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Purpose: We investigated the effects of the beach-chair position and induced hypotension on
regional cerebral oxygen saturation (rSO,) in patients undergoing arthroscopic shoulder surgery by
using near-infrared spectroscopy. M ethods: Twenty-eight patients scheduled for arthroscopic shoul-
der surgery were enrolled prospectively. After induction of anesthesia, mechanical ventilation was
controlled to maintain Paco, at 35 to 40 mm Hg. Anesthesia was maintained with sevoflurane and
remifentanil. After radial artery cannulation, mean arterial pressure (MAP) was measured at the
external auditory meatus level and maintained between 60 and 65 mm Hg. The rSO, was measured
by use of near-infrared spectroscopy. MAP and rSO, were recorded at the following times: before
induction (T,), immediately after induction (T, [baseling]), after beach-chair position (T,), immedi-
ately after induced hypotension (T5), 1 hour after induced hypotension (T,), and after supine position
at the end of surgery (Ts). Cerebral desaturation was defined as a reduction in rSO, to less than 80%
of baseline value for 15 seconds or greater. Results: A total of 27 patients were evaluated until the
end of this study. The MAP at T, was significantly lower than that at T,. The MAP values at T, and
T, were significantly lower than those at T, and T,. TherSO,, at T, was significantly lower than that
at T,. Unlike the pattern of change in the MAP, there was no additional decrease in rSO, at T and
T,. There were 2 patients who had an episode of cerebral desaturation. Conclusions: The beach-chair
position combined with induced hypotension significantly decreases rSO, in patients undergoing
shoulder arthroscopic surgery under general anesthesia. Level of Evidence: Level 1V, study of

Effects of Beach-Chair Position and Induced Hypotension on
Cerebral Oxygen Saturation in Patients Undergoing Arthroscopic

nonconsecutive patients without consistently applied reference gold standard.

he beach-chair position (a variation of the sitting
position) for shoulder arthroscopy has been
widely accepted among orthopaedic surgeons.t How-
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ever, serious complications have been reported in re-
lation to shoulder surgery with the patient in the sitting
or upright position. Pohl and Cullen? reported 4 cases
of shoulder surgery in the beach-chair position that
resulted in death in 1 patient and severe brain damage
in 3 patients. Stroke and brain death, loss of vision,
and ophthal moplegia have also been reported.3 Possi-
ble causes of such complications were hypotension,
reduction of blood flow of the vertebral artery due to
hyperextension, and rotation or tilt of the head, which
could decrease cerebral perfusion pressure and cere-
bral oxygenation, resulting in cerebral ischemia.23
Furthermore, during shoulder arthroscopy, it is com-
mon to induce hypotension to achieve better visual-
ization of the surgical field.4 This combination of the
beach-chair position and induced hypotension under
general anesthesia has the potential to induce cerebral
ischemia and increase related complications.
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Various techniques have been developed for central
nervous system monitoring. Among these modalities
of central nervous system monitoring, near-infrared
spectroscopy (NIRS) provides continuous, noninva-
sive bedside monitoring of cerebral oxygenation, a
marker of the balance between oxygen supply and
demand.56

A recent case report suggested that NIRS may be
useful in monitoring the adequacy of cerebral perfu-
sion in the treatment of a patient undergoing shoulder
surgery in the beach-chair position.” However, the
relation between regional cerebral oxygen saturation
(rSO.) values and induced hypotension in the beach-
chair position has not been established in patients
undergoing arthroscopic shoulder surgery.

The goal of this study was to investigate the effects
of the beach-chair position and induced hypotension
on cerebral oxygen saturation in patients undergoing
arthroscopic shoulder surgery. We hypothesized that
the effect of placing a patient in the beach-chair po-
sition and inducing hypotension during arthroscopic
shoulder surgery would reduce cerebral oxygen satura
tion by greater than 10%. The secondary endpoint of this
study was to investigate the relation between the change
in rSO, vaue and postoperative cognitive dysfunction.

