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Systemic and cerebral hemodynamic changes in patients
undergoing shoulder arthroscopy in the beach chair position
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The objective of study was verifying the impact of changing
position and general anesthesia on internal carotid artery
peak systolic velocities in patients undergoing shoulder ar-
throscopic surgery. M.ethods. A total of 85 American Society
of Anesthesiologist (ASA) physical status I-II patients of me-
dian age (33.0 + 11.3) y. o. underwent shoulder arthroscopy
under general anesthesia. The primary measures were systolic
blood pressure, diastolic blood pressure), MAP, and ICA PSV.
The main measurements were taken in the next time points.
The first one (initial data — 1) in the supine position on a ta-
ble before induction, the second one — 3 min after induction
to anesthesia in supine position and the third one in the beach
chair position (BCP). BCP was declared as a trunk elevation to
80°. An induction and maintenance of general anesthesia were
performed by propofol and fentanyl. Results. The initial level
of the SBP before induction was (143.7 + 22.1) mm Hg, after
induction to general anesthesia SBP (p = 0.001) decreased to
(125.1 + 26.7) mm Hg, after positioning changed in the same
manner. The initial level of DBP was (87.6 + 11.2) mm Hg, then
it dropped (p = 0.013) to (77.6 + 20.2) mm Hg with statistical-
ly significant (p = 0.005) decreasing to (66.1 + 17.7) mm Hg.
MAP showed statistically changes from initial level
of (113.3 +20.0) mm Hg to (101.3 + 23.1) mm Hg (p = 0.015) after
induction to anesthesia and to (86.5 £ 21.6) mm Hg after posi-
tioning (p = 0.015). After positioning to BCP ICAPSV reduced
significantly from (81.5 £ 15.1) cm/sec to (69.5 + 16.8) cm/sec
(p = 0.001). The overall drop in ICAPSV was (16.9 + 19.0) cm/
sec. Conclusion. SBP, DBP and MAP were decreased after in-
duction to general anesthesia and after subsequent patient po-
sitioning to the BCP, however post-induction hypotension does
not provoke changes in ICA PSV. Though, further positioning
of patients to the BCP leads to decreasing of ICA PSV.
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Toeonanns maxux paxmopis ax 3aeanvna anecmesis ma 3mina
NONONACEHHA Mina NiCas IHOYKYII Maroms 6naue Ha CUCHEMHY
ma yepebpanvny cemoounamixy. Mema. Busasumu eniue 3mi-
HU NONOJICEHHS MINA ma 3a2albHoi anecmesii Ha NiKO8Y Cuc-
MOoNiuHy weuoxicms eHympiunsoi connoi apmepii (IICLLIBCA)
¥y nayienmig nio uac nposedeHus apmpockonii. Memoou. 85 na-
yienmis i3 ¢izuunum cmamycom 3a ASA I-11, cepednvozo 6iky
(33,0 + 11,3) pokis, npogedeHo apmpocKonit Niey08020 Cye-
noba nio 3azanvhum naprkozom. OCHOBHUMU GUMIPIOBAHHAMU
oynu cucmoniunuti apmepianvhutl muck (CAT), diacmoniunuil
apmepianonuti muck (HJAT), cepeoniti apmepianvHuti muck
ma IICIIIBCA. Ochogni 6umipiosanus: 6 NOJONCEHHI Jedncauul
Ha cmoii nepeo iHOYKyiclo, uepe3 3 X6 Nicis 66e0eHHs 6 Hap-
KO3 6 NONOJICEeHHI Nedcadt ma 6 NON0JICeHHI NIIAICHO20 Kpicia
(IIIIK). Inoyxyiro ma 3abe3neuents 3a2aibHoI0 aHecmesilo npo-
soounu cubasonom, nponoghonrom i ¢enmanizom. [ani npo-
aunanizosano cmamucmuyno. Memoou onucogoi cmamucmuxu
BUKOPUCMOBYBAIU OJIA POZPAXYHKY CEPeOHbO20, CMAHOAPMHO20
BIOXUNEHHSA, MIHIMATILHO20 | MAKCUMAILHO20 3HAYEHb GUOIDKIL.
Topisnsannsa nposodunu 3a donomozor T-mecmy 011 nogmop-
HUX NOPIGHSAHb 3 PO3PAXYHKOM DI3HUYI cepedHix 31 cmandapm-
Hum sioxunenuam (M + SD), kpumuunoeo 3HauenHs Kpumepirn
(1) ma tioeo cmamucmuynoi 3uauywocmi (p). Ans nopieHsanHs
OUHAMIKU 3MIHU napamempie 610 nPoeeoeHo 3a2albHull IiHill-
HULl QHANI3 3 GU3HAYEHHAM 3HauenHs Kpumepito Ilinnai ma iioeco
sHauenHs. Aunaniz nposoouscsa ¢ naxemi IBM SPSS Statistics
20.0. Pesynomamu. [louamxosi oani CAT, JAT ma cepednvoco
apmepianbHo20 MUCKY O0CIMOGIPHO 3HUNCYBANUCH NICTIA THOYKYIT
ma nicis no3uyioHy8auHs, aie iHOYKYis He GNAUHYIA HA NOKA3-
nux [ICLHIBCA. Ilicas nosuyireanusn oo IIIIK 6yro xoncma-
mogano 3Haune 3HudcenHs nokasuuxie [ICIIIBCA. Buchosku.
Koncmamosano oocmosgipue snuscenna CAT, [JAT, cepeonvoco
apmepianbHo20 MUCKY Ricis UHOYKYIT ma nooanbutlo2o no3uyiio-
sanns xeopux y IIIK. Ilocmindyxyitina 2inomen3sis He 6niusae
Ha ounamixy [ICIHIBCA, ane eusneneno 0ocmosiphe ii 3HUdICEHHs
nicns nosuyiroganus. Knwouogi ciosa. nonosicents nasicHo20
Kpicaa, apmepianvbhuil Muck, NIKO8a CUCMONIYHA WEUOKICIb
BHYMPIWHBOI COHHOI apmepii, apmpocKonis.
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Introduction

