indicator
of astrocytic activation, and is increased in cerebrospinal
fluid of patients with Creutzfeld—Jacob disease, but not in
Alzheimer’s disease [14].
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In this prospective observational study, untreated
patients with different risk of OSA were compared for
the presence of elevated serum ischemia markers. We
hypothesized that in untreated, suspected OSA patients,
increased serum ischemia markers S100B and NSE could
be detected, potentially due to recurrent, intermittent
hypoxia. Moreover, due to intermittent hypoxic training
like in untreated-OSA patients, we expected to detect a
lower POD rate in patients at high OSA risk.

Methods
Study design

This study was part of a secondary analysis of data col-
lected from 899 patients between November 2017 and
April 2019 for the PAWEL study (Patient safety, cost-
effectiveness and quality of life: reduction of delirium
risk and postoperative cognitive dysfunction after elec-
tive procedures in older adults). The study protocol of this
randomized, prospective, multicenter study was published
previously [15].

For this study, baseline data from patients undergoing
surgical procedures including cardiac, vascular, orthopedic
and general surgery at five tertiary academic medical cent-
ers in Germany, were analyzed excluding the intervention
group. Patients aged 70 years or older and scheduled for
elective surgical procedures with an expected duration of
at least 60 min were eligible for inclusion. Exclusion cri-
teria were limited life expectancy of less than 15 months,
insufficient German language skills and a recently diag-
nosed severe dementia without a health care proxy. To
avoid bias, we included the baseline cohort of the PAWEL
study, containing only untreated participants in terms of
multimodal interventions to avoid a POD, and patients not
treated for OSA.

Data collection

Patients’ demographic and clinical data were recorded at
PAWEL-study admission. These included demographic
data, preoperative medical history and comorbidities,
preoperative physical status as per classification of the
American Society of Anesthesiologists (ASA), and risk
of OSA assessed using the STOP BANG score. Moreo-
ver, perioperative data including premedication, type of
surgical procedure and anesthesia, and the cut-to-suture
duration time were charted. The latter data were obtained
from anesthesia and surgery records.
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Risk of obstructive sleep apnea

An internationally established and validated screening tool,
the STOP BANG questionnaire, was used to preoperatively
detect patients at increased risk of sleep apnea [16]. The
assessment focuses on questions about the occurrence of
snoring, fatigue and observed nocturnal cessation of breath-
ing, and also considers data on blood pressure, body mass
index, age, neck circumference, and gender. Thus, the result-
ing composite score has a maximum of eight points, with a
higher score-point value indicating a higher risk of OSA.
Chung and co-workers published an alternative scoring
model and introduced an improved STOP BANG question-
naire by specific constellations of predictive factors. Three
escalation levels were described, which define a low risk at
0 to 2 points, an intermediate risk at 3 to 4 points and a high
risk at 5 or more points [17]. In our study, we adopted this
classification using a three-group comparison. Because, the
correlation between an increasing AHI and an increasing
number of risk factors in the STOP BANG screening test
with regard to OSA severity has been well investigated in
the literature [17]. The screening process was carried out
during the PAWEL-study admission and was scheduled not
later than 3 weeks before surgery.

Ischemic biomarker blood draws

S-100B and NSE were obtained as blood-based cerebral
ischemia biomarkers. Both blood biomarkers are proteins
released in response to injury to central neurons and glial
cells. Serum concentrations of NSE and S-100B indicate
to which extent hypoxic-ischemic brain injury, for example
following cardiac arrest, occurs [18]. Both markers were
obtained as preoperative baseline measurements on the day
of PAWEL-study admission. The second blood sample was
scheduled for the 9th postoperative day. Sample prepara-
tion was performed according to standard operating proce-
dures: After standing vertically at room temperature for 10
to 30 min the collection tubes were centrifuged at 4 °C and
2,000 g for 10 min. The serum was aliquoted and stored
at -80 °C within 2 h until analysis. NSE and S100B were
measured with Elecsys® electrochemiluminescence immu-
noassays (ECLIA) for quantitative in-vitro detection of bio-
markers on a cobas e411 System in Goettingen, Germany
according to the manufacturers’ instructions. Lower level
of detection for NSE was 0.05 ng/ml, for ST00B 0.005 pg/l1.