METHODS

After we obtained institutional review board ap-
proval and informed consent from each patient, 28
patients scheduled for elective shoulder arthroscopy in
the beach-chair position were enrolled prospectively.
Patients with diseases in which induced hypotension
was contraindicated (severe pulmonary disease, ane-
mia, cardiac disease, ischemic cerebrovascular dis-
ease, renal disease, hepatic disease, pregnancy, hypo-
volemia, severe systemic hypertension, and poorly
controlled diabetes),8 neurologic disease, and/or a pre-
operative Mini Mental State Examination (MMSE)
score of 23 or less were excluded. The enrolled pa-
tients underwent the MM SE before surgery and 1 day
after surgery. An anesthesiologist not involved in the
trial assessed the MMSE. A decrease in the MM SE
score by 2 points or more from baseline was consid-
ered a decline in cognitive function.®:10

Glycopyrrolate, 0.2 mg, was administered intrave-
nously as the premedication. Standard monitoring
with electrocardiography, radia arterial catheter,
pulse oximetry, and esophageal temperature were
used throughout surgery. According to the textbook
recommendations!! and practice guidelines of our in-
stitution on monitoring patients undergoing surgery in

the sitting position, the pressure transducer of the
radial arterial pressure measurement was zeroed at the
level of the external auditory meatus throughout sur-
gery, which made radia artery pressure directly re-
flect cerebral perfusion pressure. Sensors for NIRS
(INVOS 5100; Somanetics, Troy, MI) were placed bi-
lateraly at least 2 cm above the eyebrow on the right
and left sides of the forehead according to the manu-
facturer’s instructions before induction of general an-
esthesia. The rSO, value was continuously monitored
by use of NIRS.

General anesthesia was administered by a standard-
ized protocol. Anesthesia was induced with propofol
(2 mg/kg) and remifentanil (1 wg/kg), and rocuronium
(0.6 mg/kg) was given intravenously for neuromuscu-
lar blockade. After endotracheal intubation, ventila
tion was mechanically controlled by use of 50% ox-
ygen in an air mixture to maintain the end-tidal carbon
dioxide tension at 35 to 40 mm Hg. Anesthesia was
maintained with 1 minimum alveolar concentration of
sevoflurane and remifentanil.

After the induction of anesthesia, patients were put
into the beach-chair position using a beach-chair table
(T-MAX beach chair;, TENET Medica Engineering,
Calgary, Alberta, Canada). After positioning, hypo-
tension was induced and maintained at a target mean
arterial pressure (MAP) of 60 to 65 mm Hg with
continuous infusion of remifentanil. If remifentanil
over 0.5 ug - kg~ * - min~* could not induce target
MAP, infusion of nitroglycerin was added. When in-
cidental hypotension below the target MAP occurred,
infusion of phenylephrine was used to restore MAP to
the target level. MAP and rSO, were recorded at the
following times: before the induction of anesthesia
(To), 5 minutes after the induction of anesthesia and
establishment of mechanical ventilation (T, [base-
line]), 5 minutes after the beach-chair position (T,), 5
minutes after the establishment of induced hypoten-
sion (T3), 1 hour after the establishment of induced
hypotension (T,), and 5 minutes after the supine po-
sition at the end of surgery (Tg). Arterial blood gas
analysis was performed at the time points of T,, T,
T,, and T5. The mean vaues from left and right rSO,
a each time point were used for analysis. Cerebra
desaturation was defined asareduction in rSO, by less
than 80% of the basdline value for 15 seconds or
greater.912.13 \WWhen cerebral desaturation occurred, a
2-step treatment was planned: the first step was to
check and correct the anesthetic circuit, hemoglobin,
fraction of inspired O,, end-tidal carbon dioxide ten-
sion, and MAP. If the first step failed to restore an
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acceptable rSO, value, MAP was increased with in-
travascular fluid administration and phenylephrine.

Statistical Methods

In a previous study Fuchs et al.14 reported that the
rSO, value decreased from 78.5% in the supine posi-
tion to 73.8% in the sitting position with the patient
under general anesthesia. Another study described that
induced hypotension reduced the rSO, value by more
than 10% in 4% of the total measured points.1> There-
fore we presumed that the rSO, value would be re-
duced by more than 10% from that at baseline in
patients placed into the sitting position combined with
induced hypotension under general anesthesia. A
power analysis indicated that a sample size of 28
patients would be required to detect a difference of
10% in rSO, between T, (baseline) and T (induced
hypotension in beach-chair position) with « = .05 and
a power of 90%. SPSS software (version 15.0; SPSS,
Chicago, IL) was used for the statistical analysis.
Changes in MAP, rSO,, and values of arterial blood
gas analysis with time were compared with the base-
line values by use of repeated-measures analysis of
variance with Bonferroni correction to determine
which time point had values significantly different
from the baseline values. Differences in MM SE and
hemoglobin between T, and T were examined with
the Wilcoxon signed rank test and paired t test, re-
spectively. P < .05 was considered significant.

