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Beach chair position (BCP) that is applied for shoulder surgery
has a number of advantages for surgeons, but it may lead to intra-
operative hypotension, bradycardia and postoperative neurologic
complications. Objective of the publication is to review up-to-date
literature to emphasize complications related to BCP and methods
of their monitoring and prophylaxis. Methods. We have analyzed
publications from Google Scholar, PubMed, and specialized sci-
entific journals databases. Results. In orthopedic practice the main
types of surgical positions that are used for shoulder surgery are
the next: semi-BCP — 30°, BCP — 60°, Semi-upright sitting posi-
tion — 90°. In spite of its correlations with hemodynamic changes
the tilt angle is rarely measured in clinical practice. The etiology
of nervous system impairment is thought to be hypotension and sub-
sequent brain hypoperfusion that is induced by BCP under general
anesthesia. Blood pressure at the standard brachial level is signifi-
cantly higher than at the meatus acoustic level. That is why today
the safety level of blood pressure for BCP surgery is not clearly
estimated. The majority of clinical investigations have shown that
BCP leads to decreasing of regional cerebral blood flow and brain
oxygenation. The high incidence of cerebral desaturation events in
BCP (more than 50 %) require its accurate monitoring. The most
widely used method is NIRS (near-infrared spectroscopy). Other
methods including Doppler scanning of brain vessels and jugular
saturation has limited clinical using. In majority of trials of cereb-
ral desaturation events has shown to have controversial impact on
postoperative cognitive dysfunction. Serum neurospecific proteins
examination may be a perspective method of further investiga-
tions for neurologic impairment after surgeries in BCP. Key words.
Beach chair position, intraoperative hypotension, cerebral perfi-

sion.

Tonooxcenns wesnonea abo Beach chair position (BCP), axe eu-
KOpucmogyloms nio uac onepayiti Ha niewogomy cyz2n06i, mae
HU3KY nepeeae 075l Xipypea, npome mModice npu3eooumu 00 iHmpa-
onepayiiHol einomensii, bpadukapoii, ma, sK HACIOOK, 00 NiCs-
onepayitiHux ycKAAOHEHHAMU HEBPOI02IYHO20 XaApaKmepy.
Mema. Ilposecmu ananiz cyuacnoi nimepamypu OJis1 GUsGIEHHS
yacmomu yCKIaOHenv, sKi sunuxarome y pazi BCP, memooux ix-
Hb020 Monimopuney ma sanobicanns. Memoou. IIpoananizosano
nyoaikayii 3 nowykoeoi cucmemu Google, erexkmpounnux 6a3
PubMed, Google Scholar, apxisié cneyianizoeanux sxcypHanis
il iHWuUX 0dcepen HayKo8o-meduuHoi inghopmayii. Pezyromamu.
Cb0200Hi 6 opmoneouuHiu npakxmuyi 3acmocosyoms maxi
B8UOU HANIBCUOAYO20 NONONCEHHSL 3ANEHCHO 8I0 Kyma niouomy
6epxuvoi nonoguru mynyoa: Semi-beach-chair position — 30°,
BCP — 60°, Semi-upright sitting position — 90°. Toune eumipto-
6anHs Kyma niOUoOMy 8 KAIHIYHIU NPaAKmMuyi 6UKOPUCTNOBYIOMb
YKpail pioKo, Xoua i NPAMO KOPEMOE€ 31 3MIHAMU 2eMOOUHAMI-
ku. Ilepedbauysanorw emionocicro YuKOONICeHHs YeHMPAIbHOT
HEPB06OI cucmemu € 2inomen3sis 3 noOAILULON0 2inonepeysicio
20106H020 MO3KY, W0 GUHUKAE NICAA 3MIHU NONOJICEHHSA Mina
nayicuma 6 ymogax 3azanvHoi anecme3sii. Cmandapmue 6umi-
PI08aHNA apmepianbio20 MUCKY HA PI6HI nieua 0ae cnomeope-
HI NOKA3HUKU W00 peanvbHo2o MUcKy Ha pieui Binizicéa xona.
Yimxi pexomenoayii wjooo Oe3neunoco piens apmepiaibHO20
mucky 3a onepayiu y BCP giocymmi. binvwicms KaiHiuHUX 00-
CI0dCeHb NOKA3AU, WO NONOJCEHHS We3N0H2a NPU3BOOUMb 00
SHUICEHHS Pe2iOHANbHOI OKCUu2eHayii MO3KY ma yepedpaibHo-
20 Kkpoomoxy. Bucoxka uacmoma enizodie mo3kosoi decamy-
payii (nonao 50 %) obymosnroe HeobxiOHicms ii MOHIMOpUHEY
y BCP. Cboeooni nattuacmiwie 11020 npogoosims 3a MemoouKo
NIRS (Near-Infrared Spectroscopy). Menwie kniniune 3HaueHHs
maioms donaepozpagiune 00CHIONCeH s MOKOBUX CYOUH i ca-
mypayii kpogi 6 sipemuitl éeni. [lpome eusgnenns ¢axmie Oe-
camypayii 30einbulo2o He GNAUBAE HA YACMOMY GUHUKHEHHS
nicaaonepayitnoi xoenimugnoi oucyukyii. Ilepcnexmusenum
HANPAMOM NOOATLUIUX OOCTIONCEHb € AHANI3 6MICTTY Hellpoche-
yugiunux oOinxie nicia onepayii y BCP. Knwouosi crosa. Beach
chair position, iHmpaonepayitina apmepianvHa 2iNOMeH3is,
MO3K08a nepghy3is.
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Introduction

