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The role of noninvasive cerebral oxygenation monitoring
in the detection of cerebral autoregulation impairment and cognitive
dysfunction during dnesthesia in the beach chair position
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The beach chair position, commonly used in shoulder surgery,
is associated with a potential risk of cerebral hypoperfusion due
to hydrostatic gradient and anesthesia-induced hypotension.
The role of cerebral autoregulation in maintaining adequate ce-
rebral oxygenation under these conditions remains incompletely
understood. Objective. Assess the relationships between indi-
cators of systemic hemodynamics, cerebral oximetry and cogni-
tive functions in patients in the perioperative period in a beach
chair position. Methods. A total of 80 patients were included.
Mean arterial pressure (MAP), heart rate, and regional cerebral
oxygen saturation were continuously monitored using near-in-
frared spectroscopy (NIRS). Cerebral autoregulation was as-
sessed using the correlation between MAP and rSO, (cerebral
oximetry index, COx). Cognitive function was evaluated using
the Montreal Cognitive Assessment (MoCA). Results. Preserved
cerebral autoregulation was observed in 75 patients (93.75 %),
who demonstrated no clinically significant decrease in rSO, af-
ter positioning. Five patients (6.25 %) developed marked reduc-
tions in MAP and cerebral oxygenation. During surgery, the
decrease in rSO, was significantly greater in these patients com-
pared with the preserved autoregulation group (<15.2 £ 4.6 %
vs. =1.07 £ 4.79 %; p < 0.001). Postoperatively, the impaired
autoregulation group showed a significant decline in MoCA
scores from 28.4 = 0.5 to 26.4 £ 0.5 points (p = 0.011), whereas
cognitive performance remained unchanged in the remaining
patients. Conclusions. Cerebral autoregulation remained pre-
served in most patients undergoing surgery in the beach chair
position. Impaired cerebral autoregulation was associated with
greater decreases in cerebral oxygenation and postoperative
cognitive decline. NIRS monitoring may facilitate early identifi-
cation of patients at risk of cerebral hypoperfusion and periop-
erative neurological complications.

Haniecuosue nonogicenns, sAKe WUPOKO SUKOPUCHMOBYEMbCA
nio yac HetpoXipypeiuHUX ma opmoneouyHux onepayit, Moxice
CYNPOBOONCYBAMUCA ZHUNCEHHAM Yepebpanvhoi nep@ysii eHa-
CNIOOK 2i0pocmamuyno2o 2padienma il aHecme3iono2iuHo
inoyrkosanoi einomen3ii. Ponv yepebpanvHoi aymopezynayii
6 NIOMPUMAHHI A0eK8AMHOI OKCU2eHayii MO3KY 8 YUX yMo8ax 3a-
aumaemsbcs Heoocmamuwvo guguenolo. Mema. IIpoananizysamu
830EMO38 130K MINC NOKAZHUKAMU CUCTNEMHOI 2eMOOUHAMIKU,
yepebparvHoi oxcumempii ma KoeHIMuGHUX (QYHKYil y na-
yicnmie y nepionepayiiinomy nepiooi y HaAniecuosyomy no-
nogcenni (HCII). Memoou. Y npocnexmusne 0ocniodicenms
exoueno 80 nayieumis. Ilpoeodunu MoHimopune cepeoHb020
apmepianvroco mucky (CAT), uacmomu cepyesux ckopouyeHv
i pecionanvnoi yepebpanvnoi oxcucenayii memooom NIRS.
Busuenns yepebpanvnoi aymopezynayii 30ilicn08anu wiaxom
ananizy kopenayii misrc CAT i rSO-. Koenimueni ¢hynxyii oyinro-
sanu 3a wixanoro MoCA. Pesyriomamu. Y 75 nayienmis (93,75 %)
nio vac nepegeoenns 8 HAnNigcUOAYe NOJNOJCEHHs He Cnocmepi-
eanocs KNiniuno 3uauyujo2o suudcenns rSO,, wo c8ioyuno npo
30epeaceny yepebpanvry aymopecyrayin. Y 5 ocio (6,25 %)
siosnauanocs eupasicene 3Hudcennsi CAT i rSO,. Iio uac
inmpaonepayiiino2o MoHimopuH2y eeauduna 3uudicents rSO,
cmanosuna —15,2 + 4,6 npomu (—1,07 + 4,79) % y nayieumig 3i
s6epedcenoro aymopezynayicio (p < 0,001). Iicasonepayitino
VY yitl epyni cnocmepieanocs 00CMOBIPHE 3HUNCEHHS NOKAZHUKIG
MoCA 3 28,4+ 0,5 0o (26,4 £ 0,5) 6ana (p = 0,011), mooi sk y pew-
mu nayienmie KoeHimueHi QYHKYIi 3a1umanuca cmaobilbHUMU.
Bucnoexu. YV 6invuocmi npoonepoganux yepebpanvha aymope-
2ynayisn @ pasi onepamuHux 6MpPy4ans y HanieCUOAUOMy noio-
ocenni sanumaemoca 36epesicenoio. Il nopywenns acoyiroemvcs
30 3HAYHO BUPAIICEHTWUM 3HUICEHHAM YepeOPaNbHOI OKCuzeHd-
yii ma nicasionepayitiHum nOIPUEHHAM KOSHIMUGHUX (OYHKYILL.
Monimopune NIRS mooice Oymu KOpucHum 0 paHHb020 QUG-
JIEHHS X8OPUX 13 PUSUKOM Yepebpanvrol einonepghysii. Kntouosi
cnosa. Haniscuosue nonodicenns, yepeopaibra aymopezynayis,
cucmemHa 2eMoOUHAMIKA.
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Introduction