Cognitive assessment

Cognitive function was assessed using two different neu-
ropsychological tests. The first test was the Montreal
Cognitive Assessment (MoCA) Nasredinne 2003, which
was carried out as a baseline measurement on the day of

PAWEL-study admission as well as on the day of discharge,
but at the latest on the 10th postoperative day. The MoCA
is a brief cognitive screening test for assessing cognitive
impairment among older people. The test focuses on multi-
ple cognitive domains including visuospatial ability, execu-
tive functions, memory, attention, language, abstraction, and
orientation, well-established to detect patients with mild
cognitive impairment and discriminate them from cogni-
tively unhindered patients [19]. The test is available in three
parallel versions to avoid learning effects.

As a second test, the Nursing Delirium Screening Scale
(NuDESC) was carried out on the second and on the 6th
postoperative day. The NuDESC is a five-item scale based
on observations of the nurse staff assessing the functions
disorientation, inappropriate behavior and communication,
hallucinations, and psychomotor retardation over a 24-h
period [20].

In addition, the Confusion Assessment Method (CAM)
assessment was carried out on each postoperative day con-
secutively from the first until the eight postoperative day.
With one positive-CAM assessment during any of these
postoperative days, the patient was considered as delirious.

Outcome measures

Primary outcome was the occurrence of a new cognitive
impairment in terms of postoperative cognitive decline
(POCD) or POD after elective surgery based on the MoCA,
the NuDESC and the CAM assessment. In addition, blood-
based cerebral ischemia biomarkers were obtained and cor-
related with OSA risk, to find potential biomarkers indicat-
ing cognitive decline in the postoperative phase.

Statistical analyses

Low, intermediate, and high-risk patients for OSA were
compared regarding the incidence of postoperative cogni-
tive impairment. Moreover, the results were linked to blood-
based cerebral ischemia biomarkers. If more than 10% of the
data per patient was missing, the patient was not included in
the data analysis.

To avoid bias arising from individual baseline differ-
ences in cognitive performance, we calculated the difference
between first and second measurement for each patient. The
individual performance was compared between groups to
take into account intellectual baseline differences between
patients.

Statistical analysis was performed using IBM SPSS Sta-
tistics version 27.0 for macOS platforms (IBM SPSS Inc.,
Chicago, IL, United States). The Chi-square test and uni-
variate ANOVA were used to examine differences in demo-
graphic data between the three OSA-risk groups.
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The univariate ANOVA was used to compare the mean
scores of the three OSA-risk groups regarding biomarker
levels, NuDESC, MoCA and CAM assessment. To inves-
tigate the mean differences between the individual groups,
a post-hoc test was carried out using the Tukey test with
variance equality. To avoid alpha error inflation due to the
high number of tests, the level of significance was set at
p <0.05 for all statistical tests.

A power analysis for the ANOVA test was performed.
With a medium effect size with an alpha error of 0.05 and
a power of 0.85, a sample size of 122 was calculated.

Results
Study population and patient characteristics

Overall, 899 patients of the baseline cohort were screened
for inclusion in this study. A total of 346 patients met the
inclusion criteria at the PAWEL-study admission and signed
the written informed consent for this subgroup analysis
before surgery. Due to PAWEL-study intervention pro-
tocol, 203 patients were excluded (Fig. 1). Notably, 553
patients declined participation in this subgroup study for
personal or logistic reasons. Due to missing blood samples

899 patients screened for inclusion

—

Excluded n=775
Declined participation in biomarker subgroup n =553
Study intervention protocol n=203
Missing blood samples or cognitive assessment  n=19