The beach chair position (BCP) was developed
in the 1980s for shoulder arthroscopy procedures.
Approximately two-third of shoulder surgeries are
conducted in the beach chair position, as opposed
to the lateral decubitus position [1]. The advantages
of the beach chair position include the ease of set-
up, limited brachial plexus stress, increased gleno-
humeral and subacromial visualization, anesthesia
flexibility, and the ability to easily convert to an open
procedure [2]. However, there are risks associated
with moving an anesthetized patient from the supine
to the sitting position, which include reductions in
blood pressure, cardiac output (CO), and cerebral
perfusion, which if prolonged, may result in serious
adverse events such as stroke, coma, spinal cord isch-
emia, and visual loss [3]. Salazar et al. reported cere-
bral desaturation in 18 % of patients during shoulder
surgery in the BCP [4]. Hemiparesis was reported in
a patient with a congenital asymmetry of the circle
of Willis, which may have resulted in limited collat-
eral flow to the left anterior and middle cerebral arter-
ies (incomplete circle of Willis may be present in up
to 40 % of patients) [5]. Another report noted a case
of a patient who did not regain consciousness after an
orthopedic BCP procedure despite the maintenance
of appropriate blood pressure [6]. When patients are
positioned in the BCP under anesthesia, significant
hemodynamic changes, such as decreases in mean ar-
terial pressure (MAP), heart rate, and CO may devel-
op. The circulatory challenge of being positioned in
a sitting position during induction of anesthesia may
jeopardize maintenance of MAP leading to hypo-
tensive events. We questioned whether hemodynam-
ic challenge of anesthesia in the sitting beach-chair
position compromises cerebral perfusion in patients,
undergoing shoulder arthroscopic surgery.

The purpose of the study was to evaluate the im-
pact of changing position and general anesthesia on
internal carotid artery peak systolic velocities (ICA
PSV) in patients undergoing shoulder arthroscopic
surgery.

Material and methods

A case series was accomplished in SI “Syten-
ko Institute of Spine and Joint Pathology National
Academy of Medical Sciences of Ukraine”. A to-
tal of 85 American Society of Anesthesiologist
(ASA) physical status I-II patients of median age

(33.0 = 11.3) y. o. underwent shoulder arthroscopy
under general anesthesia. Inclusion criteria includ-
ed patients with a torn or damaged cartilage ring or
ligaments, shoulder instability, in which the shoul-
der joint is loose and slides around or becomes dis-
located. Exclusion criteria included patients who had
previously documented stroke, brain injury, heart fai-
lure or arterial hypertension. The primary measures
were systolic blood pressure (SBP), diastolic blood
pressure (DBP), MAP, and ICA PSV. Hemodynamic
parameters were measured by patient monitor Me-
diana YM 6000. Ultrasound examinations of ICA
PSV was performed using ultrasound device Toshiba
Aplio-500 with a linear transducer with a frequen-
cy of 7,5 MHz by standard method by one exami-
ner. The main measurements were taken in the next
time points. The first one (initial data — I) in the su-
pine position on a table before induction, the second
one — 3 min after induction to anesthesia in supine
position and the third one in the beach chair position
(after positioning). BCP was declared as a trunk ele-
vation to 80°. The anesthesia was induced by fen-
tanyl, diazepam, and propofol in standard doses by
manual bolus. Maintenance of general anesthesia was
performed by propofol and fentanyl infusion to adjust
BIS parameters at level 40—60. If the hemodynamic
conditions were judged as stable the patients were
tilted up, and remained in that position throughout
the surgical procedure.