Cerebral oximetry using near-infrared spectros-
copy (NIRS) reflects regional oxygen saturation in
the cerebral cortex and partially in the subcortical
white matter of the frontal lobe. It serves as an in-
dicator of the balance between oxygen delivery and
consumption in brain tissue. NIRS values are largely
dependent on cerebral blood flow, which in turn is
determined by cerebral perfusion pressure (CPP), cal-
culated as the difference between mean arterial pres-
sure (MAP) and intracranial pressure (ICP).

The traditional concept of a lower limit of au-
toregulation of approximately 50-60 mmHg does not
account for substantial inter-individual variability; in
adults, this threshold may range from approximately
40 to 90 mmHg [1]. When cerebral autoregulation
1s intact, cerebral vessels maintain stable blood flow
through changes in vascular tone; therefore, vari-
ations in MAP are not accompanied by significant
changes in NIRS-derived values. Accordingly, within
the autoregulatory plateau, no direct correlation be-
tween MAP and regional cerebral oxygen saturation
(rSO,) is observed.

In contrast, when cerebral autoregulation is im-
paired (e.g., in traumatic brain injury, hypoxia, sepsis,
effects of anesthetics, hypocapnia, or increased ICP),
cerebral blood flow becomes passively dependent on
systemic arterial pressure. Under these conditions,
a decrease in MAP leads to a reduction in CPP, ce-
rebral blood flow, and consequently NIRS values,
establishing a direct relationship between these pa-
rameters. Cerebral autoregulation plays a crucial role
in various clinical settings, including the periopera-
tive period. Autoregulatory dysfunction may result in
cerebral ischemia due to hypoperfusion during low-
flow states, or in vasogenic edema and hemorrhagic
events during hyperperfusion. In addition, impaired
autoregulation may exacerbate both primary and sec-
ondary brain injury [2, 3].

Since approximately 70-80 % of cerebral blood
volume is contained within the venous compartment,
NIRS values predominantly reflect. venous oxygen
saturation. There is also considerable intra- and in-
ter-individual variability in baseline measurements.
Normal NIRS values range from 60 % to 75 %, al-
though physiological values of 55—-60 % have been
reported in patients with cardiac disease. Therefore,
trends in NIRS values are considered more clinically
relevant than absolute values [4]. A decrease in NIRS
of 20 % from baseline or an absolute value below
50 % is generally regarded as clinically significant [5].

