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The effect of body position on hemodynamic parameters

and bispectral index
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Surgical interventions routinely have a significant impact on hae-
modynamic parameters due to a combination of factors: stress, an-
aesthetics, specific surgical procedures and perioperative position.
Monitoring the bispectral index (BIS) helps to adjust anaesthesia
to maintain stable haemodynamic status, minimise consciousness,
and potentially reduce recovery time. Objective. To assess the ef-
fect of body position on haemodynamic parameters and bispectral
index during upper limb surgery under general anaesthesia with
propofol solution. Methods. A prospective randomised study in-
volved 70 patients divided into two groups: I (n = 35) — operated
on in a semi-sitting position (SSP); II (n = 35) — anaesthetised in
a standard supine position. The average age of patients in group 1
was (43.06 + 11.92), in group Il — (40.25 + 10.14) years. General
anaesthesia was maintained with a 1% propofol solution depending
on BIS monitoring indicators. To control the depth of sedation and
adjust the propofol infusion, BIS monitoring COVIDEN was used.
Results. Patients were comparable in terms of age, duration of sur-
gery, and blood loss. When comparing haemodynamic values, the
following changes were observed: a statistical difference in SBP
(p < 0.001), DBP (p < 0.001), SAT (p < 0.001), slight tachycardia
was observed compared to group II, but within the reference values
(79.22 + 9.76) beats per minute and (71.34 = 7.77) beats per minute,
respectively (p < 0.001). Reliable statistical values were obtained
when calculating the dosage of 1% propofol solution; in group I,
the average value was (4.87 £ 0.24) mg/kg/hour, while in group I1 it
was (6.16 + 0.49) mg/kg/hour (p < 0.001). Episodes of nausea and
vomiting were observed in 12 patients in group I and in 5 patients
in group II. The average time to spontaneous breathing recovery
was longer in group I (p < 0.001), but no significant difference was
found in the average time to extubation (p = 0.55). Conclusions.
Anaesthesia monitoring using BIS allows to reduce the recovery
time after awakening by reducing the total doses of anaesthetics
administered. The infusion of anaesthetics depends not only on hae-
modynamic parameters but also on the perioperative body position.

OnepamueHi empyuanns 3a36Udaii SUKIUKAIOMb 3HAYHUL GNIUS
HA 2eMOOUHAMIYHI NOKAZHUKU Yepe3 NOEOHAHHS MAKUX YUHHUKIG:
cmpec, anecmemuuni 3acobu, cneyugiuni xXipypeiuni npoyedypu ma
nepionepayiune nonodicents. Monimopune bicnekmpaxmpansno2o
inoexcy (BIS) oonomaeae cropucysamu anecmesiro 0 niOMpumMKu
CcMadinbHO20 2EMOOUHAMIYHO20 cmamycy, MiHimizayii ceidomocni
ma nOMenyitino2o ckopouents yacy sionogienns. Mema. Oyinumu
BNILUG NONONCEHHSL MINA HA NOKAZHUKU 2eMOOUHAMIKU Ma Dicnekm-
PANbHO20 THOEKCY Nid 4ac onepayii Ha 6epXHIX KiHYI6KAX nio 3d-
2abHOIO AHECMe3i€I0 31 3ACMOCYBANHSAM PO3UUHY NPONOPONY.
Memoou. [{o npocnexmugnozo paHoOMi308aHHO20 OOCTIOHCEHHS
sanyyeno 70 xeopux, posnodinenux na 2 epynu: I (n = 35) — one-
posaHi 6 naniscuosyomy noaodxcenni (HCII); 1 (n = 35) — anec-
Mme308ami 6 CMAHOAPMHOMY noodwceHHi Ha cnuni. Cepedniil ik
xeopux y I epyni cknaoae (43,06 + 11,92), 6 Il — (40,25 + 10,14) po-
Ki6. 3aeanvHa anecmesisi NIOMPUMy8aIdcCh PO3UUHOM NPONOGhOLy
1 % 3aneacro 6i0 noxasnuxie BIS-wonimopuney. /s konmponto
enubunu cedayii ma Kopekyii inghysii nponogony euxopucmosy-
sanu BIS-wonumopine COVIDEN. Pezynomamu. Ilayienmu Oynu
Cni6CMAasHi 3a 8iKOM, MpPUBAIICmMio onepayii ma Kpogosmpamoro.
11i0 uvac nopisnanms 3navenb 2eMOOUHAMIKY BUSABLEHI MAKI 3Mi-
Hu: cmamucmuyna pisnuya 6 nokasnukax CiAT (p < 0,001), JiAT
(p < 0,001), CAT (p < 0,001), cnocmepieacmbcs He3HAUHA MAXi-
Kapois, nopisuano 3 epynoro I, ane 6 medxcax peghepenmnux 3Ha-
uens (79,22 + 9,76) yo. 3a xe ma (71,34 + 7,77) y0. 3a xé 8i0onogiono
(p < 0,001). [locmogipui cmamucmuuni 3Ha4eHHs OMPUMAHO NiO
uac pospaxynKy 0o3yeanis pozuuiy nponogpony 1 %, 6 I epyni ce-
peoHiil noxasHux cxkaadas (4,87 £ 0,24) me/xe/e00, mooi sk 6 11 —
(6,16 £ 0,49) me/ke/200 (p < 0,001). Enizoou nyoomu ma 61106aHHS
cnocmepieanuce y 12 xeopux 6 I epyni nayienmis, ma y 5 11 epynu.
Cepeoniil uac 6i0H061eHHS CHOHMAKHO20 OUXaHHs1 6 1 2pyni 006wl
(p < 0,001), ne 6yn0 6uAGTEHO OOCMOGIPHOT PI3HUYI 8 CEPEOHbO-
My uaci exkemybayii (p = 0,55). Bucnosku. Monimopune anecme3ii
3a donomoeoro BIS 0o3zeonac ckopomumu uac 6iOHOGNEHH NiCIs
npPoOYOdCEHHS, 34 PAXYHOK 3MEHUIEHHS 68€0C€HHS 3A2ANIbHUX 003
anecmemuxis. Ix ingy3is sanesicuns ne uuie 6i0 NOKAHUKIE 2eMO-
OuHamiku, aze i 8i0 nepionepayiiino2o nonodicenus mina. Kouogi
cnosa. 3azanvha anecmesis, HANIBCUOAUE NONONHCEHHS, 2eMOOUHA-
wmixa, BIS-monimopune.
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Introduction