RESULTS

Among the 28 patients enrolled in this study, 1
patient was removed from this study because the pro-
cedure changed from arthroscopic surgery to open
surgery during the operation. Data analysis of the
remaining 27 patients showed that the reduction in
rSO, value was greater than we had expected and the
achieved power of this result was 0.99 despite the
removal of 1 patient from our study. Therefore we did
not include 1 more patient in this study.

TasLE 1. Demographic Data

Data
Age (yr) 575+ 74
Sex (M/F) 11/16
Height (cm) 160.9 * 6.4
Weight (kg) 615+ 7.7

NOTE. Values are mean = SD or number of patients.

TaBLE 2. Clinical Characteristics

Data
Duration of anesthesia (min) 201.1 = 59.5
Duration of surgery (min) 136.0 = 57.9
Duration of beach-chair position (min) 152.6 = 57.2
Duration of induced hypotension (min) 117.9 + 535
Fluid intake (mL) 1,108.9 + 473.0
Urine output (mL) 3145 + 1575
Infused phenylephrine dose (ug) 2,194.8 + 1,925.6
Infused remifentanil dose (ug) 946.6 + 564.8
MAP a T, (mm Hg) 104.2 = 12.0
The value of rSO, at T, (%) 66.3 = 5.9

NOTE. All values are given as mean *= SD.
Abbreviation: T,, before induction of anesthesia.

The demographic data of the patients are shown in
Table 1. The clinical characteristics related to surgery
and anesthesia are summarized in Table 2. Seridl
blood gas analysis is shown in Table 3. There were no
cases of acidosis, hypoxia, or hypercapnia/hypocapnia
on seria blood gas analysis. In addition, there was no
difference among the time points in Pao, and Paco,.
Although the lactate level at T was higher than that at
T, (1.45 = 0.84 mmol/L v 1.09 = 0.57 mmol/L, P <
.05), there was no further increase from basglinein the
lactate level. The postoperative hemoglobin level was
statistically lower than the preoperative level (12.3 +
0.8 g/dL v125 * 0.8 g/dL, P = .021). However, the
difference has no clinical significance.

The changes in rSO, and MAP are shown in Figs
1 and 2. The MAP values a T,, T, and T, (74.8 =
14.8 mm Hg, 63.6 = 5.2 mm Hg, and 64.3 = 4.9 mm
Hg, respectively) were lower compared with that at T,
(85.0 = 16.1 mm Hg) (P < .05). In addition, the MAP
valuesat T; and T, (63.6 = 5.2 mm Hg and 64.3 +
4.9 mm Hg, respectively) were significantly lower
than that at T, (74.8 = 14.8 mm Hg, P < .05). The
rSO, vaues & T,, Ts, and T, (67.4% =+ 4.9%, 66.0% =
6.3%, and 66.7% * 6.9%, respectively) were signifi-
cantly lower than that at T, (74.0% * 5.6%) (P <
.05). Unlike the pattern of MAP values, there was no
additional decrease in rSO, values at T; and T, com-
pared with T,.

There were 2 episodes of cerebral desaturation in
this study period. The first episode occurred in a
41-year-old woman who had no coexisting disease.
After her MAP decreased below 55 mm Hg for about
5 minutes during induced hypotension, the rSO, value
decreased to less than 80% of her baseline value for
about 1 minute. The rSO, was restored after the MAP
increased above 60 mm Hg by reducing the infusion
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TaBLE 3. Changes in Arterial Blood Gas Analysis During Shoulder Arthroscopic Surgery

T, T, T, Ts
pH 7.43 +0.03 7.43 = 0.04 7.43 * 0.04 7.42 + 0.05
Pao, (mm Hg) 229.3 + 48.2 219.1 + 29.7 228.2 + 29.6 215.1 + 46.4
Paco, (mm Hg) 354+ 26 349+ 35 355+ 43 357+ 34
Lactate (mmol/L) 1.12 + 051 1.09 + 0.57 1.17 + 0.61 1.45 * 0.84*
Hemoglobin (g/dL) 125+ 0.8 123+ 08"

NOTE. All vaues are given as mean = SD.
*P < .05 versus T3.
P < .05.

rate of remifentanil. The second episode occurred in a
63-year-old man who had hypertension. Immediately
after he was put into the beach-chair position, his
MAP was reduced to less than 60 mm Hg for about 3
minutes and cerebral desaturation occurred for about 5
minutes. After the MAP was increased to more 60 mm
Hg by reducing the infusion rate of remifentanil and
administering intravenous phenylephrine, the rSO,
was restored to above 80% of his baseline value.