The semi-sitting position (SSP) is commonly
used in upper limb surgery. Although this position
offers several advantages, it also carries potential
disadvantages, including rare but potentially serious
neurological complications [6]. These complications
are primarily attributed to the gravitational effects
of the SSP, which may reduce cerebral perfusion.

The relevance of cerebral oxygenation monitor-
ing during ‘anesthesia in the SSP is underscored by
the widespread use of shoulder arthroscopic proce-
dures, during which there is a risk of cerebral hy-
poperfusion due to positional and hemodynamic
changes [7].

Postoperative cognitive dysfunction (POCD) or
delirium may represent adverse outcomes of proce-
dures performed in the SSP and can be associated
with intraoperative decreases in rSO, exceeding
20 % from baseline [8]. Reduced rSO, is consid-
ered an independent risk factor for the development
of POCD [9]. Therefore, the identification of preop-
erative factors influencing the risk of perioperative
cerebrovascular events remains an important clinical
issue.

Aim: To analyze the relationship between systemic
hemodynamic parameters, cerebral oximetry, and
cognitive function in patients during the periopera-
tive period in the semi-sitting position.

Materials and Methods

The study was conducted at the SI “Professor
M. I. Sytenko Institute of Spine and Joint Pathol-
ogy of the National Academy of Medical Sciences
of Ukraine”. The protocol was approved by the insti-
tutional bioethics committee (Protocol No. 263, dated
4 May 2026) and performed in accordance with Good
Clinical Practice (ICH GCP), the Declaration of Hel-
sinki on Human Rights and Biomedicine (2024 revi-
sion), and current Ukrainian legislation.

A total of 80 patients scheduled for shoulder
arthroscopic surgery in the semi-sitting position
were prospectively screened. The mean age was
42.44 £+ 11.51 years.

Exclusion criteria included cardiac arrhythmias,
hepatic or renal failure, a history of neurosurgical in-
terventions, and refusal to participate. The preopera-
tive physical status was assessed using the American
Society of Anesthesiologists (ASA) classification; all
patients were classified as ASA I-IL.

The study was conducted in three stages:

Stage 1 (preoperative assessment, 24 hours before
surgery):

The cerebral oximetry index (COx) was calculated
as the correlation coefficient between MAP and rSO,
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measured by near-infrared spectroscopy (NIRS).
This approach is based on the analysis of slow-wave
correlations between systemic arterial pressure and
cerebral oxygenation and is widely used for non-in-
vasive assessment of cerebral autoregulation. CO,
values range from —1 to +1; values above 0 indicate
impaired cerebral autoregulation, whereas negative
values suggest intact autoregulation, reflecting pres-
sure-independent cerebral blood flow regulation [10].

After a S-minute stabilization period at rest, three
consecutive measurements of MAP and rSO, were
obtained at 3-minute intervals in the supine position.
Following repositioning to the semi-sitting position
and hemodynamic stabilization, three additional
measurements were recorded using the same proto-
col. The mean value of the three measurements was
used for statistical analysis in each position.

Based on changes in rSO, and hemodynamic
parameters, patients were divided into two groups:
Group I — preserved cerebral autoregulation (n =
75), and Group Il — impaired cerebral autoregulation
(n=75).

In Group I, transition to the semi-sitting position
did not result in significant changes in hemodynamic
parameters or rSO,. In contrast, Group II demon-
strated a decrease in cerebral oxygenation and MAP
during positional change.

Stage 2 (intraoperative assessment):

Patients were initially placed in the supine posi-
tion. Anesthesia induction included propofol 1 %
(2 mg/kg), fentanyl 0.005% (0.2 mg), and mus-
cle relaxation for intubation with succinylcholine
(1 mg/kg), followed by maintenance of neuromuscu-
lar blockade with atracurium besylate (0.3 mg/kg).