124 patients enrolled

low-risk, n=22; intermediate risk, n=67; high risk, n=35

| Preoperative cognitive assessment phase

1 —_— Drop-outs

n=0

I Surgery phase with due to scheduled anesthesia I

1 S Drop-outs

124 patients included in the primary analysis

n=0

with only a single missing biomarker data (subgroup n=37)
without a single missing biomarker data (subgroup:

Fig.1 Study flow diagram
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and incomplete or missing cognitive function records, 19
patients were excluded from further analysis. Thus, 124
patients were included at the study admission phase (Fig. 1).
Among those, 24 patients had complete data regarding the
second blood-harvest biomarkers in particular or only 37
patients with a single missing biomarker item.

The second phase blood samples were obtained on the
9th postoperative day on average with a broad time range
(mean 9.5, standard deviation [SD] +5.0 days). The standard
deviation is explained by an unplanned premature or delayed
patient’s discharge. Based on STOP BANG score-point val-
ues, the study participants were divided into three separate
groups (low risk, n=22; intermediate risk, n=67; high risk,
n=235). As per the definition of OSA risk based on the STOP
BANG questionnaire, patients at higher risk for OSA were
more often male, had a higher body mass index, and more
often had a diagnosis of arterial hypertension (Table 1).

Primary analysis

In an unadjusted analysis including the entire cohort of 124
patients, we found significantly higher preoperative NSE val-
ues in patients at high risk for OSA (Table 2). There were no
differences between the groups in preoperative S100B values
and MoCA performance. Analyses of postoperative-CAM
assessments demonstrated that POD occurs less frequently
between the low-risk OSA to high-risk OSA patients (posi-
tive CAM: low risk: 18.1%, intermediate risk: 12.0%; high
risk: 11.5%, p=0.043). Low (STOP BANG <2) compared to
intermediate and high (STOP BANG > 3) OSA risk was not
associated with a lower risk of POD in unadjusted logistic

regression analysis (OR 0.91, 95% CI 0.64-1.34, p=0.14).
We found no differences between the three OSA-risk groups
in levels of NSE or S100B, as well as NuDESC or MoCA
assessment results in the postoperative phase (Table 2).
Moreover, by analyzing the values of pre-post changes no
difference between low, intermediate, and high-risk OSA
patients was found in changes of NSE and S100B levels or
changes in NuDESC and MoCA scores (Table 2).

Sensitivity and exploratory analyses

To avoid bias arising from missing data values in the pri-
mary analysis, we repeated the analysis in cases with only
one missing data parameter (n =37, Table 3) and with a data
set without missing parameters (n =24, Table 4). In these
analyses, we did not find significant differences between the
three OSA-risk groups and all studied outcomes.

With an exploratory intent, we investigated the differ-
ences in mean preoperative NSE values between the groups
and found significant differences between the low and the
high OSA risk group (Table 5).

Postoperative biomarkers

To quantify whether the biomarkers used in OSA patients
with delirium change significantly and thus serve as bio-
markers for a POD, we compared postoperative biomarker
values in patients with delirium based on OSA risk. There
was no association between OSA risk and biomarker levels
(Table 6).