A decline in cognitive function measured by MM SE
was not observed in any of the patients (Table 4).

DISCUSSION

We found that the beach-chair position itself re-
duced both cerebral oxygenation and MAP with the
patient under general anesthesia. In addition, induced
hypotension did not result in a further decrease in
cerebral oxygenation during the beach-chair position
in our study. However, there were 2 cases of cerebra
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Ficure 1. Change in MAP during shoulder arthroscopic surgery.
The beach-chair position and the induced hypotension each de-
creased MAP. A filled circle with error bars represents the mean
and standard deviation. Asterisk, P < .05 versus T1; dagger, P <
.05 versus T2; double dagger, P < .05 versus T5.

desaturation during atemporary declinein MAP under
60 mm Hg. Despite the 2 cases of cerebral desatura-
tion, cognitive dysfunction or other neurologic com-
plications did not occur in any of the patients during
the study period.

At present, brain oxygenation can be measured by
jugular bulb oximetry or brain tissue oxygen tension
sensors. However, these methods are invasive and
difficult to apply.” NIRS is a honinvasive monitor that
continuously provides cerebral oxygenation values.
NIRS measures the ratio of oxyhemoglobin to total
hemoglobin in afield beneath the sensor, and thisratio
is expressed as a percentage of rSO,. NIRS has been
used to detect cerebral hypoxia and ischemia in pa-
tients undergoing procedures at high risk for adverse
neurol ogic outcomes such as cardiovascular surgery.16

There are reports regarding the relation of body
position and rSO,. In a study in which the subjects
were non-anesthetized healthy volunteers, the rSO,
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Ficure 2. Change in regional cerebral oxygenation saturation
during shoulder arthroscopic surgery. The beach-chair position
reduced rSO,. However, there was no further decrease in rSO,
after induced hypotension. A filled circle with error bars represents
the mean and standard deviation. Asterisk, P < .05 versus T;;
dagger, P < .05 versus Ts.
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TaBLE 4. Comparison Between Preoperative and
Postoperative Measurement of MMSE Score

Preoperative  Postoperative P Vaue

MMSE score
[median (range)]

28(26-30) 29 (26-30) 117

value in the 20° reverse Trendelenburg position was
not different from that in the supine position under
normocapnia.l” In addition, Fuchs et al .24 reported that
rSO, values in the sitting position were not different
from those in the supine position in non-anesthetized
volunteers. However, rSO, values in the sitting posi-
tion were significantly lower than those in the supine
position in anesthetized patients, although their MAP
was increased or maintained at baseline values. This
phenomenon seems to occur because general anesthe-
sia impairs the compensatory mechanism that includes
the regulation of peripheral circulaion and cerebra au-
toregulation and thus indicates that changes in rSO,
related to positioning cannot be entirely explained only
by changes in hemodynamic parameters such as MAP.
In our study rSO, values were influenced by body
position and MAP under the conditions where Paco,
and Pao, were constantly controlled. When patients
were put into the beach-chair position (T,), there was
a significant decrease in MAP and rSO, values com-
pared with those at T,. When induced hypotension
wasestablishedat T;and T,, MAPvaluesat T;and T,
were significantly lower than that at T,. However,
rSO, valuesat T, and T, did not decrease significantly
fromthat at T,. Although there was a great decreasein
the MAP value from T, to T, the rSO, value was
maintained after the beach-chair position. Our data
showed that the rSO, value was not directly correlated
with MAP when other major factors that affect rSO,
were controlled. As such, our findings are consistent
with the report by Fuchs et al.14 However, our study
also showed the relation between the rSO, value and
MAP. In 2 episodes of cerebral desaturation, the
events occurred after MAP fell below 60 mm Hg and
resolved after MAP increased to over 60 mm Hg.
Because other major factors that affect rSO, were
controlled, the reduction of MAP below 55 to 60 mm
Hg could have been a cause of cerebral desaturation.
We continuously measured blood pressure at the
level of the externa auditory meatus, which is located
at the level of the circle of Willis, to reflect cerebra
perfusion pressure. When the patient is in the beach-
chair position, the MAP measured with the cuff on the
arm, which is located at the heart level, may overes-

timate the MAP at the level of the externa auditory
meatus because the circle of Willis will be positioned
above the brachial artery. Assuming a 0.77-mm Hg
decrease for every centimeter gradient®1® and an
approximate vertical distance of 30 cm between the
external auditory meatus level and the brachia artery
level, 60 mm Hg of MAP at the external auditory
meatus level corresponds to 83 mm Hg of MAP at the
brachia artery level. According to this study, MAP
less than 83 mm Hg at the brachia artery level may
compromise cerebral perfusion in some patients dur-
ing the sitting position.