After airway management and initiation of me-
chanical ventilation using a Drager Atlan A350 venti-
lator (pressure support mode), general anesthesia was
maintained with propofol 1 % at 4.5-6.5 mg/kg/h,
titrated according to BIS monitoring. Analgesia was
provided with fentanyl 0.005 %.

Ten minutes after induction, patients were reposi-
tioned to the semi-sitting position. Peripheral oxygen
saturation (SpO,), non-invasive systolic (SBP), dia-
stolic (DBP), and MAP were continuously monitored
using a - Mediana YM 6000 monitor. The first mea-
surement was obtained immediately upon admission
to the operating room, followed by measurements
every 5 minutes. Depth of anesthesia and propofol
infusion were guided by BIS monitoring (COVIDIEN
system).

Monitoring of rSO, was performed using an IN-
VOS 5100 Regional Oximeter system.

Stage 3 (postoperative cognitive assessment):

Cognitive function was assessed preoperatively
and on postoperative day 3 using the Montreal Cog-
nitive Assessment (MoCA) scale [11]. Postoperative
results were compared with baseline preoperative
values. Both the total MoCA score and the incidence
of POCD were analyzed. The obtained data were
compared between study groups.

Statistical analysis was performed using R soft-
ware (R Foundation for Statistical Computing).
The normality of continuous variables was assessed
using the Shapiro—Wilk test and Q—Q plot inspection.
For normally distributed data, results are presented as
mean + standard deviation (M + SD).

Given that measurements were obtained at two
time points (preoperatively and intraoperatively), in-
dividual changes were calculated for each patient as
ArSO, and AMAP (mean arterial pressure). This ap-
proach allowed assessment of both the direction and
magnitude of within-subject changes.

At the first stage, positional changes from supine
to the semi-sitting position were calculated as:

ArSO, = rSOZ(semi-sitting) - rSO2(supine)
AMAP = MAP (semi-sitting) — MAP, (supine)

These parameters reflected the immediate physio-
logical response of cerebral oxygenation and systemic
hemodynamics to positional change.

To evaluate differences in physiological response
between the preoperative and intraoperative periods,
A(ArSO,) and A(AMAP) were calculated as the dif-
ference between intraoperative and preoperative
responses:

A(A1S0O,) = ArSOZ(intraoperative) - ArSOZ(preoperative)
A(AMAP) = AMAP, (intraoperative) AMAP, (preoperative)
Thus, A(ArSO,) reflected changes in the cerebral

oxygenation response to the semi-sitting position un-
der anesthesia compared with the preoperative state,
while A(AMAP) represented corresponding changes
in hemodynamic response. These indices allowed as-
sessment not only of absolute rSO, and MAP values
but also of changes in physiological reactivity under
different clinical conditions (awake vs anesthetized
state).

Within-group comparisons (supine vs semi-sitting
position) were performed using a paired t-test. Effect
sizes were calculated using Hedges’ g with 95 % con-
fidence intervals (95 % CI).

Due to the marked imbalance in group sizes and
the small sample size in Group II, between-group
comparisons were performed using a permutation
Welch test. Effect sizes were also estimated using
Hedges’ g with 95 % CI [12].

Associations between quantitative variables were
assessed using Spearman’s rank correlation coeffi-
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cient (p), which does not assume normal distribution
and is suitable for detecting monotonic relationships,
particularly in small samples. Statistical significance
was set at p < 0.05.

Results

Preoperative CO, analysis

In Group I, transition to the semi-sitting position
was not associated with significant changes in he-
modynamic parameters or rSO,. In contrast, patients
in Group II demonstrated a decrease in both rSO,
and mean arterial pressure (MAP) during positional
change. Baseline values are presented in Table 1.