Table 1 Demographic and

o 1 Low risk (n=22) Intermediate risk (1=67) Highrisk (n=35) p value
clinical data of patients by
OSA risk. Data are reported Demographics
as absolute number, mean Age (years) 77.3 (73-87) 78.7 (73-92) 79.3 (72-95) 0.282
(range) or as percentage, .
where appropriate. OSA Sex (male/female) 5/17 35/32 31/4 0.001
risk was estimated using the Height (cm) 166.9 (155-186) 169.4 (148-191) 175.2 (152-190) 0.001*
STOP BANG score (low risk Body weight (kg) 67.0 (45-85) 71.5 (50-145) 90.4 (70-120) 0.001*
at 0to 2 points, intermediate BMI (ke/m?) 24.1 (15.8-32.8) 269 207(21.5-433)  0.001%
risk at 3 to 4 points and high (19.7-45.8)
risk at 5 or more points). The ) ) )
chi-square test and univariate ASA physical status 2.68 (1-4) 2.77 (2-4) 2.94 (2-4) 0.283
ANOVA were used to examine Anesthesia time (minutes) 175.7 206.3 191.1 0.295
differences in demographic (115-320) (80—429) (98-350)
data between the three OSA Comorbidities
risk groups. A p value <0.03 Arterial hypertension 8 (36.4) 54 (80.6) 31 (88.6) 0.001%
was considered as statistically . .
significant. Diabetes mellitus 3(13.6) 11 (16.4) 13 (37.1) 0.551
Dementia 0 (0) 0 (0) 129 0.283
Alcohol abuse 0 (0) 1(1.5) 129 0.707
Nicotine abuse 1(4.5) 2(3.0) 3(8.6) 0.567
(> 5 per day)
Heart failure 1(4.5) 9(13.4) 4(11.4) 0.527

OSA: obstructive sleep apnea, BMI: body mass index.
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Table 4 Subgroup analysis without missing values Results of the pre- and postoperative cognitive testing and results of hypoxic biomarker between each group. Data are reported as median

(range). The p values derived from ANOVA. *: significant differences with p <0.05. OSA risk was estimated using the STOP BANG score (low risk at O to 2 points, intermediate risk at 3 to 4

points and high risk at 5 or more points)

Difference

Postoperative values

Preoperative values

Test

High risk p value

Intermediate
risk (n

p value Low risk

High risk

(n

p value Low risk Intermediate

High risk

(n

Intermediate

Low risk

(n

Subgroup

=6)

(n

13)

(n=5)

=6)

risk (n=13)

(n=5)

=6)

5) risk (n=13)

without miss-

=24

ing n

0.571

6.6

16.7 (=2.7-

93.0)
~0.01

0.657 10.0 (-12.9-

28.6 (16.6-
47.9)

40.1

314

0.961

22.0

23.3 (10.7-

214

NSE ng/ml

(5.0-8.2)
~0.01

24.5)
0.02 (-0.07—

(13.1-142.7)

0.18 (0.06—

(13.5-55.3)
0.14 (0.08—

(10.1-42.7)
0.20 (0.13—

49.7)

0.19 (0.03-

(9.2-44.4)

0.16

0.975

0.425

0.19 (0.07—
0.31)

0.843

S100B pg/l

(—0.06-0.10)
233
(=6-3)

(—0.43-0.07)
—0.15 (-4-3)

0.03)
—1.4 (=4-2)

0.25)
22.6 (14-30)

0.23)
22.6 (19-26)

0.23)
23.2 (16-29)

0.59)

22.8 (17-27)

(0.05-0.27)
24 (17-27)

0.695 0.257

20.8 (14-26)

0.823

MoCA

Difference
0.8 (0-2)

6th postoperative day

1.2 (0-6)

2nd postoperative day

2.0 (0-8)

0.852

0.33 (0-2)

0.46 (0-6)

0.213

0 (0)

0.348 0.15 (0-1)

0.33 (0-2)

0.62 (0-6)

NuDESC

NSE: Neuron-Specific Enolase, S100B: S100 calcium binding protein B, MoCA: Montreal Cognitive Assessment, NuDESC: Nursing Delirium Screening Scale

Discussion

In this subgroup analysis of the prospective PAWEL study,
we found higher preoperative NSE values in patients
at high risk for OSA. While there were no differences
between the three OSA-risk groups in levels of NSE or
S100B, as well as NuDESC or MoCA assessment results
in the postoperative phase, we detected a decreasing CAM-
based POD risk with increasing OSA risk. However, our
results did not remain robust in a complete case analysis
and our data do not support the hypothesis of cerebral
ischemic biomarker-based risk detection regarding POD
development in OSA-suspect patients.