In the 1980s, orthopedic procedures for shoulder
joint arthroscopy were first used in the beach chair
position (BCP). This surgical position has a number
of advantages, creating comfortable conditions for
surgery. However, BCP is accompanied by a number
of specific changes in the functional state of patients,
which can lead to complications that should be well
known to the anesthesiologist to prevent their nega-
tive consequences.

The aim of the study: to analyze the current lite-
rature in order to identify the frequency of compli-
cations occurring in beach chair position, methods
of their detection and prevention.

Material and methods

The study involved assessment of publications from
Google search engine, electronic databases PubMed,
Google Scholar, archives of specialized journals and
other sources of scientific and medical information.

Results and discussion

Today in orthopedic practice the following types
of semi-sitting position are used depending on the an-
gle of rise of the upper half of the torso: semi-beach-
chair position of 30° [1], beach-chair position of 60°,
semi-upright sitting position of 90° [2], however, ac-
curate measurement of the angle of rise is used very
rarely. The advantages of BCP in orthopedic surgery
are improved access to the anterior and posterior re-
gions of the shoulders, reduced frequency of traction-
induced brachial neuropathy, trauma, surgery time
and, most importantly, more physiological conditions
during shoulder movement. In addition, BCP provides
less swelling of the face compared to lying down [3].
General or regional anesthesia, or a combination
thereof, may be used during shoulder surgery [4].
In the majority of conscious patients, the transition
from supine to vertical position is accompanied by
an increase in systemic vascular resistance. This can
have different effects on cardiac output. R. Gillespie
et al. [5] found a decrease in stroke volume, systolic
and mean blood pressure, which reduced cerebral
blood flow by 12 %. In patients under general anes-
thesia, physiological hemodynamic responses change
significantly under the influence of anesthetics on
the cardiovascular system. This leads to a decrease
in mean blood pressure and, subsequently, cardiac
output. Therefore, it is desirable to gradually transfer
the patient to a sitting position, and blood pressure
should be maintained by infusion therapy and/or use
of vasopressors [6]. However, S. Larsen et al. [7] did
not find significant changes in hemodynamic parame-

ters during the transfer of the patient under anesthesia
from a horizontal position in BCP.