In Group I, mean rSO, showed a statistically sig-
nificant decrease (p = 0.003) from 91.35 £+ 3.77 % in
the supine position to 90.96 = 3.99 % in the semi-sit-
ting position. In Group II, rSO, decreased from
89.00 £ 2.00 % to 87.20 + 2.17 %, although this
change did not reach statistical significance due to
the small sample size (p = 0.137). Between-group
comparison showed no significant difference in rSO,
in the supine position (p = 0.055). However, after re-
positioning to the semi-sitting position, rSO, was sig-
nificantly lower in Group II (p = 0.013), with a large
effect size (g = 0.95).

In Group I, MAP decreased from 100.55 + 7.76
to 98.03 £ 10.13 mmHg, without statistical signif-
icance (p = 0.096). In Group II, a pronounced and
statistically significant decrease in MAP was ob-
served after positional change, from 103.60 + 2.97
to 87.60 £ 2.51 mmHg (p = 0.002), with a very large
effect size (g = 2.63). No significant between-group
differences in MAP were found in the supine posi-
tion (p = 0.092). After transition to the semi-sitting
position, MAP was significantly lower in Group II
compared to Group I (p < 0.001), with a large effect
size (g = 1.04).

To assess the physiological response to positional
change 24 hours before surgery, ArSO, and AMAP

were calculated as the difference between semi-sit-
ting and supine positions (Table 2).

In Group I, transition to the semi-sitting po-
sition resulted in’ minimal decreases in ArSO,
(0.4 = 1.1 %) and AMAP (2.5 £ 12.9 mmHg). In
Group II, the decrease was more pronounced, with
ArSO, (1.8 £ 2.2 %) and AMAP (-16.0 = 4.8 mmHg).
Between-group comparison showed a greater reduc-
tion in ArSO, in Group II; however, this difference did
not reach statistical significance (p = 0.267), although
a moderate effect size was observed (g = 0.66), sug-
gesting a trend toward a more pronounced reduction
in cerebral oxygenation response.

For AMAP, the between-group difference was
statistically significant (p = 0.0045). Group II demon-
strated a substantially ‘greater decrease in MAP
during positional change, with a large effect size
(g = 1.26), indicating marked differences in hemody-
namic response already at the preoperative stage.

Overall, 24 hours before surgery, patients in
Group II exhibited a more pronounced decrease in
MAP during transition to the semi-sitting position,
whereas differences in ArSO, showed only a non-sig-
nificant trend.

Intraoperative CO, analysis

During surgery, rSO, and MAP were recorded in
both groups in the supine position under general an-
esthesia and after transition to the semi-sitting posi-
tion (Table 3).

In Group I, mean rSO, remained essentially un-
changed during transition to the semi-sitting posi-
tion (p = 0.059), decreasing from 91.49 + 3.80 % to
90.42 + 4.10 %. In Group II, a marked and statisti-
cally significant reduction in rSO, was observed
(p = 0.002), from 92.60 + 1.95% to 77.40 £+ 3.97 %,
accompanied by a very large effect size (g = —2.63).
Between-group comparison showed no significant
difference in rSO, in the supine position (p = 0.296),
whereas after positioning in the semi-sitting position,

Table 1

rSO; and MAP values in the preoperative period

Indicator Position Within-group comparison Hedges’ g (95 % CI)
supine semi-sitting ©p)
rSO,, %: —0.36 [-0.59; -0.12]
— Group I; 91.35+3.77 90.96 +3.99 t=-3.113; p=0.003 —0.66 [-1.46; 0.19]
= Group II; 89.00 £2.00 8720 £2.17 t=-1.857,p=0.137 0.63 [-0.27; 1.53]
— between-group comparison t=2.361; p=0.055 t=3.498; p=0.013 0.95[0.04; 1.86]
CAT, MM PT. CT.: _ oo —0.19 [-0.42; 0.03]
— Group [; 100.55 £ 7.76 98.03 £ 10.13 : _ _;ggg’ P _ 8882 —2.63 [-4.51; -0.75]
— Group 1II; 103.60 +2.97 87.60 +2.51 g 6I())Ol ’ —0.40 [-1.30; 0.50]
— between-group comparison | t=-1.899; p=10.092 t=6.408; p=9 1.04 [0.13; 1.95]
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rSO, was significantly lower in Group Il compared to
Group I (p =0.001; g =3.15).