Upper extremity surgery is performed in two
main perioperative positions: semi-recumbent (SRP)
and standard supine. Upper extremity surgery under
general anesthesia requires controlled hypotension
(to minimize blood loss and optimize the operating
field). However, prolonged hypotension can lead to
the development of neurological complications such
as stroke, cerebral ischemia, and transient visual
loss [1], as blood pressure is a target factor that affects
organ perfusion. Hypoperfusion and organ dysfunc-
tion are correlated with each other depending on their
severity, through the development of hypotension. In-
traoperative hypotension is known to be associated
with an increased risk of postoperative mortality [2],
myocardial ischemia after noncardiac procedures [3],
and acute renal failure [4]. SRP of the unanesthe-
tized patient activates the sympathetic nervous sys-
tem and thereby increases peripheral vascular re-
sistance, which leads to a further increase in blood
pressure. However, anesthetics inhibit the barorecep-
tor response, which is necessary to correct the effect
of gravity on cerebral perfusion pressure, therefore,
the main changes in hemodynamics occur precisely
during the change in the position of the anesthetized
patient [1]. One of the most widely used general an-
esthetics is propofol solution, which has a proven
safety record of over 30 years [5]. Most inhalation
anesthetics can cause peripheral vasodilation, but its
mechanisms are different. Propofol acts by suppress-
ing sympathetic tone, and not directly on the smooth
muscles of peripheral vessels [6], therefore, the use
of its solution contributes to better visualization
of the surgical wound. The occurrence of a vasople-
gic effect depends on the dosage, therefore, control
of the depth of anesthesia is a critically important
aspect of ensuring patient safety during surgical in-
terventions. Traditional monitoring of depth of anes-
thesia is primarily determined by the patient’s clinical
signs and symptoms, such as changes in heart rate,
blood pressure, and limb movements [7]. The bispec-
tral index (BIS) represents a significant breakthrough
in objectively assessing depth of anesthesia, provid-
ing valuable real-time feedback [8]. One important
application of BIS monitoring is its role in preventing
perioperative awakening, a psychologically traumatic
event that is exacerbated by the patient’s return to
consciousness during surgery. In a systematic review,
S:/R. Lewis et al. found evidence that BIS-controlled
anesthesia may reduce the risk of intraoperative
awareness compared with standard practice without
such monitoring [9]. The monitor processes real-time

electroencephalogram data and calculates a numer-
ical score (from 0 to 100) that reflects the degree
of brain function suppression. Today, BIS monitoring
is used to study the state of the central nervous sys-
tem, the pharmacodynamic effect of anesthetics [10]
and is the standard for monitoring intraoperative
sleep levels.