The biomarker S100B expressed in astrocytes reflects
the blood brain barrier integrity and permeability. This
blood brain barrier can be disturbed by inflammatory
processes as they are also described in OSA, therefore
elevated plasma levels of SI00B were hypothesized [3,
21]. NSE is a biomarker for hypoxic brain damage, which
is also linked in OSA patients and mediated by the recur-
ring, intermittent nocturnal oxygen depletion and consecu-
tive hypoxia [22]. Elevated S100B plasma levels but not
NSE levels have been reported for individuals affected by
an obstructive sleep apnea syndrome [22, 23]. However,
others found both ischemic biomarkers to be elevated
[24-26]. Moreover, it was reported that during continuous
positive airway pressure (CPAP) treatment, both elevated
ischemic biomarkers decreased and cognitive performance
measured by MoCA assessment improved after 3 months.
[25] We found no significant differences in a complete
case analysis in SI00B or NSE-plasma concentrations.
This might be explained by the fact that our study patients
were screened using the STOP BANG questionnaire. Thus,
we included highly susceptible OSA patients while previ-
ous studies reported findings in diagnosed OSA patients.

Our findings are supported by a study of Jordan and
co-workers, who did not detect any differences in S100B
and NSE level in OSA patients and assumed that the struc-
tural cerebral brain injury might be too small to produce
a detectable serum level increase [27]. Braga and col-
leagues reported in a small sample of 29 polysomnogra-
phy-based diagnosed OSA patients compared to 17 male
asymptomatic patients, that NSE levels were similar in
both groups, while S100B levels were elevated in the OSA
group [22]. Thus, studies focusing on cerebral ischemic
biomarkers remain inconsistent and conflicting, due to dif-
ferent blood-collection schedules and diagnostic criteria
for OSA, even if all authors unanimously suspected cer-
ebral hypoxic cell damage as the underlying mechanism.
However, we also unfortunately failed to demonstrate any
statistical difference in ischemic biomarker analysis.

@ Springer



38

Journal of Anesthesia (2025) 39:31-40

Table 5 Entire group analysis, presented are the results of post-hoc
analysis of the significant results from Table 2. Data are reported as
differences in mean. The p value is the significance level of the differ-
ence between the single three OSA risk groups as a post-hoc analysis

within the ANOVA analysis from Table 2; *: significant differences
with p <0.05. OSA risk was estimated using the STOP BANG score
(low risk at O to 2 points, intermediate risk at 3 to 4 points and high
risk at 5 or more points)

Post-hoc test tukey

Low risk
Difference mean

Complete cohort n=124

Intermediate risk
Difference mean

High risk
Difference mean

NSE ng/ml preoperative
Low risk (n=22)
Intermediate risk (n=67)
High risk (n=35)

6.1 (p=0.404)
13.6 (p=0.034%)

—6.1 (p=0.404) —13.6 (p=0.034%)
—7.4 (0.180)

7.4 (p=0.180)

NSE: Neuron-Specific Enolase, S100B: S100 calcium binding protein B, MoCA: Montreal Cognitive Assessment, NuDESC: Nursing Delirium

Screening Scale

Table 6 Subgroup analysis of patients with NuDESC score>2 or
MoCA score<23 and positive CAM assessment, respectively. Data
are reported as median (range). The p value is the significance level
of the difference between the two OSA risk groups; *: significant
differences with p<0.05. OSA risk was estimated using the STOP
BANG score (low risk at 0 to 2 points, intermediate risk at 3 to 4
points and high risk at 5 or more points)

Subgroup with delirium based on NuDESC >2 or MoCA <23

Low risk (n=13) Intermediate-to-high risk p-value
(n=42)

NSE ng/ml 36.3 (20.0-55.3) 43.5 (15.3-142.7) 0.625
S100B pg/l 0.15 (0.08-0.23) 0.20 (0.11-0.31) 0.061
Subgroup with delirium based on positive CAM assessment

Low risk (n=4) Intermediate-to-high risk p value

(n=12)

