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1. Introduction

Surgery is usually performed with the patient supine, ~ 1h€ assessment of brain —oxygenation can be
but the efficiency of the operation can be improved by ~ accomplished through the utilization of jugular vein

offering patients different positions during surgical ~OXygen saturation and microdialysis techniques. The
procedures. The preferred surgical positions include utilization Of_ _both _ methodolc_)g|es is constrained
supine, prone, lateral decubitus, sitting, reverse because of their invasive and the inclusion of numerous
trendelenburg, and trendelenburg, each of which carries ~ additional risks. Near-infrared spectroscopy (NIRS)
some risk. The body’s position can impact respiratory, ~ Was first used by Frans Jobsis in 1977 for brain tissue.
cardiopulmonary physiology, and tissue oxygenation, It is a non-invasive method that utilizes infrared light,
including that of the brain 2 The anesthesiologist aKin to pulse oximetry, for assessing regional tissue

needs to comprehend the effects of the surgical position ~ 0Xygenation (rSO2) through the measurement of the
on intraoperative physiology. absorption of infrared light by the tissue **°. The frontal
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cortex's regional cerebral oxygen saturation (rScO2)
can be determined by comparing the specific
absorbance patterns of oxygenated and non-oxygenated
haemoglobin to NIRS. NIRS technology makes it
possible to recognize and treat cerebral desaturation
events (CDEs) without the need for conventional
intraoperative monitoring.

Our study attempted to determine whether cerebral
oximetry is useful for different surgery positions and
effects on cerebral oximetry.

2. Method

The literature search consisted of retrieving articles
from Medline, and Ebscohost from inception until
October 30, 2023.

The utilization of both keywords and subject headings
was employed in this instance. The search strategy
incorporated the following keywords: beach chair,
sitting  position, cerebral oxygenation, cerebral
oximetry, Trendelenburg, Lateral decubitus, prone, and
near-infrared spectroscopy. In Medline the advanced
search engine was used with the following MeSH
(medical subject headings) terms and keywords: (beach
chair or sitting or upright), (trendelenburg), (prone),
(lateral ~ decubitus), (NIRS or near-infrared
spectroscopy, oximetry), (cerebral oxygenation or
cerebral oximetry). The inclusion criteria encompassed
the utilization of intraoperative cerebral saturation
monitoring with NIRS in adult patients who were
undergoing operating in different surgery positions
under general anesthesia or regional anesthesia, as
documented in the English-language literature.

Sitting/Seated positions

Surgeons utilize the sitting position and the deck chair
position in certain neurosurgery and shoulder surgery
procedures. The beach chair position (BCP) is preferred
over the lateral decubitus technique for several reasons
in orthopedic surgery. Firstly, the traditional BCP
places less tension on the brachial plexus, which may
help to minimize potential complications. Secondly, the
BCP is less likely to cause direct neurovascular trauma
associated with the position. In addition, traditional
BCP provides better visualisation within the joint,
allowing for better intervention during the procedure.
Finally, if open surgical intervention is necessary,
traditional BCP offers easier access °. While the
sitting position is associated with fewer complications,
it is important to note that serious neurological
complications can still occur. The utilization of
cerebral oximetry has garnered heightened attention
following the documentation of four instances of

ischemic brain injury in patients undergoing
orthopaedic surgery while positioned in a sitting
position 10,

The cerebral oxygen saturation drops more

significantly when the patient is in the BCP in
comparison to the more markedly compared to baseline
values (supine position) 114 The changes in body
posture, specifically transitioning from a supine to a
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sitting position, result in decreases in cardiac output,
mean arterial pressure (MAP), cerebral blood flow
(CBF) and cerebral perfusion pressure (CPP), leading
to a reduction in cerebral oxygen supply'®®. The
primary cause for this alteration is the accumulation of
blood in the lower limbs as a result of gravitational
force and the reduction in the volume of blood flowing
back to the heart '’. Normally, the autoregulation
mechanism ensures the maintenance of cerebral
perfusion pressure, hence restricting the reduction in
cerebral oxygen saturation caused by the change in
position 8, However, a reduction in the mean blood
pressure beyond the limit of autoregulation results in a
decrease in cerebral perfusion pressure, leading to
impaired cerebral oxygenation %20,