Control of arterial hypotension is crucial during
surgery. Hypotension is exacerbated by the use of an-
esthetics, perioperative body position, and blood loss.

Purpose: to analyze the influence of body position
on hemodynamics and bispectral index indicators
during surgical intervention on the upper extremi-
ties under general anesthesia with the use of propofol
solution.

Material and methods

The study was performed at the State Institution
“Professor M.I. Sytenko Institute of Spine and Joint
Pathology of the NAMS of Ukraine”. The study was
approved by the local bioethics committee (Pro-
tocol No. 231 dated 05.20.2023) of the relevant in-
stitution in accordance with the ICH GCP amend-
ment, the Helsinki Declaration of Human Rights
and Biomedicine, as well as the current legislation
of Ukraine. All involved patients were familiarized
with the plan and conditions of the experiment and
signed an informed consent.

The prospective randomized study included 70 pa-
tients, who were evenly distributed into 2 groups:
I (n = 35) — surgical intervention was performed
in the SRP; II (n = 35) — anesthetized patients in
the standard supine position. The average age of pa-
tients in group I was (43.06 = 11.92), in group II
(40.25 £ 10.14) years. Patients with cardiac arrhyth-
mias, angina pectoris, respiratory or hepatic failure,
and a history of drug addiction were excluded from
the analysis. Considering that BIS is a single num-
ber calculated on the basis of subparameters obtained
from the electroencephalogram, several factors can
change its value without affecting the depth of anes-
thesia (hypoglycemia, hypovolemia, cerebral ische-
mia) [11]; therefore, individuals with a history of trau-
matic brain injury and diabetes mellitus were also
excluded. The physical status of the patient in the pre-
operative period was assessed according to the ASA
(American Society of Anesthesiologists) scale, all
of whom were classified as class I-II. The initial
positioning of the patients in the two groups was
in the standard position — lying on their backs.
The day before, both groups were prescribed prega-
balin 75 mg. Before induction, they received panto-
prazole 40 mg, sibazone solution 10 mg. Induction
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included: propofol solution 1 % — 2 mg/kg, fentanyl
solution 0.005 % — 0.2 mg, myoplegia during tra-
cheal intubation was provided with suxamethonium
solution 0.1 mg/kg, and subsequently myorelaxation
was maintained with atracurium besylate solution at
a dosage of 0.3 mg/kg. After airway prosthesis and
transfer of the patient to artificial lung ventilation
with the Drager Atlan A300 device, general anesthe-
sia was maintained with propofol solution 1 % de-
pending on BIS-monitoring indicators. 10 min after
induction, patients in group I were transferred to
the NSP, patients in group II remained in the supine
position. Peripheral blood saturation (SpO,), non-in-
vasive systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean blood pressure (MBP)
were determined by the Mediana YM 6000 moni-
tor. The first measurement was performed immedi-
ately after venous access was established and then
every 5 min. COVIDEN BIS monitoring was used
to control the depth of sedation and correct the prop-
ofol infusion; the patient's depth of sedation should
be from 40 to 60, an index below 40 corresponds
to deep anesthesia, and BIS has a processing delay
of 5-10 s [12]. The difference between the predicted
and actual BIS was on average (30.09 + 18.73) s.
Given that CO, is a vasodilator and low levels are
thought to cause cerebral vasoconstriction [13], af-
fect neuroethology, structural histology, neuronal
apoptosis, and cerebral edema [14], end-tidal carbon
dioxide levels were measured continuously in both
groups and were 35—45 mm Hg. The Aldrete system

was used to assess the safety of transferring patients
from the intensive care unit to the ward.

In the postoperative period, the presence of nau-
sea and vomiting, the time of extubation and the res-
toration of spontaneous breathing were analyzed,
the quality of which was assessed using the Qual-
ity of recovery 15 (QoR 15) scale 24 hours after
the intervention.

Statistical analysis. The obtained data were an-
alyzed using the IBM SPSS 9.0 software. The nor-
mal distribution of the samples was checked using
the Kolmogorov-Smirnov test. The mean and stan-
dard deviation were calculated. Differences between
groups of indicators were assessed using the Student's
t-test.

Results

Analysis of primary indicators before perioper-
ative change in body position. Patients in the two
groups were comparable in age, duration of surgery
and blood loss. The initial data are shown in Table. 1.