During the intraoperative stage, mean ar-
terial pressure (MAP) decreased significantly
(p < 0.001) after positioning in the semi-sitting po-
sition in both groups. In Group I, MAP decreased
from 163.23 + 22.44 mmHg to 79.03 + 9.38 mmHg,
with a large effect size (g = —3.35). In Group II,
MAP decreased from 154.47 + 10.64 mmHg to
75.20 £ 4.58 mmHg, also with a very large effect size
(g=-6.19).

Despite the pronounced intraoperative reduction
in MAP in both groups, no statistically significant
between-group differences were observed either in
the supine position (p = 0.152) or after transition to
the semi-sitting position (p = 0.146).

Thus, the main intergroup differences during
the intraoperative period were not related to MAP
levels but rather to a substantially more pronounced
decrease in SO, in Group II following positioning
in the semi-sitting position. The results of intraoper-

Table 2
Assessment of changes in hemodynamic parameters
24 hours before surgery

ative changes in ArSO, and AMAP are presented in
Table 4.

In Group I, the mean decrease in ArSO, was
—1.07 £ 4.79 %, whereas in Group Il it was signifi-
cantly greater at —15.20 + 4.60 %, with a statistically
significant between-group difference (p < 0.001) and
a large effect size (g = 2.48). This indicates a mark-
edly more pronounced reduction in rSO, in Group II
during intraoperative positioning.

Changes in AM AP were substantial in both groups.
In Group I, AMAP was —84.20 + 24.91 mmHg, while
in Group II it was —79.27 £+ 10.22 mmHg, with no
statistically significant between-group difference
(p=0.402).

Thus, during intraoperative transition to
the semi-sitting position, both groups exhibited
a comparable magnitude of MAP reduction. How-
ever, only patients in Group II demonstrated a sig-
nificantly greater decrease in ArSO,, suggesting in-
sufficient compensation of cerebral perfusion under
orthostatic stress during anesthesia.

To evaluate the effect of anesthesia on physiologi-
cal responses to positioning, A(ArSO,) and A(AMAP)
were analyzed, reflecting changes between preopera-
tive and intraoperative responses (Table 5).

In Group I, the change in cerebral oxygenation

Baseline val 24 hours bef .
By group — it S“’g“ZCAT response (A(ArSO.)) was minimal (—0.68 + 4.86 %),
T 2 0 . . . o .
indicating relatively stable rSO, reactivity to
-1 (M £ SD); -04=x1.1 -2.5+129 th sitti iti both tivel d
11 (M= SD) 18422 16,0+ 4.8 e semi-sitting position both preoperatively an
B during anesthesia. In Group II, this parameter was
etween-group .
comparison: markedly reduced (—13.40 £ 5.32 %), demonstrating
-p 0.2673 0.0045 a substantially greater intraoperative decrease in rSO,
. ") . 5 g . .
~895%Cl 0.66; [-0.37:11.63] | 126;10.49;2.00] response compared to the preoperative state. The be-
Table 3
Baseline rSO; and MAP (CAT) values
in the intraoperative period
Indicator Position Comparison
- — between patient positions
supine semi-sitting
rSO,, % 91.49 + 3.80 90.42 £4.10 t = -1.9162,p = 0.059
I g = —0.22; [-0.45; 0.01]
II
92.60 £ 1.95 77.40 +£3.97 = —7.3818;p = 0.002
g = —2.63;[-4.51;-0.75]
Between-group comparison:
t,p ~1.140; 0.296 7.074; 0.001 —
g; 95 %ClI ~0.30; [-1.19; 0.60] 3.15; [2.12; 4.17]
MAP, t=-29.082, p < 0.001
MM,PT,CT 163.23 +22.44 79.03 £9.38 g=-3.35; [-3.93; -2.76]
I 154.47 + 10.64 75.20 £4.58 t=-17.351; p < 0.001
i g=-6.19; [-10.38; —2.08]
Between-group comparison:
t,p t=1614;p=0.152 t=1.649; p=0.146 —
g; 95 %CI 0.39; [-0.51; 1.29] 0.41; [-0.49; 1.31]
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tween-group difference was statistically significant
(p < 0.001) with a very large effect size (g = 2.05).
These findings indicate that anesthesia in Group II
was associated with a pronounced deterioration
of rSO, responsiveness to positional change com-
pared with Group L.