BCP, «chaise longue position» is a different varia-
tion of one position with similar physiological chang-
es and specific complications. Neurological complica-
tions such as stroke, brain death, and vision loss can
be extremely rare, but catastrophic. The true frequen-
cy of these situations remains unknown, as the avail-
able publications are mostly clinical cases. Potentially
dangerous are hypotension, bradycardia (probably
due to the Bezold-Jarisch reflex), postoperative ede-
ma in the shoulder joint and neck [9]. Some complica-
tions are due to improper patient placement in BCP.
Excessive bending of the head can cause arterial and
venous obstruction, leading to swelling of the upper
respiratory tract and potential airway obstruction af-
ter extubation. There have been reports of spinal cord
injuries due to excessive bending of the head. There-
fore, current guidelines insist on a neutral fixed posi-
tion of the head and neck during BCP operations [10].

Intraoperative hypotension (IH) may be one
of the risk factors for postoperative complications
that are important to address correctly and in a time-
ly manner. About one third of the periodic episodes
of IH occur in the period after the induction of ge-
neral anesthesia, but before the surgical incision and
can be described as post-induction or preoperative
hypotension [11]. Postinductive hypotension should
be differentiated from the phases of IH, as the causes
of their occurrence differ at different stages. Propo-
fol, which is used during induction, contributes to
a significant reduction in blood pressure [12]. General
anesthesia reduces the brain's need for oxygen and pa-
tients tolerate episodes of hypotension better. The eti-
ology of intraoperative hypotension is multifactorial:
vasodilation (anesthetic), hypovolemia (bleeding),
low cardiac output, high intrathoracic pressure (me-
chanical ventilation), dysfunction of the sympathetic
nervous system [13]. The incidence of [H and brady-
cardia during BCP operations may exceed 60 % [14].
One of the effective methods of preventing IH during
BCP operations may be the use of preoperative load-
ing of crystalloid solutions in the amount of 10 ml/kg
of ideal body weight [15].

Controlled hypotension is a condition of induced/
controlled hypotension during anesthesia to reduce
bleeding and improve surgical field imaging. It is
very important to perform it taking into account
the patient's age, preoperative blood pressure and
initial somatic condition, so the degree of antihyper-
tensive anesthesia should be individualized depend-
ing on the patient’s preoperative blood pressure and
not the specific target blood pressure. Moreover, it
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is against the background of controlled antihyper-
tensive anesthesia that critical reductions in blood
pressure are more common [16]. Perioperative blood
pressure management is a key factor in patient moni-
toring, as intraoperative hemodynamic instability can
lead to postoperative cardiovascular, neurological, re-
nal, and other complications. To date, most studies
on the use of controlled hypotension in orthopedics
have a low level of evidence, so the question of safety
remains open [17]. When managing blood pressure
in a sitting position, the anesthesiologist should be
aware of the possibility of insufficient brain perfu-
sion if the lower limit of autoregulation is not reached
during the operation. Adequate tissue perfusion is
essential during anesthesia. At present, in the case
of controlled hypotension in BCP, its safe limits are
not clearly defined. A reduction in mean blood pres-
sure (BP) of more than 20 % is often chosen to deter-
mine perioperative hypotension [6]. However, it is not
blood pressure but the degree of organ perfusion that
is the ultimate goal of using blood pressure optimiza-
tion strategies. Perfusion pressure is usually the dif-
ference between «inflow pressure» (which is the CAT
for most organs, including the brain and kidneys) and
«outflow pressurey. It is known that CAT thresholds
for patients operated on in BCP should be higher to
ensure adequate cerebral perfusion pressure. It is
also extremely important to be aware of the effect
of gravity on the measured blood pressure. K. Tanabe
et al. [18] compared the CAT measured at the level
of the IV rib and the external auditory canal (ap-
proximate level of the Willis circle), and showed that
the difference is about 14 mmHg. Reduction of CAT
by 40 % or an episode of CAT less than 50 mmHg
during surgery was associated with cardiac com-
plications in high-risk patients. Even short episodes
of intraoperative CAT of less than 55 mmHg are asso-
ciated with acute renal and myocardial damage [19].
Y. Y. Jo et al. [20] provided research showing that not
only preload but also preoperative heart rate may be
important factors in the development of hypotension
after transferring patients to an upright position under
general anesthesia. In a retrospective study involv-
ing 384 patients, more episodes of hypotension were
observed in a cohort of patients taking antihyperten-
sive drugs [21]. Common therapeutic approaches to
correct hypotension are the use of vasoactive agents,
especially vasopressors and infusion media.