The data were analyzed statistically. Descriptive
statistic methods were used to calculate the mean
(M), standard deviation (SD), minimum (min) and
maximum (max) sample values. Comparisons were
made using the T-test for repeated comparisons with
the calculation of the difference in means with stan-
dard deviation (M £ SD), the critical value of the cri-
terion (t) and its statistical significance (p). The calcu-
lated power of the test with the received calculation
data is 0.99 (R package). To compare the dynamics
of parameter changes, a general linear analysis was
conducted, with the determination of the value of the
Pillai criterion and its value. The analysis was carried
out in the IBM SPSS Statistics 20.0 package.

The trial was conducted in accordance with
the ethical principles as well as all patients provided
written informed consent before study initiation.

Results

We analyzed the hemodynamic effects of in-
duction to anesthesia in the supine position with
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subsequent stepwise rise to the sitting BCP (Ta-
ble). The initial level of the SBP before induc-
tion was (143.7 = 22.1) mm Hg, after induction to
general anesthesia SBP significantly (p = 0.001)
decreased to (125.1 £ 26.7) mm Hg, after po-
sitioning SBP further declined significantly to
(106.8 + 27.0) mm Hg (p = 0.028). DBP changed
in the same manner. The initial level of DBP was
(87.6 £ 11.2) mm Hg, then it dropped significantly
(p = 0.013) to (77.6 £ 20.2) mm Hg with subsequent
statistically significant (p = 0.005) decreasing to
(66.1 £ 17.7) mm Hg. MAP as the main index of tis-
sue perfusion also showed statistically significant
changes from initial level of (113.3 + 20.0) mm Hg
to (101.3 + 23.1) mm Hg (p = 0.015) after induction
to anesthesia and to (86.5 = 21.6) mm Hg after po-
sitioning (p = 0.015). None of the patients required
vasopressor support in perioperative period.
Interestingly, dynamics of ICA PSV was different
(Table). Despite significant changes in systemic he-
modynamics after induction to anesthesia (decreasing
of SBP, DBP and MAP) ICA PSV did not show statis-
tically significant changes. After positioning to BCP
ICAPSYV reduced significantly from 81.5+15.1 cm/sec

to 69.5£16.8 cm/sec (p=0.001). The overall drop in
ICAPSV was (16.9 + 19.0) cm/sec.

Discussion

Cerebral blood flow is dependent on systemic cir-
culation that can be altered by both general anesthesia
and position changing. The brain accounts only for
2 % of body weight, yet it receives about 15-20 %
of cardiac output. Most of the arterial blood supply
(85 %) is derived from internal carotid arteries [7].
Cerebral autoregulation is the essential local regula-
tory mechanism that keeps CBF relatively constant
despite large changes in systemic arterial pressure.
The present clinical study aims to examine whether
the combination of factors such as a general anes-
thesia and changing position may have an impact on
the changing of flow velocity in carotid artery.

Internal carotid artery blood flow may reflect both
systemic and cerebral circulation. The mean ICA
PSV depends on the age of the patient ranging from
82 (50-112) cm/sec at age 2039, 76 (60—101) cm/
sec at age 40—49, 80 (59-96) cm/sec at age 50-59, 79
(62—109) cm/sec at age 60—69 to 71 (40-97) cm/sec
at age 70—79. The most important fact is that systolic
and diastolic middle cerebral artery flow velocities