Analysis of A(AMAP) showed that in Group I
the value was —81.67 + 25.46 mmHg, whereas in
Group II it was 63.27 + 8.73 mmHg, with a statis-
tically significant between-group difference
(p = 0.01756) and a large effect size (g =—0.89).

Anesthesia substantially altered the physiologi-
cal response to verticalization in both groups; how-
ever, the pattern of these changes differed. Patients in
Group II demonstrated a more pronounced deteriora-
tion in rSO, during transition to the semi-sitting po-
sition, whereas differences in MAP between groups
were less evident. These findings suggest that the ob-
served differences in rSO, cannot be fully explained
by systemic hemodynamic changes alone.

A correlation analysis was performed to as-
sess the relationship between ArSO, and AMAP
in the preoperative and intraoperative periods, as
well as between-stage changes in the response to
the semi-sitting position (A(ArSO,) and. A(AMAP)).
Spearman’s rank correlation coefficient (p) was used.

Twenty-four hours before surgery, no statistically
significant correlation between ArSO, and AMAP
was found. In Group I, the correlation was very weak
(p = 0.027; p = 0.821), while in Group II a moderate
negative correlation was observed but did not reach
statistical significance (p = =0.53; p = 0.362). Sim-
ilar results were obtained during the intraoperative
period: no significant correlations were identified in
either group (Group I: p = 0.031; p = 0.787; Group 1I:
p =0.35; p=0.553).

Analysis of the relationship between changes in re-
sponses (A(ArSO,) and A(AMAP)) also demonstrated
no significant correlations. In Group I, p.= 0.012
(p = 0.911), while in Group II a moderate negative
correlation was observed (p = —0.50; p = 0.391).

Given the very small sample size in Group I, these
findings should be interpreted with caution.

Cognitive function was assessed using the Mon-
treal Cognitive Assessment (MoCA) scale 24 hours
before surgery and in the early postoperative period
(Table 5).

In Group I, the mean MoCA score was 28.8 = 1.0
preoperatively and 28.7 & 0.8 postoperatively. The ob-
served changes were minimal and not statistically sig-
nificant (p = 0.241), with a small effect size (g = 0.14),
indicating the absence of clinically relevant cognitive
decline.

In Group II, the MoCA score decreased signifi-
cantly from 284 + 0.5 to 26.4 + 0.5 (p = 0.011), with
a large effect size (g = 1.60), indicating a clinically
relevant deterioration in cognitive performance after
surgery (Table 6).

Thus, cognitive function remained stable in Group
I throughout the observation period, whereas patients
in Group II demonstrated a statistically and clinically
significant decline in MoCA scores, accompanied
by the most pronounced intraoperative reduction in
rSO,. These findings may suggest a potential associ-
ation between impaired intraoperative cerebral oxy-
genation and postoperative cognitive decline, mani-
fested mainly as mild impairment of attention, slowed
psychomotor responses, and subtle short-term mem-
ory difficulties without clinically significant neuro-
logical deficit.