Prone positions

Patients who undergo spine surgery in the prone
position, especially elderly ones, are more than twice as
likely to have cerebral desaturation compared with
patients in the supine position®-??, Although the prone
position is known to increase arterial oxygen saturation,
especially in patients with ARDS 2324, no change in
Spo2 was observed in patients who underwent spinal
surgery in the prone position, whereas the decrease in
bilateral regional cerebral oxygen saturation was
accompanied by decreases in heart rate and mean
arterial pressure 24?2, Impaired venous drainage and
reduced cerebral perfusion both play a role in the cause
of cerebral desaturation in the prone position, which in
turn leads to inadequate cerebral oxygenation 25,
Cerebral oxygenation can be impacted by these
interventions when the head is raised off the head
support or rotated to the left or right in the prone
position. The median value of the measured rScO2
considerably increased by 3 to 5 units when the head
was raised from the head support. The lifting of the
head may have relieved the pressure on the tissue
sensors, which is why this may happen. In addition to
this, when the head was moved to the left or right, it
dropped on the opposite side. The decrease in brain
oxygenation to the contralateral side when the head is
shifted to the left or right may be attributed to a
decrease in blood flow in the contralateral vertebral
artery?.

Lateral Decubitus

Although the lateral decubitus position is preferred in
thoracic surgeries where one-lung ventilation is
applied, it is also preferred in shoulder surgeries. When
the effect of two different positions on cerebral
oxygenation was examined in patients operated on
under general anaesthesia in the beach chair position
(BCP) and the lateral decubitus position (LDP), the
percentage of patients with cerebral desaturation events
was significantly higher in the BCP group %27, These
studies collectively indicate that the lateral decubitus
position may have a more favourable effect on cerebral
oxygenation compared to the beach chair position.
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On the other hand, the situation is a little bit different in
thoracic surgery, where one-lung ventilation is
performed. A decline in cerebral oxygenation occurs in
thoracic surgery after positioning, although it may not
be clinically significant, and it increases when one-lung
ventilation (OLV) is switched. During OLV, the
collapsed lung receives a hypoxic gas mixture,
resulting in atelectasis and ventilation-perfusion
mismatch. This decreased oxygen delivery can lead to

Table 1: Identification cerebral desaturation events.

Positions and NIRS

hypoxemia, which can subsequently impair cerebral
oxygenation. Also, It leads to increased airway
pressures and decreased lung compliance. This can
decrease venous return, potentially compromising
cardiac output and cerebral blood flow. These changes
in cerebral oxygenation may be caused by
intrapulmonary shunts, hypoxia, and hypercarbia that
develop during one-lung ventilation 2-%°,

Author Year Definitionof CDE Definitionof Baseline

Aguirre et al @9 2016 rScO2 value decrease of >20% from Postoxygenation/preinduction
baseline

Aguirre et al “7 2018 rScO2 value decrease of >20% from Postoxygenation/preinduction
baseline

Cox etal D 2017 Decrease in rSO2 of 20% or greater from Preoxygenation/upright
baseline or an absolute rSO2 <55%

Hayashi et al 4 2022 rSO2 values decreased 20% of the baseline  Pre OLV
value or when the absolute rSO2 values
were <50%

Murphy et al @7 2014 2-min time interval with a >20% decrease Preinductions;no details of
in oxygenation
SctO2 from baseline values

Woo et al &9 2018 Decrease in rSO2 of 20% or greater from Postinduction/presitting
baseline for 15s or more in either
hemisphere of the brain

Koh et al @ 2013 SctO2 decreased >20% from baseline Preinduction
awake values or SctO2 <55%

Doe et al “4 2016 SctO2 decreased >30% Before surgery

Hayashi etal ¥ 2017 Decrease of >20% from the baseline Postinduction/presitting
rSO2 value or an absolute rSO2 value of
<50%

Picton et al *3 2015 Absolute rSo2 value < 55% or a decrease Preoperative holding room
from baseline of > 20% sustained for > 3 (Room air)
min