When studying the changes in hemodynamic pa-
rameters such as: SBP, DBP, pulse and BIS-monitor-
ing values before induction, no significant difference
was found, the initial data are shown in Table 2.

When analyzing the two groups after induction,
no difference was found between them, a uniform
decrease in SBP, DBP and BIS parameters was ob-
served. Hemodynamic and BIS-monitoring data are
presented in Table 3.

Analysis of hemodynamic and BIS-monitor-
ing parameters after positioning. When compar-
ing hemodynamic data after positioning patients

Table 1
Comparison of patient age, duration of surgery, and blood loss
Group Age (years) Blood loss (ml) Duration (min)
I 43.06 +11.92 232.85+51.71 112.97 = 21.47
11 40.25+10.14 226.34 + 84.04 118.86 +20.53
Table 2
Comparison of initial hemodynamic parameters
Group SBP (mm Hg) DBP (mm Hg) Pulse (beats per minute) BIS
I 148.68 + 24.30 88.8 +11.80 77.94 + 11.80 97.08 + 1.42
11 148.11 £15.71 93.6 = 7.49 75.57 + 11.00 95.78 + 1.56
Table 3
Comparison of hemodynamic and BIS parameters after induction
Group SBP (mm Hg) DBP (mm Hg) Pulse (beats per minute) BIS
I 114.28 £ 11.00 73.6 £ 11.00 72.62 + 11.06 47.05 £3.94
II 116.74 = 11.15 76.08 +10.26 71.22 £10.30 452 +4.98
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in the SRP and in the supine position, the follow-
ing changes were found: the average SBP wval-
ues were (98.28 + 5.95) mm Hg, while in group II
(105.74 = 7.97) (p < 0.001), a significant decrease in
DBP in group I — (63.37 + 4.49) mm Hg (p < 0.001),
SBP in group I was (75 £ 4.97) mm Hg, while in
group II — (81 + 5.67) mm Hg. There was a signifi-
cant difference in pulse rates and slight tachycardia,
compared with group II, but within the reference
values (79.22 + 9.76) beats per min and 71.34 = 7.77,
respectively (p < 0.001). No significant statistical
changes were recorded in BIS values, namely in
group [ the average value was 46.37 + 4.44, while
in group II it was 45.54 + 4.09 (p = 0.42). Significant
statistical indicators were obtained when calculating
the dosage of propofol solution, in group I the average
values were (4.87 £ 0.24) mg/kg/h, while in group II
(6.16 = 0.49) mg/kg/h (p < 0.001). Changes in the ob-
tained data are presented in Table 4.

Detection of complications after anesthesia. Ep-
isodes of nausea and vomiting were observed in
12 patients in group I and 5 in group II. The aver-
age time to restore spontaneous breathing in group I
was (11.64 £ 3.82) min, while in group II it was
7.60 +2.36 (p < 0.001), the average time to extubation
in group I was (16.61 = 5.29) min, and in group II

(16.05 + 3.91) min, no significant difference was
found between the groups (p = 0.55) (Table 5).

Diagnosis of the safety of transferring a patient
from the intensive care unit to the department was
performed using the Aldrete assessment system.
The quality of recovery after surgery and anesthesia
was assessed using the QoR 15 scale. The average
value according to Aldrete and QoR 15 in group I
was 9.25 £ 0.60 and 140.08 + 6.17, respectively, in
group II the average value according to Aldrete was
9.57 £ 0.60, while QoR 15 was (141.22 + 8.35) points,
no significant difference between the groups was
found (p > 0.001) (Table 6).

Discussion

The study assessed the change in the dosage
of propofol solution depending on the perioperative
body position under the control of BIS monitoring
during surgical interventions on the upper extrem-
ities. The results showed that in the SRP the dos-
age of propofol solution is significantly less than in
the standard position, with the same hemodynamic
effects and BIS indicators in the two groups.

Considering that controlled hypotension is
the most effective method of stopping bleeding and
achieving clear visibility of the surgical field [15],

Table 4

Comparison of changes in SBP, DBP, SAT, pulse, BIS and propofol solution dosage
between groups after positioning

Group SBP (mm Hg) DBP (mm Hg) MBP (mm Hg) | Pulse (beats per minute) BIS Dose of 1% propofol solution (mg/kg/h)
I 98.28 £5.95 * | 63.37 £4.49 ** | 75 £4.97%** 79.22 £9.76 ° 46.37 £ 4.44 °° 487+024 -
II 105.74 + 7.97 69.2 £5.57 81 £5.67 71.34+£777 45.54 £ 4.09 6.16 £ 0.49

Notes: difference between groups I and II: * p < 0.001 — SBP; ** p < 0.001 — DBP; *** p < 0.001 — MBP; ° p < 0.001 —
pulse; °° p = 0.42 — BIS indicators; ¢ p < 0.001 — difference in the dosage of propofol solution between the groups.

