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The impact of preoperative volume overload
on hemodynamic parameters during shoulder arthroscopy
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Objective. To investigate the influence of preoperative volemic loading
on changes in hemodynamic parameters due to positioning of anesthe-
tized patients in the beach chair position. Methods. A prospective ran-
domized single-center study included 140 patients. Group [ (n = 70) —
patients who underwent preoperative loading in a volume of 12 ml/kg
before changing the body position. Group Il (n = 70) — patients who
did not undergo preoperative loading. Afier induction with propofol/
fentanyl in standard doses and orotracheal intubation, the patient was
transferred from the supine position to the BCP. Non-invasive systolic
blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), and heart rate were determined using a Mediana
YM6000 monitor. The first measurement of SBP, DBP, and MAP was
performed immediately afier positioning the patient supine, the sec-
ond after induction, the third 5 minutes afier positioning in the NSP,
and subsequently blood pressure measurements were performed ev-
ery 5 minutes, heart rate, and SpO, continuously. In the postoperative
period, the following criteria were evaluated: frequency of nausea/
vomiting, frequency of orthostatic collapse within 48 hours, average
heart rate within 6 hours. Results. Induction of general anesthesia
caused comparable changes in hemodynamics in patients of the stud-
ied groups without significant differences between groups. When
changing the body position in the BCP, hemodynamic changes had
significant differences between groups. Only 7.1 % of the subjects
in group 1 had nausea and vomiting in the early postoperative pe-
riod, while in group II 21.4 % of patients had nausea and vomiting.
The development of tachycardia was noted during the first 6 hours
after surgery in patients in group II (95.0 = 5.8), compared with group
1(70.3£6.5) (p < 0.001). The development of orthostatic collapse was
observed more often in patients in group Il and amounted to 14.3 %
vs. 10.0 % of the subjects in group 1. Conclusions. Preoperative infu-
sion loading does not significantly affect hemodynamic reactions that
occur during induction of general anesthesia in young patients ASA
I-II. Preoperative infusion loading during operations in a BCP sig-
nificantly reduces the number of early postoperative complications:
postoperative nausea and vomiting, orthostatic collapse and the de-
velopment of tachycardia.

Mema. Jlocrioumu eénaugé nepedonepayitinoco 801eMiUHO20 HA-
BAHMAICEHHSL HA 3MIHU NOKA3HUKIE 2eMOOUHAMIKU GHACTIOOK NO-
SUYIIOBAHHA AHECME3068AHUX X6OPUX Y HANIGCUOAUOMY NOTOIHCEHHI
(HCII). Memoou. [Ipocnexmuere panoomizosane 0OHOYEHMPOse
docnioxcenns exknrouano 140 nayicumis. Ipyna I (n = 70) — x60-
Di, AKUM NPOBOOUNIOCH Nepedonepayiiine HABAHMANCEHH S 6 00CA3I
12 mn/ke neped sminennsim nonodicenns mina. I pyna Il (n = 70) —
ocobu, 6e3 nepedonepayiiino2o Hasanmaxcenns. Ilicaa npoge-
OenHsl iHOYKYii nponogon/henmanin y cmanoapmuux 003ax ma
opompaxeanvhoi iHmybayii nayicum nepesoouscs 3 NOJONHCEHHA
nearcauu 00 HCIL. [lepwe sumipio8anms cucmoniunoz2o apmepians-
Hozo mucky (CuAT), diacmoniunozo apmepianvrozo mucky (JiAT)
ma cepednvoco apmepiansrozo mucky (CAT) suxonysanoce oopa-
3y nicasA NO3UYIOBAHHI X80PO20 Nedcadll Ha ChuHi, opyee — nic-
J15 IHOYKyii, mpeme — uepes 5 xeé nicisi nozuyirosants ¢ HCII ma
Haoani GUMIPIOSAHHS APMEPIAIbHO20 MUCKY 30ILICHIOBAIU KOJICHT
5 x8, uacmomy cepyesux ckopouenv (4CC) ma camypayiro nepe-
Gupuunoi kposi (SpO,) nocmitino. Y nicisonepayiinomy nepiooi
oyinlosanu: 4acmomy HyOOmu/6a106ants ma po3guUmMKY opmo-
cmamuyno2o Konancy npomsazom 48 200, cepeonio YCC npomszom
6 200. Pesynomamu. IHOykyis 3a2a1vHoi anecmesii GUKIUKANA CNIG-
CMABHI 3MIHU 2eMOOUHAMIKYU 68 NAYIEHMIE O0CTIONCY8AHUX 2PV
0e3 0ocmosipHoi pisnuyi misxc epynamu. Apmepianrvruil muck ma-
Kodic 00cmogipHo 8iopisnasca 6 nayienmie I ma Il epyn. YV 7,1 %
docnidoicenux y I epyni cnocmepizanoce wyooma ma On08aHHs
6 pannvomy nicisionepayiinomy nepiodi npomu I epynu 21,4 %
xeopux. Pozeumox maxixapoii npomseom nepuiux 6 200 nicis one-
payii 6 nayicumis 1l epynu cxnae (95,0 + 5,8), npomu (70,3 £ 6,5)
(p < 0,001), a opmocmamuunui konanc y Il epyni 6ys 14,3 npomu
10,0 %. Bucnoexu. Ilepedonepayiiine in@y3iiine HABAHMANCEHHS
00360151€ MIHIMI3Y8aMU NOCHYPAbHI 3MIHU 2eMOOUHAMIKU NiO Yac
onepayiii 8 HANIBCUOAUOMY NONONHCEHHI. BoHO 0ocmosipHo He éniu-
8a€ HA pearyii eeMOOUHAMIKU, AKI UHUKAIOMb NI Yac IHOYKYil
3a2a1bHOT anecmesii 8 MOLOOUX nayienmis. 3a ymos onepayii  Ha-
NIBCUOAYOMY NOJONHCEHHI OOCIMOBIPDHO 3MEHULYIOMbCA KITbKICIb
PaHHIX nicisAonepayiinux ycKiaoHenvb: Hyooma ma Onio8amHs,
OpMOCMamuyHuil KOAanc, po3eumox maxixkapoii. Knouosi crosa.
Haniecuosue nonooicenns, 3aeanvha anecmesis, inQy3itina mepa-
nis, apmpockonis
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Introduction