NSE ng/ml 32.3 (21.3-49.5) 40.1 (16.7-101.3) 0.253
S100B pg/l 0.16 (0.09-0.21) 0.19 (0.12-0.31) 0.125

NSE: Neuron-Specific Enolase, SI00B: S100 calcium binding protein
B, MoCA: Montreal Cognitive Assessment, NuDESC: Nursing Delir-
ium Screening Scale

Neurocognitive impairment as a result of intermit-
tent hypoxia is assumed in suspected OSA patients and is
also considered as a risk factor for POD [8]. Several stud-
ies reported an association between OSA and POD risk
[28-30]. While we found no significant difference between
the OSA-risk groups focusing on postoperative MoCa, or
postoperative NuDESC assessment, an observational study
including 66 patients reported an association between high
STOP BANG scores and a cognitive decline 6 weeks after
surgery [31]. In contrast, an observational study including
more than 1,400 patients and the same STOP BANG group-
ing as our study found in an unadjusted analysis a significant
association between high risk of OSA and POD. However,
after thorough adjustment, the association was statistically
insignificant, which is in line with our findings [32].

We found in our data analysis that with an increasing
risk for OSA, the risk for POD decreased. Positive effects of
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hypoxic preconditioning on cognitive function were already
described in the literature several years ago [33]. Initially,
positive results were found in animal studies [34]. Hoth and
co-workers subsequently found in a study of patients with
newly diagnosed OSA that more severe hypoxemic events
were associated with an improvement in memory [35]. A
recently published randomized controlled trial including
40 young male participants treated with remote ischemic
preconditioning for 7 days found a significantly improved
spatial memory function during acute high-altitude exposure
as an indicator for cognitive function [36]. In an observatory
study with untreated high-risk OSA patients postoperative
cognitive disorder was significantly lower than in a control
group treated by total intravenous anesthesia [12]. How-
ever, in a similarly designed study using a volatile anesthe-
sia approach, the postoperative cognitive impairment in the
control group was attenuated [13]. Nevertheless, the authors
likewise assumed preconditioning effects in untreated-OSA
patients.

Limitations

There are limitations to our study that need to be discussed.
First, the obtained cerebral ischemic biomarker S100B was
measured from peripheral blood samples, which might not
accurately represent the corresponding values in the brain
circulation. Usually, the STIO00B value in peripheral blood is
lower than in cerebrospinal fluid samples [37], which might
have led to an underestimation. Furthermore, we harvested
the blood samples at a different time than others, which
leads to difficulties when aiming for an exact comparison
with previous studies [38]. In our study, no standardized
collection times could be defined because the blood-sample
analysis of the specific biomarkers was not available on
every day. Second, delirium assessment using a single test
might not be sufficient. However, the CAM assessment is
a well-established instrument to detect patients affected by
delirium. Due to the differences in the delirium test systems
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and the fact that subjective influence of the raters themselves
cannot be excluded finally, the statistical evaluation may
have been influenced, so that a positive effect is detected
by using the CAM Test, but no rating with the MoCa and
NuDesc. Likewise, OSA screening using the STOP BANG
score might have limited sensitivity. However, several stud-
ies have demonstrated the STOP BANG score’s high effi-
ciency and accuracy in OSA screening [39]. However, we
grouped OSA patients and calculated the POD association
to different severity OSA levels as previously published [17].
Finally, our results did not remain robust in a complete case
analysis, thus only show a small trend, and we included only
a small number of patients from a single institution, resulting
in limited generalizability.

Conclusion

In this study, high risk for OSA was associated with elevated
preoperative NSE values and a decreasing CAM-based POD
risk with increasing OSA risk. However, our results did not
remain robust in a complete case analysis and our data do
not support the hypothesis of risk detection for POD using
blood-stream-based ischemic biomarkers. Future studies
should investigate to what extent hypoxic preconditioning
can have a positive effect on postoperative cognitive impair-
ment in OSA patients.
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