The outcomes of our study would be helpful in
developing guidelines for intraoperative management
of shoulder surgery in the sitting position. To prevent
the occurrence of cerebral ischemia, it would be de-
sirable for patients undergoing shoulder arthroscopic
surgery in the beach-chair position combined with
hypotensive anesthesia to undergo continuous blood
pressure monitoring at the external auditory meatus
level or cerebral oxygenation by use of NIRS. How-
ever, these monitoring devices further require more
preoperative preparation and add to the total cost of
the surgical procedure. In addition, radial artery can-
nulation is reported to be associated with complications
including severe hand ischemia (0.09%), pseudoaneu-
rysm (0.09%), and hematoma (14.4%).2° Therefore we
recommend that only patients at high risk for cere-
bral ischemia, such as those with previous cerebral
ischemic disease or cardiovascular disease, should
be monitored with these monitoring devices. In
particular, NIRS may be of more use in patients
with dysfunction of cerebral autoregulation such as
uncontrolled hypertension. In patients having no
risk factors for cerebral ischemia, blood pressure
could be measured with the cuff on the arm, and it
may be ideal to maintain MAP at more than 80 mm
Hg to guarantee sufficient cerebral perfusion pres-
sure, according to our results. The measurement of
blood pressure on the leg is undesirable because the
vertical distance between the brain and the leg is so
great that it is difficult to estimate cerebral perfu-
sion pressure.?! |t has been suggested that decreased
rSO, values during surgery were significantly re-
lated to postoperative neurologic dysfunction.®.22.23
On the other hand, there is no consensus on the
degree of rSO, reduction from baseline that should
be considered as cerebral desaturation because pre-
vious studies were carried out under different con-
ditions, including type of anesthesia and surgery. In
our study there was no postoperative neurologic
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dysfunction, although a 20% decrease in rSO, from
the baseline value occurred.

This study has some limitations. First, the measure-
ment of cerebral oxygenation with NIRS reflects re-
gional cerebral oxygenation rather than a global mea-
sure. Pollard et al.5 tried to validate the use of NIRS
for monitoring cerebral oxygenation. In their report,
when Paco, and body position changed, the rSO,
value and calculated global brain hemoglobin satura-
tion were not as well correlated.1” However, because
jugular venous bulb oxygen saturation, which was
used to calculate global brain hemoglobin oxygen
saturation, was influenced by the change in Paco, and
body position, it may not be the correct method of
validation for rSO,. The assessment of cognitive func-
tion with the MMSE is the second limitation of our
study because this test does not completely evaluate
cognitive function.2* There are other cognitive screen-
ing tests that cover a broad range of cognitive func-
tions. However, they have major disadvantages of
lengthy administration time and complex administra-
tion guidelines. Therefore the MMSE, which com-
bines high validity and reliability with brevity and
ease of application, was used for evaluating cognitive
function.25 Third, our study was confined to patients
who underwent surgery under general anesthesia. Be-
cause regiona anesthesiaiis also used for patients under-
going shoulder arthroscopic surgery in the beach-chair
position,* further study on this issue with patients under
regional anesthesiais required.

CONCLUSIONS

The beach-chair position combined with induced
hypotension significantly decreases rSO, in patients
undergoing shoulder arthroscopic surgery under gen-
eral anesthesia.

REFERENCES

1. Peruto CM, Ciccotti MG, Cohen SB. Shoulder arthroscopy
positioning: Lateral decubitus versus beach chair. Arthroscopy
2009;25:891-896.

2. Pohl A, Cullen DJ. Cerebral ischemia during shoulder surgery
in the upright position: A case series. J Clin Anesth 2005;17:
463-469.

3. Bhatti MT, Enneking FK. Visua loss and ophthalmoplegia
after shoulder surgery. Anesth Analg 2003;96:899-902.

4. Morrison DS, Schaefer RK, Friedman RL. The relationship
between subacromial space pressure, blood pressure, and vi-
sua clarity during arthroscopic subacromial decompression.
Arthroscopy 1995;11:557-560.

5. Pollard V, Prough DS, DeMelo AE, et a. Validation in vol-
unteers of a near-infrared spectroscope for monitoring brain
oxygenation in vivo. Anesth Analg 1996;82:269-277.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

J. H. LEE ET AL.

. Edmonds HL. Multi-modality neurophysiologic monitoring

for cardiac surgery. Heart Surg Forum 2002;5:225-228.