Table

Systemic and cerebral hemodynamic changes in patients at different time points

Parameters Initial data (I) After induction After positioning (IIT)
to anaesthesia (I1)
M+ SD 1437 +£22.1 125.1 £26.7 106.8 £27.0
min + max 106.0 +202.0 67.0 +179.0 70.0 = 195.0
Systolic blood pressure, I-11 - 19.6 +£26.6 153 +28.0
mm Hg (M + SD), 11111 t=3.678; p=0.001 | t=2.386; p=0.028
tLp 1111 37.3+31.7
t=5.516; p=0.001
M+ SD 87.6+11.2 77.6 £20.2 66.1 +£17.7
min + max 63.0 ~120.0 30.0 = 130.0 40.0 +93.0
Diastolic blood pressure, I-11 - 11.2+£214 99+13.5
mm Hg (M + SD), 11111 t=2.662; p=0.013 | t=3.193; p=0.005
tLp I-111 21.4+19.4
t=15.191; p=0.001
M + SD 113.3 £20.0 101.3 £23.1 86.5£21.6
min + max 50.0 = 161.0 48.5 +150.0 55.0 + 144.0
Mean arterial pressure, -1 o 12.9 + 247 12.5+19.5
mm Hg (M + SD), 11111 t=2.614,p=0.015 | t=2.717;p=0.015
tLp I-111 29.4+£24.5
t=15.490; p = 0.001
M + SD 84.9+16.7 81.5+15.1 69.5 +16.8
min + max 61.0 + 120.0 60.0 +107.0 45.0 = 117.0
Internal carotid artery peak i 32+ 154 154+ 128
systolic velocities, 3 — 0 0fr Ccoal
om/sec (M + SD), 11111 t=0.962; p=0.348 | t=15.231; p=0.001
tLp I-111 16.9 £ 19.0
t=4.093; p=0.001
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are significantly correlated with internal carotid ar-
tery flow velocities [8]. Thus, ICA PSV with some
limitations may represent intracranial hemodynamics.
Arkadiusz Siennicki-Lantz et al. have shown that ICA
PSV correlates with cerebral blood flow measured by
SPECT in patients without hypertension [9]. That is
why patients with arterial hypertension were exclud-
ed from investigation.

After induction to anesthesia, patients are at par-
ticular risk of hypotension mainly due to preexist-
ing hypovolemia, the cardiovascular depressant and
vasodilatory effects of induction agents, and a lack
of surgical stimulation. Blood pressure during anes-
thesia induction with propofol can be decreased by
venous dilatation, arterial dilatation, or a reduction
in cardiac contractility. The recent investigation
emphasized domination of arterial dilatation effect
of propofol on the occurrence of post-induction hy-
potension [10]. Certain risk factors, such as age, sex,
weight, ASA score, and comorbidities associated with
post-induction hypotension, have been described in
various studies. Moreover, the post-induction hypo-
tension risk increases 2-fold with a history of hyper-
tension [11]. Our data revealed decreasing of MAP by
(12.9 +24.7) mm Hg after induction (p = 0.015). Only
12.5 % of patients had drop of MAP > 30 % from ini-
tial level. All patients showed quick restoration of he-
modynamics after fluid boluses.

ICA PSV dynamics were not altered by systemic
hemodynamic changes caused by induction to anes-
thesia. The same results were obtained by Eun-Hee
Kim et al. in pediatric patients [12]. The limitation
of our study was that we did not use continuous mon-
itoring of blood pressure and flow velocities. Only
parameters in 3 min after induction were measured.
In such investigation peak parameters may be missed.
No guidelines currently exist for invasive periopera-
tive blood pressure monitoring in patients undergo-
ing shoulder arthroscopy in the beach chair position.
According to U.S. National Anesthesia Clinical Out-
comes Registry (NACOR) only 1.92 % of such sur-
geries require arterial line placement [13].

After positioning we revealed further decreas-
ing of SBP, DBP and MAP. Our data are similar to
those obtained by M. Ko et al. [14]. The total inci-
dence of hypotension after placement into the BCP
in their investigation came up 93.65 % in all patients.
It was calculated that in BCP the MAP at the lev-
el of the brain would decrease by 0.77 mm Hg for
each 1 cm in head elevation from a heart-level MAP
[15]. Another method of estimate calculation of MAP
on the level of brain was proposed by J. Triplet [16].
The mean ratio of cerebral MAP to brachial NIBP is

0.939 in supine position, 0.738 at 30 degrees of in-
cline, and 0.629 at 70 degrees of incline. In patients
undergoing shoulder surgery in the BCP, crystalloid
fluid loading before positioning appears to be an ef-
fective alternative for protecting patients from hemo-
dynamic instability [17].

We hypothesized that decreasing of MAP in BCP
would reduce the level of ICA flow velocities. We re-
vealed that after positioning ICA PSV decreased by
(15.4 £ 12.8) cm/sec (p = 0.001). The same dynamics
were found in the recent study by J. Antony et al. [18].
It was revealed a strong correlation between MAP
and middle cerebral artery flow velocity, examined
by ultrasound transcranial doppler. Further investi-
gations are needed to determine how these changes
impact cerebral blood flow, cerebral saturation and
cognitive restoration after surgery.

Conclusions

We revealed statistically significant reduction
of SBP, DBP and MAP after induction to general ane-
sthesia and after subsequent patient positioning to
the BCP.

Post-induction hypotension does not provoke
changes in ICA PSV. Subsequent positioning of pa-
tients to the BCP leads to statistically significant de-
creasing of ICA PSV.
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