Discussion

We found that in most patients, transition to
the semi-sitting position was associated with a moder-
ate decrease in arterial pressure without clinically rel-
evant reductions in rSO,, corresponding to functional
physiological adaptation. The low correlation be-
tween arterial pressure and rSO, in Group II suggests
preservation of cerebral autoregulatory mechanisms.
This is consistent with the contemporary concept
of CO, as an indicator of pressure—passive cerebral
perfusion: when autoregulation is intact, changes in

Table 4 Table 5
Intraoperative changes Ouinka edexty nepeBenennss B HCII mixx nepen-
in hemodynamic parameters Ta iHTpaonepaniiiHUM eTanaMu
Group Operative control Group Operative control
ArSO; ACAT A(ArSO») A(ACAT)

I -1.07 £4.79 —84.20 £ 24.91 I —0.68 +4.86 —81.67 +£25.46
I —15.20 £ 4.60 11 ~79.27 +£10.22 11 —-13.40 £ 5.32 —63.27+8.73
Between-group Between-group
comparison: comparison:

-p; <0.001 0.4018 -p; <0.001 0.012

-2,95%CI 2.48;[0.76; 4.18] | —0.23; [-0.74; 0.29] -g,95%CI 2.05; [0.52; 3.54] | —0.89; [-1.48; -0.27]
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MAP should not be accompanied by parallel changes
in 1SO,, whereas a positive correlation indicates loss
of compensatory vascular reactivity [13].

Notably, patients with lower intraoperative rSO,
values also demonstrated lower MoCA scores, con-
sistent with mild cognitive impairment. This aligns
with findings reported by M. Aguirre et al., who
demonstrated that under total intravenous anesthesia
in the semi-sitting position, cerebral desaturation may
occur in approximately 25 % of ASA I-II patients
and is associated with impaired cerebral blood flow
and early postoperative neurobehavioral dysfunction.
However, the literature remains heterogeneous: while
several studies support an association between cere-
bral desaturation and cognitive impairment, others
have failed to demonstrate a definitive causal rela-
tionship [14].

An additional important factor is the hydro-
static gradient between the heart and the brain. ‘In
the semi-sitting position, cerebral perfusion pressure
is lower than that measured at the level of the heart or
arm, which may partly explain why “acceptable” sys-
temic blood pressure values do not necessarily guar-
antee adequate cerebral perfusion.

In the literature, it is emphasized that controlled
hypotension should be avoided during procedures per-
formed in the semi-sitting position, and that the target
mean arterial pressure should be higher in patients
with hypertension or cerebrovascular disease [15].
Thus, our results are consistent with the current con-
cept that systemic arterial pressure alone is not a suf-
ficient marker of cerebral safety during surgical inter-
ventions in the semi-sitting position. The combined
use of standard hemodynamic monitoring and NIRS
enables timely identification of patients with poten-
tially impaired cerebral autoregulation, in whom even
a moderate decrease in arterial pressure may be asso-
ciated with a clinically significant reduction in rSO,
and poorer cognitive outcomes [16].

Limitations: The relatively small number of pa-
tients with confirmed impaired autoregulation limits
the statistical power of between-group comparisons.
In addition, NIRS reflects regional rather than global

Table 6
Cognitive function (MoCA)

Group | Preoperative Postoperative Between-group comparison:
(M £ SD) (M = SD) tp
2,95 % CI
1.1827; 0.241
I 288+1.0| 287+08 0.14; [L0.09: 0.36]
4.472; 0.011
11 284 +0.5 264 £0.5 1.60; [0.30; 2.85]

cerebral oxygenation, and the results may be partly
influenced by measurement methodology, sensor
type, and the chosen desaturation thresholds.

Conclusions

In most patients, cerebral autoregulation remained
preserved during transfer to the semi-sitting position
and was not associated with a significant decrease in
I'SOQ.

Impaired cerebral autoregulation was associated
with a more pronounced decrease in arterial pressure,
cerebral oxygenation, and.lower cognitive function
scores.

Monitoring cerebral oxygenation using NIRS is an
informative tool for early detection of cerebral desat-
uration and impaired cerebral autoregulation in pa-
tients undergoing surgical procedures in the semi-sit-
ting position.
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