. Fischer GW, Torrillo TM, Weiner MM, Rosenblatt MA. The

use of cerebral oximetry as a monitor of the adequacy of
cerebral perfusion in a patient undergoing shoulder surgery in
the beach chair position. Pain Pract 2009;9:304-307.

. Petrozza PH. Induced hypotension. Int Anesthesiol Clin 1990;

28:223-229.

. Casati A, Fanelli G, Pietropaoli P, et a. Continuous monitor-

ing of cerebral oxygen saturation in elderly patients undergo-
ing major abdomina surgery minimizes brain exposure to
potential hypoxia. Anesth Analg 2005;101:740-747, table of
contents.

Casati A, Aldegheri G, Vinciguerra E, et a. Randomized
comparison between sevoflurane anaesthesia and unilateral
spinal anaesthesia in elderly patients undergoing orthopaedic
surgery. Eur J Anaesthesiol 2003;20:640-646.

Schroeder RA, Barbeito A, Bar-Yosef A, Mark JB. Cardio-
vascular monitoring. In: Miller RD, ed. Miller’s anesthesia. Ed
7. Philadelphia: Churchill Livingstone, 2010;1267-1328.
Murkin JM, Adams SJ, Novick RJ, et al. Monitoring brain
oxygen saturation during coronary bypass surgery: A random-
ized, prospective study. Anesth Analg 2007;104:51-58.

Casati A, Fanelli G, Pietropaoli P, et al. Monitoring cerebral
oxygen saturation in elderly patients undergoing genera ab-
dominal surgery: A prospective cohort study. Eur J Anaesthe-
siol 2007;24:59-65.

Fuchs G, Schwarz G, Kulier A, Litscher G. The influence of
positioning on spectroscopic measurements of brain oxygen-
ation. J Neurosurg Anesthesiol 2000;12:75-80.

Shear T, Tobias JD. Cerebral oxygenation monitoring using
near infrared spectroscopy during controlled hypotension.
Paediatr Anaesth 2005;15:504-508.

Tobias JD. Cerebral oxygenation monitoring: Near-infrared
spectroscopy. Expert Rev Med Dev 2006;3:235-243.

Pollard V, Prough DS, DeMelo AE, et a. The influence of
carbon dioxide and body position on near-infrared spectro-
scopic assessment of cerebral hemoglobin oxygen saturation.
Anesth Analg 1996;82:278-287.

Sia S. Hypotensive technique and sitting position in shoulder
surgery. Anesth Analg 2003;97:1198 (letter).

Murphy GS, Szokol JW, Marymont JH, et a. Cerebral oxygen
desaturation events assessed by near-infrared spectroscopy
during shoulder arthroscopy in the beach char and lateral
decubitus positions. Anesth Analg 2010;111:496-505.
Brzezinski M, Luisetti T, London MJ. Radial artery cannula-
tion: A comprehensive review of recent anatomic and physi-
ologic investigations. Anesth Analg 2009;109:1763-1781.
Papadonikolakis A, Wiesler ER, Olympio MA, Poehling GG.
Avoiding catastrophic complications of stroke and death re-
lated to shoulder surgery in the sitting position. Arthroscopy
2008;24:481-482.

Yao F-SF, Tseng C-CA, Ho C-YA, Levin SK, lliner P. Cere-
bral oxygen desaturation is associated with early postoperative
neuropsychological dysfunction in patients undergoing cardiac
surgery. J Cardiothorac Vasc Anesth 2004;18:552-558.
Samra SK, Dy EA, Welch K, et a. Evaluation of a cerebral
oximeter as a monitor of cerebral ischemia during carotid
endarterectomy. Anesthesiology 2000;93:964-970.
DijkstraJB, Houx PJ, Jolles J. Cognition after major surgery in
the elderly: Test performance and complaints. Br J Anaesth
1999;82:867-874.

te Winkel-Witlox AC, Post MW, Visser-Melly M, Lindeman
E. Efficient screening of cognitive dysfunction in stroke pa-
tients: Comparison between the CAMCOG and the R-CAM-
COG, Mini Mental State Examination and Functiona Inde-
pendence Measure-cognition score. Disabil Rehabil 2008;30:
1386-1391.



	Effects of Beach-Chair Position and Induced Hypotension on Cerebral Oxygen Saturation in Patient ...
	Methods
	Statistical Methods

	Results
	Discussion
	Conclusions
	References


