ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 4

VK 617.572-089.5-032-089.168(045)

DOI: http://dx.doi.org/10.15674/0030-59872025487-91

The effect of depth of anesthesia on the incidence of early postoperative
complications during surgery in the beach chair position

K. I. Lyzohub, D. V. Morozenko

Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

Objective: To investigate the effect of BIS-controlled anesthesia
depth on hemodynamic changes and early postoperative complica-
tions during shoulder surgery in the BCP. Methods. The prospec-
tive study involved 50 patients who underwent shoulder surgery
in the BCP. Group I (n = 25) — patients whose BIS values were
maintained intraoperatively within the range of 40—48, Group Il
(n = 25) — patients whose BIS monitoring values were maintained
at the level of 49-57. Intraoperative BIS fluctuations beyond
the range of 40—60 were not allowed in patients of both groups.
The average age of patients in the I group was 43.2 + 12.5 years,
in the Il group — 41.8 + 10.2 years. After induction of propofol/
fentanyl in a standard dosage, tracheal intubation, the patient
was transferred to the BCP. For postoperative pain relief, pa-
tients received paracetamol and non-steroidal anti-inflammatory
drugs without the use of narcotic analgesics. BIS monitoring with
COVIDEN was used to control the depth of sedation. The Mini-
mental state examination (MMSE) scale and the number linking
test were used to assess cognitive impairment 24 hours before
surgery and 2 days after surgery. Pain was assessed using a vi-
sual analogue scale (VAS). Results. Haemodynamic. parameters
were assessed before induction, after induction, and 20 minutes
after positioning. Patients in group I had a significantly higher
pulse rate (79.04 = 7.51 vs. 72.76 £ 9.46 mm Hg, p < 0.05). No
significant changes in MMSE and number binding test were found
when comparing pre- and postoperative indicators. Significant
differences in the intensity of pain syndrome were found between
the groups: 3.72 + 1.06 vs. 5.11 & 0.90 points on the first day after
surgery (p < 0.001). In group 1, 12.0 % of patients experienced
postoperative nausea and vomiting on day 1, compared to 20.0 %
in group 2. The time of extubation showed a significant difference
between groups 1 and 2: 19.08 + 2.87 versus 15.30 £ 2.55 points
(p < 0.001): Conclusions. Maintaining the level of sedation under
BIS monitoring at 4957 in patients during surgery in NSP con-
ditions is accompanied by less postoperative pain and a lower
incidence of PONV.

Mema. Jlocrioumu ennue enubunu anecmesii nio konmponem BIS na
SMIHU 2eMOOUHAMIKY A PAHHE NICAAONEPAYItiHI YCKIAOHEHHS Ni0
uac NPOBEOCHHs ONEPAMUSHUX 8MPYHAHb HA el @ HANIGCUOAUO-
my nonodxcenni (HCII). Memoou. /lo npocnekmugroeo 0ocaiodicen-
Ha 6yno sanyueno 50 nayienmis, AKUM GUKOHY6ANACH ONepayis
na naewosomy cyenobi ¢ HCIIL Ipyna I (n = 25) — ocobu, sikum
inmpaonepayiiino niompumyeanu noxasnuxu BIS y meacax 40—48,
epyna Il (n =25) — xeopi, nokasnuxu BIS-vwonimopuney axux nio-
mpumysanu Ha pisui 49-57. V nayieumis 060x epyn e donycka-
nocs inmpaonepayitinux koausanv BIS 3a medci 40—60. Cepeoniii
6ix y I epyni cknaoas (43,2 + 12,5) poxis, y Il — 41,8 + 10,2. Ilicns
nposedents IHOYKYii nponogon/penmaniny ¢ cmanoapmuomy 00-
3yeanmi, inmybayii mpaxei xéopuil nepesoouscs y HCII. /[na nic-
JIAONEPayitinoco 3HeOONeHHs NAYIEHMU OMPUMATU RAPAYETAMOIL
i HecmepoiOHI mpomu3zananvhi npenapamu Oe3 GUKOPUCMAHHS
HAPKOMUYHUX AHANb2eMUKIB. I3 Memolo KOHmponio 2nubuny ce-
dayii euxopucmosysanu BIS-wonimopine COVIDEN. /[na oyinku
KOSHIMUBHUX NOpyutenb 3acmocogyeanu wikany Mini-mental state
examination (MMSE) i mecm 36’a3ysanns uucen (134) 3a 24 200
00 onepamueHo2o empyyanHs ma Ha 2-2y 006y nicas. binv eusna-
uanu 3a 6i3yanbHoio ananoeogoio wikaioio (BAILL). Pesynemamu.
TloxasHuxu 2eMoOUHaMIKU OYiHI08aU 00 MA NICAA IHOVKYIT ma ye-
pe3 20 xe nicas nosuyionyeanns. Tayienmu epynu I manu docmo-
8ipHo yacmiwuil nynve (79,04 + 7,51 npomu (72,76 + 9,46) yo./xs,
p < 0,05). Jocmogipnux smin MMSE i T34 nio uac nopisusn-
Hs nepeo- ma nicas onepayii eusgieno ue Oyno. Biominnocmi
6 IHMEHCUBHOCMI OONLOBO2O CUHOPOMY GUSAGIEHI MIJIC 2PYRAMU:
3,72 £ 1,06 npomu (5,11 £ 0,90) b6anie na I-uy 006y nicis empyuan-
us (p < 0,001). Y epyni [ — 6 12,0 ma ¢ Il — 20,0 % na I-uty 006y
cnocmepieanacy nicisonepayiuna nyooma ma onosanns. Yac
excmybayii mag 00cmosipHy pisnuyro mioc epynavu: 19,08 £ 2,87
npomu (15,30 + 2,55) 6anie (p < 0,001). Bucnoexu. Iliompumanns
pisHa cedayii nio koumponem BIS-monimopuney ma pisni 49-57
y nayienmig nio uac onepayii 6 ymoseax HCII cynposodacyemuvcs
MeHWUM nicaonepayitinum 601608UM CUHOPOMOM i HUICHOIO HAC-
momoro [TOHB. Knwouosi crosa. Hanigcuosiue nonodcenns, BIS-
MOHIMOpUHe, KOSHIMuGHi oucyHkyii, nicisonepayitina Hyooma
ma O1106anHs.
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Introduction