The change in the patient’s body position from
the supine to the semi-sitting position (SSP) initiates
physiological changes to adapt the cardiovascular sys-
tem. In particular, this adaptation is impaired during
general anesthesia due to the effects of anesthetics on
sympathetic activity and dysregulation of the barore-
ceptor system. However, this is associated with sig-
nificant hemodynamic instability, which leads to an
increased risk of cerebral hypoperfusion [1]. Cerebral
perfusion pressure decreases by approximately 15 %
in the sitting position in non-anesthetized patients and
drops significantly under anesthesia due to vasodila-
tion and impaired venous return, resulting in hemo-
dynamic instability, impaired oxygen delivery with
possible subsequent organ dysfunction. Conversely,
fluid overload leads to multisystem effects, including
interstitial edema with effects on gas exchange, renal
function, and the gastrointestinal system [2]. Periop-
erative hypotension is not necessarily indicative of an
intravascular fluid deficit, but rather a result of general
anesthesia causing a weakening of vascular tone [3].
A decrease in cardiac index by 24 % during the trans-
fer of patients to the SSP occurs due to the transfer
of 14 % of blood volume from the intra- to the extra-
thoracic space [4]. At the time of changing the body
position, the hemodynamic problem becomes greater
due to caudal accumulation of blood, and, in turn,
a decrease in preload [5]. The effect of infusion load-
ing before transferring an anesthetized patient to
the SSP remains uncertain. Traditionally, infusion
preload has been used to prevent intraoperative hy-
potension caused by spinal anesthesia, but this issue
still remains controversial [6]. New data are emerging
on the positive effect of infusion preload on hemody-
namic stability in patients with SSP [7], so this issue
requires further investigation.

Purpose: to investigate the influence of preoper-
ative volemic load on changes in hemodynamic pa-
rameters due to positioning of anesthetized patients
in a semi-sitting position.

Material and methods

The study was performed at the State Establish-
ment “Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the NAMS of Ukraine”. It was ap-
proved by the local Bioethics Committee (protocol
No. 231 dated 20.05.2023) of the relevant institution in
accordance with the rules of ICH GCP, the Helsinki
Declaration of Human Rights of 2002, the Council
of Europe Convention on Human Rights and Biomed-
icine approved in 1977, as well as the current legisla-
tion of Ukraine. Informed consent was obtained from

all patients included in the study. The prospective
randomized study included 140 patients, divided into
2 groups: I (n = 70) individuals who underwent pre-
operative loading in the amount of 12 ml/kg before
changing the body position; II (n = 70) without preop-
erative loading. The average age of patients in group |
was (42.4 £ 10.7), in group II (41.1 £ 13.3) years. Pa-
tients with cardiac arrhythmia, angina pectoris, re-
spiratory, renal or hepatic failure were excluded from
the study.