Complications in the postoperative period

Table 5

Group Nausea and vomiting (number of patients) Time to return to spontaneous breathing (min) Extubation time
I 12 11.64 + 3.82 * 16.61 £ 5.29 **
II 5 7.60 £ 2.36 16.05 + 3.91

Notes: * p<0.001 — difference in time to restore spontaneous breathing; ** p = 0.55 — difference in time to extubation.

Table 6

Average score for assessing the safety of transferring a patient from the intensive care unit
and the quality of recovery after surgery

Group Aldrete Scale QoR 15
| 9.25+£0.60 * 140.08 £ 6.17 **
II 9.57 = 0.60 141.22 + 8.35

Notes: * p> 0.001 — difference in Aldrete scale scores; ** p > 0.001 — difference in QoR 15 scores.
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the pressure was maintained in both groups without
statistical difference. The study performed by W. Yin
et al. with the participation of 130 patients showed
that in the case of using standard doses of propofol
solution during shoulder arthroscopy, the time to re-
store spontaneous breathing was prolonged, but no
difference was found in episodes of vomiting and
nausea [16]. Another study took into account such
disadvantages of propofol solution as the develop-
ment of postoperative nausea and vomiting, although
perioperative sedation with this solution does not af-
fect this duration [17]. The time to recovery of spon-
taneous breathing was longer in the SRP group
compared to patients in the standard position, and
episodes of nausea and vomiting were observed in
4.2 % of cases.

One of the problems of anesthesia in the case
of shoulder arthroscopy is the need for controlled hy-
potension to reduce intra-articular hemorrhage and
thus provide adequate visualization for the surgeon.

T. Tantry et al. compared the efficacy and con-
venience of target-controlled infusion (TCI) of prop-
ofol and the inhaled agent sevoflurane in patients
undergoing shoulder arthroscopy. Of the 34 patients,
17 received TCI propofol (target plasma concentra-
tion 3 pg/mL) and the same amount of sevoflurane
(1.2—1.5 of the minimum alveolar concentration).
Propofol TCI helped to achieve lower systolic and
mean blood pressure, and the number of interventions
required was also lower compared with the sevoflur-
ane group [18].

T. M. Chokshi showed that the propofol group had
better visualization of the surgical field. The target
plasma concentration used was 3 pug/mL, which cor-
responds to a dosage of 8 mg/kg/h [19].

In a study by T. Sugiura on elbow surgery, bal-
anced anesthesia was used, consisting of general
anesthesia combined with brachial plexus block in
the perioperative period under the control of elec-
trocardiography, noninvasive blood pressure, SpO,,
end-tidal CO, tension and bispectral index. Propo-
fol infusion was used with a target control infusion
of 2 ug x ml! plasma concentration, corresponding
to 6 mg/kg/h [20], and no hemodynamic instability
was observed.

In the observation of N. Padhi et al., 9 episodes
of hypotension were observed with propofol and no
development of bradycardia, because hypotension
can lead to increased use of vasoactive drugs and flu-
ids that might otherwise be unnecessary [21].

S."A. Yildirim et al. noted that the development
of arterial hypotension occurs due to dilation of veins
or arteries, a decrease in cardiac output and systemic

vascular resistance, and the manifestation of brady-
cardia, which is regulated by the antisympathetic ef-
fect of propofol [22].

However, M. Matsushima et al. showed that
the decrease in heart rate caused by propofol cannot
be completely explained by the effect of the central
vagus nerve, i./e. this agent may also have a direct
inhibitory effect on the sinoatrial node [23].

Conclusions

Monitoring anesthesia with BIS enables a reduc-
tion in recovery time following awakening, primarily
due to the lower volume of general anesthetics ad-
ministered and a potential decrease in side effects.

Infusion of anesthetics depends not only on he-
modynamic parameters, but also on the periopera-
tive body position. Positioning in a semi-sitting po-
sition under general anesthesia significantly prolongs
the time of spontaneous breathing recovery, but at
a dosage of 4.5 mg/kg/h does not affect the extuba-
tion time. SRP does not affect the duration of stay in

the recovery room.
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