Accurately determining the depth of sedation
remains a constant challenge for anesthesiologists.
Excessively deep anesthesia can cause hemody-
namic changes, while overly shallow sedation carries
the risk of awakening during surgery [1]. Awaken-
ing during anesthesia is a serious complication that
can have long-term psychological consequences, such
as anxiety and post-traumatic stress disorder. Tra-
ditional monitoring of sedation depth is mostly as-
sessed through clinical signs and symptoms of the pa-
tient: changes in heart rate, blood pressure, pupil
size, and eye or limb movements [2]. The Bispectral
Index (BIS) monitoring system was introduced in
the United States in 1994 and approved by the FDA
in 1996 to measure the level of consciousness us-
ing algorithmic analysis of electroencephalograms
(EEG) during general anesthesia. BIS monitoring is
a technology used in anesthesia to assess the level of
consciousness and the hypnotic effect of anesthetic
agents. It helps reduce intraoperative awakening inci-
dents and provides an objective and accurate method
for tracking the depth of anesthesia, which is a key
component of some Enhanced Recovery After Sur-
gery (ERAS) recommendations [3]. By quantitatively
determining excitatory or inhibitory states of the ce-
rebral cortex using power and frequency analysis in
the EEG, BIS provides a numerical value correspond-
ing to a specific level of consciousness that reflects
the functional state of the cortex. This enables con-
tinuous non-invasive monitoring of anesthesia depth
throughout the entire perioperative period, aligning
with ERAS goals to optimize patient recovery, mini-
mize complications, and accelerate recovery.

A multicenter study [4] has shown that the depth
of anesthesia can influence postoperative complica-
tions. When comparing target BIS levels of 50 and
35, it was found that the quality of sedation did not
affect the one-year mortality rate, but deeper anesthe-
sia was associated with a higher risk of hemodynamic
disturbances. Similar data regarding operations in
a semi-sitting position (SSP) have not been found,
although such a position could create a risk of brain
hypoperfusion even with minor hemodynamic distur-
bances. Earlier reports have indicated that BIS values
depend on intraoperative positioning and are signifi-
cantly lower in the semi-sitting position compared to
the lying position [5], although the mechanism of this
phenomenon remains unclear. Given this, it is rele-
vant to determine the safe level of BIS in the semi-sit-
ting position.

Objective: To investigate the effect of BIS-con-
trolled anesthesia depth on hemodynamic changes
and early postoperative complications during shoul-
der joint surgeries in the semi-sitting position.