According to the American Society of Anesthe-
siologists (ASA) scale, all subjects were classified as
Class I and II. Patients in Group I received a volume
load of 12 ml/kg 30 min before surgery. The quali-
tative composition of the infusion therapy consisted
of balanced crystalloid solutions. Patients in Group II
did not receive a preliminary volume load before
the intervention. Before induction, patients were ad-
ministered pantoprazole 40 mg, diazepam 10 mg. In-
duction was provided with propofol 1 % 2 mg/kg,
fentanyl solution 0.2 mg, muscle relaxation was pro-
vided with suxamethonium solution 1 mg/kg, and sub-
sequently atracurium besylate 0.3 mg/kg. General an-
esthesia was maintained with propofol 1 % 5—7 mg/kg/h,
and fentanyl solution was used for anesthesia. After
orotracheal intubation and transfer of the patients to
mechanical ventilation, their position was changed to
the SSP.

Peripheral blood saturation (SpO,), non-invasive
systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), mean blood pressure (MBP), heart rate
(HR) were determined with a Mediana YM6000
monitor. The first measurement of SpO,, SBP, DBP
was performed immediately after positioning the pa-
tients lying on their back, the second one after induc-
tion, the third one 5 min after positioning in the SSP,
subsequently blood pressure control was performed
every 5 min, heart rate and SpO, constantly.

In the postoperative period, the following criteria
were studied: the frequency of nausea/vomiting and
the development of orthostatic collapse within 48 h,
average heart rate within 6 h.

The groups were comparable in age and duration
of surgery (Table 1).

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 determined. Differences between
groups of indicators were assessed using the Student's
t-test.
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Results

Analysis of changes in hemodynamics depending
on preoperative volume load

The primary hemodynamic indicators did not
differ statistically between the groups (Table 2).
Similarly, induction of general anesthesia caused
comparable changes in hemodynamics in patients
of the studied groups without a significant differ-
ence between them. In the case of a change in body
position before SSP, hemodynamics had significant
differences between the groups. The most signifi-
cant were recorded in terms of heart rate (beats/
min): (95.0 £ 5.8) in patients of group Il compared to
(70.34 £ 6.52) in group I (p < 0.001). Blood pressure
also significantly differed in patients of groups I and
IT (mm Hg): Systolic blood pressure (103.9 + 7.8) vs.
(95.9 £5.9), respectively (p < 0.001); Diastolic blood
pressure (63.3 = 7.2) vs. (57.5 = 5.0) (p < 0.001) and
MBP (76.8 + 7.2) vs. (69.6 = 5.4) (p < 0.001). Con-
sidering that SSP support provides autoregulation
of cerebral circulation, the study did not allow even
a short-term decrease to 65 mm Hg.

Analysis of postoperative complications

The criteria for the adequacy of intraoperative
volemic status and hemodynamic stability can be
considered the frequency of postoperative complica-
tions: tachycardia in the postoperative period, vom-
iting and orthostatic collapse in the first 48 hours
after the intervention. Our observation data showed
that patients of the studied groups had a signifi-
cant difference in these indicators. Thus, only in
7.1 % of cases in group I nausea and vomiting were
recorded in the early postoperative period, while

Table 1
General characteristics of the examined patients

Patient group Age of patients, years Duration of surgical

intervention, min

in group II in 21.4 %. The development of tachy-
cardia was noted during the first 6 hours after sur-
gery in patients of group II (95.0 £ 5.8), in group
1 (70.3 £ 6.5) beats/min (p < 0.001), and orthos-
tatic collapse was observed more often in patients
of group II and amounted to 14.3 versus 10.0 %
of the studied in group I (Table 3).

Discussion

Significant cardiovascular changes can occur
when patients are placed in the upright position.
Mean blood pressure, central venous pressure,
and arterial partial pressure of oxygen (PaO,) de-
crease, while the alveolar-arterial oxygen gradient
(PAO,-Pa0,), pulmonary vascular resistance, and
total peripheral resistance increase. Under nonan-
esthetic conditions, these effects are compensated
for by an increase in systemic vascular resistance
of 50-80 %. However, this autonomic response is
blocked by the vasodilatory effects of anesthetics,
which further increase and impair cardiac output.
Blood pressure remains unchanged or increases in
nonanesthetic patients in the sitting position but de-
creases under anesthesia.