The most threatening consequence of hemody-
namic instability during BCP operations is hypoper-
fusion of the brain with possible neurological disor-
ders. Prolonging surgery potentially increases the risk
of cerebral hypoperfusion. According to J. Chan [1],

19 of the 25 subjects underwent cerebral desaturation
event (CDE) during HRV operations. Other authors
found that patients in the regional anesthesia group
had significantly less CDEs and had significantly bet-
ter neurobehavioral test results the day after surgery.
Higher hemodynamic stability in BCP has also been
demonstrated compared to patients who underwent
surgery under general anesthesia [22]. Lateral posi-
tions are also used during shoulder surgery, but cere-
bral ischemic events are observed only in the context
of BCP surgery [23]. Vertical position is considered
an independent factor in intraoperative cerebral ische-
mia, there are reports of a series of cases of cerebral
and spinal ischemia, the cause of which was incorrect
optimization of blood pressure in the perioperative
period [24]. There is also information on the deve-
lopment of hemiparesis in patients with congenital
asymmetry of the Willis circle, which leads to limited
collateral blood flow (incomplete Willis circle may be
present in 40 % of patients) [25].

The following techniques are currently available to
monitor blood supply to the brain: NIRS (near-infrared
spectroscopy), jugular vein blood saturation, transcra-
nial Doppler. NIRS is widely and successfully used
as a real-time measurement method to assess cerebral
oxygenation (rScO,), brain perfusion and the possibi-
lity of early detection of cerebral desaturation. However,
the correlation between CDE, cerebral blood flow, and
effects on cognitive function remains unknown [26-28].
1. Meex et al. [29] CDE was not detected in non-anes-
thetized volunteers in BCP, whereas in 55 % of patients
in a similar situation under general anesthesia, such epi-
sodes were recorded. Interestingly, CDEs are more com-
mon in women with BCP [30]. T. Ghandour et al. [2]
found no differences in regional brain oxygen saturation
between patients in the 60° and 90° chair tilt positions,
but a direct relationship was found between decreased
CAT and cerebral oxygen saturation. C. Songy et al. [31]
found a statistically significant decrease in saturation in
the case of raising the head end from 0° to 30°, from 30°
to 45° and from 45° to 60°. Similar results were obtained
by J. Chan et al. [1], who studied changes in cerebral
oximetry at 30°. Episodes of desaturation were found
in 76 % of patients, and the time course of saturation
was as follows: a sharp decrease after positioning, fol-
lowed by a gradual decrease until the end of the opera-
tion. E.A. Shin et al. [32] in observations of 60 patients
during shoulder arthroscopy determined that the choice
of anesthetic did not affect brain oxygenation or hemo-
dynamics. Recent studies of new neurospecific proteins
after BCP surgery have shown an increase in serum
tau protein, the concentration of which correlates with
the duration of cerebral desaturation event [33].
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Conclusions

The most common complications that may occur
in BCP are hypotension, bradycardia, and related
brain desaturation episodes. The latter very rarely
cause catastrophic neurological consequences. To-
day, there are no clear criteria for a safe blood pres-
sure level in BCP, but it is known that due to gra-
vity, the rate of SAT at the shoulder level averages
14 mmHg lower than in the area of the Willis circle.

The high frequency of cerebral desaturation epi-
sodes (over 50%) necessitates its monitoring in BCP,
which is most often performed using the NIRS tech-
nique. However, cerebral perfusion methods are
weakly correlated with postoperative cognitive func-
tion and further in-depth studies of systemic and
cerebral circulation, cognitive function, and neuro-
specific protein concentrations in these patients are
needed to select a safe level of intraoperative blood

pressure maintenance.
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