Jeong et al 9 2012 Decline in SctO2 more than 20% from Preinduction

baseline for more than 15 s

Trendelenburg

The Trendelenburg position is widely used in
laparoscopic and robotic surgeries and involves placing
the patient in a head-down tilt to facilitate visualisation
of the surgical field. The potential effects of this
position on cerebral oxygenation have been a subject of
interest in recent years. The Trendelenburg position
leads to increased intracranial pressure with elevated
mean arterial pressure (MAP) and central venous
pressure, resulting in a downward trend in cerebral
perfusion pressure 3. Another reason is that the
position increases the pressure in the abdomen, which
can compress the inferior vena cava (IVC). IVC
compression decreases venous return to the heart,
which can lead to decreased cerebral blood flow and
decreased cerebral oxygenation. The elevation of the
angle of the Trendelenburg position results in an
exacerbated occurrence of this effect, resulting in a
reduction in cerebral saturation 3%,

The combined effect of the Trendelenburg position and
carbon dioxide (CO2) pneumoperitoneum has been
shown to impact cardiovascular, cerebrovascular, and
respiratory homeostasis during robotic prostatectomy.
Furthermore, the creation of a pneumoperitoneum and
placement in a Trendelenburg position may lead to a
significant increase in intracranial pressure (ICP),
potentially affecting patients with cerebral ischemia or
cerebrovascular disorders 33457,

The effects of Trendelenburg position on cerebral
oxygenation may vary depending on several factors,
such as the angle of the position, and the patient's
underlying medical conditions.

Reverse Trendelenburg

The reverse trendelenburg position is generally
preferred in endoscopic sinus surgery because it
reduces bleeding and venous congestion, thus
providing a better view of the surgical field ®. In a
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manner akin to the seated posture, this position elicits a
gravitational impact whereby the blood tends to
accumulate in the peripheral regions of the body. As a
result, there is a reduction in cardiac output, leading to
a subsequent decline in the perfusion of the cerebral
region. There appears to be a reduction in cerebral
oxygenation, although it is not deemed clinically
significant, as the angle of the position increases °.

The impact of various surgical positions on cerebral
oxygenation when considered collectively;

1) Cerebral oxygenation is altered in all surgical
positions, whether clinically significant or not, and the
most crucial clinical effect is seen in the seated position
10,12—14.

2) The maintenance of cerebral autoregulation is
important for the prevention of cerebral hypoxia or
cerebral desaturation. To achieve the desired outcome,
it is imperative to uphold the mean arterial pressure
above 60 mmHg 417192,

3) The oxygenation of the brain decreases in
anaesthetised patients. It is kept in mind that the
administration of general anesthesia can potentially
elicit unfavourable consequences on cerebral
autoregulation 40-42,

4) Inhalation anesthetics have a more positive effect on
cerebral oxygenation than i.v anesthetics. Propofol has
both cerebrovascular and cardiovascular effects, which
result in an enhanced negative impact on cerebral
autoregulation 222443

5) The frequency of cerebral desaturation increases in
patients with elderly and comorbidities 5222830,

6) Different definitions of cerebral desaturation in
studies may not be sufficient to demonstrate the
relationship  between cerebral oxygenation and
postoperative complications 11144346 Thresholds,
baseline measurements and time below threshold may
have different effects or relationships on postoperative
complications.

7) The position of the transducer for blood pressure
measurement may cause inaccurate measurements and
assessments during intra-operative patient monitoring
using conventional hemodynamic monitoring methods.
Particularly when in the seated position, placing the
transducer at the level of the acoustic meatus yields a
more precise evaluation of blood pressure, specifically
in terms of reflecting the mean blood pressure at the
cranial level #4748 In the seated position, it is
necessary to make an arithmetic correction to the mean
arterial pressure (MAP) measured at different locations
to determine the blood pressure at the level of the brain.
This correction involves adding 1 millimetre of
mercury (mmHg) for every 1.35 centimetres of distance
10

3. Conclusion

The cerebral oximetry is subject to alteration based on
the positioning of the patient. Cerebral autoregulation
plays a role as a crucial factor in the regulation of
cerebral oxygenation. Knowledge of the effects of
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different surgical positions on cerebral oximetry may
assist the anaesthetist in intraoperative patient follow-
up. In addition, early recognition of cerebral
desaturation and hypoxia may prevent adverse effects
of postoperative neurological complications.
Limitations of the Study

The limitation of the study is small sample size.
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