In the supine position, the blood pressure mea-
sured in the arm and that providing brain perfusion
are essentially the same, but if the patient is in an
upright position in a chair, it is lower in the brain than
in the heart or arm. The difference in blood pressure
will be equal to the hydrostatic pressure gradient be-
tween the heart/arm and the brain.

A study of 23,073 patients found that if the arm
systolic blood pressure is 65 mm Hg and the dis-
tance to the external auditory canal (which is
the base of the brain) is 30 cm above the heart,
the pressure at the level of the cerebral cor-
tex is 42 mm Hg (Figure). That is, when chang-
ing the body position in anesthetized persons in

[(=70) 424+107 126.0+254 the SSP, each centimeter of verticalization leads to
11 (n=70) 4L1=133 1291252 a decrease in blood pressure by 0.77 mm Hg [8].
Table 2
Hemodynamic variations observed in patients of the study groups
Patient Hemodynamics indicators
group
primary after induction after positioning
SBP DBP MBP HR SBP DBP MBP HR SBP DBP MBP HR
(mm Hg) | (mmHg) | (mm Hg) (b/min) (mm Hg) | (mmHg) | (mm Hg) (b/min) (mm Hg) | (mmHg) | (mm Hg) (b/min)
I 1415+ | 862+ | 1047+ | 808+ | 1046+ | 674+ | 798+ | 725+ | 1039+ | 633+ | 76.8+ | 703+
(n=70) 20.6 12.6 14.1 11.5 14.9 9.0 10.5 7.8 7.2 7.2 6.5
11 1455+ | 88.8+ | 1040+ | 835+ | 1040+ | 656+ | 784+ | 778+ | 959+ | 575+ | 69.6+ | 950+
(n=70) 17.8 14.8 12.7 9.4 12.7 9.9 10.4 59 * 5.0% 5.4%* 5.8%

Note. * — p <0.001, comparing groups I and II.
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Table 3
Presence of complications
in early post-operative period

Patient group | Average heart rate Nausea and Orthostatic
in the first 6 hours | vomiting within collapse within
after surgery, 48 hours, 48 hours,
beats/min patients patients
I (n=70) 703+6.5 5 7
11 (n = 70) 95.0+5.8 * 15 10

Note. * — p <0.001, comparing groups I and II.

Frontal cortex

MBP 42 mm Hg

30 cm — height
difference;

23 mm Hg —
perfusion pressure
difference

Mean blood pressure drops by 0.77 mm Hg for every centimeter of elevation above
the reference point (blood pressure cuff)

Figure. Comparison of MBP at shoulder and head level when
changing body position in SSP (according to Rodney A. Gabriel)

A. Jesudoss et al. compared SSP and middle cerebral
artery blood flow velocity and found that the semi-sit-
ting position under general anesthesia resulted in an
average decrease in SSP of 24.8 % and in middle ce-
rebral artery blood flow velocity of 28.0 % [9]. Lee
et al. noted that postural hemodynamic responses
during transfer to the SSP were observed in patients
with elevated baseline blood pressure [10].

Current guidelines recommend maintaining sys-
tolic blood pressure at a level of at least 70 mm Hg
[11]. The issue of hemodynamic correction in the SSP
remains controversial. In their studies, Soo Y Cho
et al. found that the use of vasopressin solution be-
fore transferring the patient to the SSP helps reduce
episodes of hypotension associated with verticaliza-
tion [12], but correction of low intraoperative values
of systolic blood pressure with vasoconstrictors alone
does not guarantee good organ perfusion. Gokdu-
man et al. performed fluid loading (crystalloid and
colloidal solutions) in a volume of 10 ml/kg of ideal
body weight 30 min before surgery before position-
ing, which contributed to a decrease in the frequency
of episodes of postoperative nausea and vomiting [7].
The results obtained by the authors are comparable
with our data. Other methods of preventing cerebral
hypoperfusion in SSP include preventing hyperven-
tilation and using high compression stockings [11].
Maintaining normovolemia may be more beneficial
than using vasoconstriction to increase SSP to pre-

serve cerebral perfusion; therefore, increasing intra-
vascular volume may be more effective in protecting
patients from possible hypoperfusion [13].

Conclusions

A preoperative infusion load of 12 ml/kg mini-
mizes postural changes in hemodynamics during op-
erations in the semi-sitting position.

Therefore, it does not significantly affect the he-
modynamic responses that occur during induction
of general anesthesia in young ASA I-II patients.

Preoperative infusion load during interven-
tions in the semi-sitting position significantly re-
duces the number of early postoperative complica-
tions: nausea and vomiting, orthostatic collapse, and

tachycardia.
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