Materials and Methods

The study was conducted at the State Institution
Professor M. 1. Sytenko Institute of Spine and Joint
Pathology of the National Academy of Medical Sci-
ences of Ukraine and was approved by the local Bio-
ethics Committee (Protocol No. 231, dated 20 May
2023) of the relevant institution in accordance with
the ICH GCP guidelines, the Helsinki Declaration
of Human- Rights and Biomedicine, and current
Ukrainian legislation. All patients involved were in-
formed about the plan and conditions of the study and
provided both written and oral consent.

The prospective study involved 50 patients who
underwent shoulder joint surgery (arthroscopic rota-
tor cuff repair) in a SSP. The patients were divided
into two groups: Group I (n = 25) consisted of in-
dividuals in whom intraoperatively BIS values were
maintained within the range of 40—48, and Group II
(n = 25) consisted of patients whose BIS index was
maintained between 49-57. In both groups, intra-
operative BIS fluctuations were not allowed outside
the range of 40—60. The mean age of patients in
Group I was (43.2 £+ 12.5) years, and in Group II, it
was (41.8 + 10.2). Inclusion criteria: age 18—65 years,
ASA I-11, undergoing shoulder joint surgery in SSP.
Exclusion criteria: history of central nervous system
diseases, gastroesophageal reflux disease, post-chole-
cystectomy syndrome (as these conditions increase
the risk of postoperative nausea and vomiting
(PONV) [6)).

After ensuring venous access, both groups re-
ceived a volumetric load of 12 ml/kg [7]. Anesthe-
sia induction was performed with a 1 % propofol
solution at a dose of 2 mg/kg and fentanyl at a dose
of 100 mcg. Myoplegia for tracheal intubation was
induced with succinylcholine at a dose of 0.1 mg/kg,
followed by maintenance of muscle relaxation with
atracurium besilate at a dose of 0.3 mg/kg. General
anesthesia was maintained with a 1 % propofol solu-
tion according to the BIS-monitoring parameters.
Postoperative analgesia was provided with paraceta-
mol and non-steroidal anti-inflammatory drugs with-
out the use of narcotic analgesics. For the prevention
of PONYV, all patients received ondansetron 4 mg and
dexamethasone 4 mg [8].

Mechanical ventilation was provided using
the Drager Atlan A300 ventilator, and peripheral
blood saturation (SpO2), non-invasive systolic blood
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pressure (SBP), diastolic blood pressure (DBP), and
mean arterial pressure (MAP) were monitored us-
ing the Mediana YM 6000 monitor. BIS monitoring
COVIDEN was used to control the depth of seda-
tion and adjust the propofol infusion. According to
the manufacturer, the BIS system has a processing
delay of 5-10 seconds [9]. Considering that CO, is
a vasodilator and that a low level of carbon dioxide is
thought to cause cerebral vasoconstriction [10], con-
tinuous monitoring of end-tidal CO2 concentration
was performed in both groups, and the values were
maintained within the range of 35—45 mm Hg.

To assess potential early cognitive impairment,
the Mini-Mental State Examination (MMSE) and
the number connection test (NCT) were used: assess-
ments were conducted 24 hours before surgery and
on the second postoperative day. Pain was assessed
using the visual analog scale (VAS). In the postop-
erative period, the frequency of nausea and vomit-
ing, extubation time, and the recovery of spontaneous
breathing were analyzed.

The statistical analysis of the obtained data was
performed using IBM SPSS version 9.0 software.
The normality of the distribution of the samples was
tested using the Kolmogorov—Smirnov test. Mean
values and standard deviations were calculated. Com-
parisons of parameters between the groups were
made using the Student's t-test.

Results

Hemodynamic indicators were assessed before and
after induction and intubation, as well as 20 minutes
after positioning. As expected, there were no differ-
ences in values between the groups during the first and
second stages. However, at the third stage, 20 minutes

after positioning, and against the backdrop of pre-
loading, no differences in blood pressure between the
groups were observed (Table 1). At the same time,
patients with more superficial anesthesia (Group I)
had a significantly higher pulse rate (79.04 £ 7.51 vs.
72.76 + 9.46 beats per minute, p < 0.05).

Cognitive function was evaluated 24 hours before
surgery and two days after. No significant changes in
MMSE scores or in the number connection test were
found when comparing preoperative and postopera-
tive values (Table 2).

Pain assessment was conducted on the 1and 2
postoperative days using the Visual Analog Scale.
Statistically significant differences were found in
the intensity of pain between patients in Group I and
Group 11: 3.72 + 1.06 vs. 5.11 £ 0.90 points on the first
postoperative day (p < 0.001). On the 2nd postoper-
ative day, no significant differences were observed
(Table 3).

Postoperative nausea and vomiting were observed
in 5 patients (12.0 %) in Group I and 3 patients (20.0 %)
in Group II on the first postoperative day. On the sec-
ond day after surgery, no instances of postoperative
nausea or vomiting were recorded in any patient.

Recovery of adequate spontaneous breathing was
considered to occur when CO, levels were maintained
below 50 mm Hg. Extubation was performed when
the BIS level reached 85. The time to extubation
showed a significant difference between Group I and
Group II: 19.08 £ 2.87 minutes vs. 15.30 £+ 2.55 min-
utes (p < 0.001) (Table 5).

Discussion

This study examined how anesthesia depth, mea-
sured by BIS, affects peripheral hemodynamics,

Table 1
Hemodynamic changes in patients of the studied groups, M + SD
Group SBP, mmHg | DBP, mmHg | MAP, mmHg | Pulse, bpm
Initial level
126324857 | 83.8847.65 | 957+ 7.82 | 7896+1087
After induction
: 98724996 | 651241048 | 7386375 |  7476+773
20 Minutes after positioning
97.6 +5.38 | 6392+288 |  7425+348 | 79.04=75I
Initial level
1258441225 | 85881067 | 9773534 | 7484%10.57
After induction
! 103691254 | 6938+920 | 7532442 | 81.30=10.69
20 Minutes after positioning
98.07+557 | 6469272 |  7558=484 | 7276+946
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Table 2
Dynamics of cognitive functions in the patients
of the study groups, M + SD

Group MMSE, score | TCT, sec

24 hours before surgery
2792+ 115 | 65961850
2 days after surgery
28284233 | 6584+2262
24 hours before surgery
2765112 | 7173765
2 days after surgery
27884099 | 72.92+1251

II

Table 3
Study of pain syndrome levels in patients,
M*SD

Group

VAS (score)

Day 1

Day 2

I

3.72+1.06

2.92+1.28

II

5.11+0.90 *

3.5+0.86

Note: * p < 0.001 — differences in pain syndrome scores
between Group I and Group II on the first postoperative
day.

Table 5
Study of differences in recovery time of spontaneous
breathing and extubation in patients

Group Spontaneous breathing recovery, min Extubation, min
I 10.36 £ 1.95 19.08 +2.87 *
II 9.03 £ 1.86 15.30+2.55

Note: * p<0.001 - differences in extubation time between
groups.

neuropsychological status, pain perception, and post-
operative recovery quality after shoulder surgery un-
der general anesthesia. Our findings showed that with
deeper sedation (BIS 40-48), as compared to super-
ficial sedation (BIS 49—57), there were no.significant
changes in hemodynamic parameters, which is par-
ticularly important for surgeries in the SSP. Patients
with deeper sedation reported less intense pain and
fewer episodes of nausea and vomiting.

In studies by Y. Gu et al., postoperative nausea
and vomiting were analyzed, and it was found that
in the group where BIS monitoring was used dur-
ing anesthesia (1,556 patients), there was no reduction
in'the incidence of postoperative nausea and vomit-
ing compared to the group where standard clinical
monitoring was used (1,645 patients) [11]. Similarly,
in a study of 247 patients by J.L. Vance et al., no
statistical differences were found between the depth

of anesthesia under BIS control, the length of stay in
the intensive care unit, or the overall duration of hos-
pitalization [12]. A recent meta-analysis of 26 ran-
domized controlled trials, involving 10,743 patients,
showed that based on depth of anesthesia monitor-
ing, deeper sedation was associated with lower pain
scores during the first hour after surgery, but with
a higher incidence of postoperative delirium [13]. An-
other meta-analysis of 15 studies with 5,392 partici-
pants demonstrated that aiming for a relatively high
BIS level was associated with a reduction in postop-
erative dementia and cognitive dysfunction, but no
significant differences were found in terms of hospi-
tal length of stay or mortality [14].

In a study involving 50 patients aged 18—60 years,
it was found that BIS-guided anesthesia promotes
earlier extubation and reduces the consumption of an-
esthetics [15].

Conclusions

Comparison of deeper anesthesia (BIS 49-57)
with more superficial anesthesia (BIS 40—48) in pa-
tients undergoing shoulder joint surgery in the SSP
showed that the former is associated with less postop-
erative pain and a lower frequency of PONV, without
leading to significant changes in intraoperative hemo-
dynamics, which is especially important for surgeries
performed in the SSP.

The level of anesthesia depth based on BIS param-
eters does not affect the detection of cognitive disor-

ders in the early postoperative period.
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