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Abstract
Background Patients undergoing arthroscopic shoulder
surgery in the beach chair position may be at increased risk
for serious neurocognitive complications as a result of
cerebral ischemia.
Questions/purposes We sought to define the (1) incidence; (2) timing; and (3) magnitude of intraoperative
cerebral desaturation events (CDEs) in subjects undergoing
arthroscopic shoulder surgery in the beach chair position,
as well as whether (4) the length of surgery was an independent risk factor for intraoperative CDEs.
Methods Regional cerebral tissue oxygen saturation
(rSO2) was monitored intraoperatively using near-infrared
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spectroscopy on 51 consecutive patients undergoing
arthroscopic shoulder surgery in the beach chair position.
Intraoperative decreases in rSO2 of 20% or greater were
defined as CDEs.
Results The incidence of intraoperative CDEs in our
series was 18% (nine of 51). Among the patients demonstrating CDE (n = 9), the mean time to onset of initial CDE
was 18 minutes 38 seconds postinduction. Of those experiencing CDEs, the mean maximal decrease in rSO2 was
32% from preoperative baseline per patient. Additionally,
the mean number of separate CDE instances was 1.89 in
this patient population with an average duration of 3
minutes 3 seconds per instance. There was no statistically
significant difference (p = 0.202) between patients demonstrating CDEs and those without in regard to length of
surgery (95 versus 88 minutes).
Conclusions The degree and duration of cerebral ischemia
required to produce neurocognitive dysfunction in this
patient population remains undefined; however, cerebral
oximetry with near-infrared spectroscopy allows prompt
identification and treatment of decreased cerebral perfusion.
We believe protocols aimed at detecting and reversing CDE
may improve patient safety.
Level of Evidence Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction
The beach chair position is commonly used for both
arthroscopic and open shoulder surgery. This technique
positions the shoulder in an anatomic upright position,
facilitating shoulder access and visualization [34]. The
beach chair position also provides improved airway access,
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diminished bleeding, and reduced risk of brachial plexus
injury [31].
Despite these advantages, there are multiple reports of
significant neurologic complications, including severe brain
damage and death [1, 7, 24, 26]. The definitive etiology of
these complications remains unclear, but is hypothesized to
occur secondary to cerebral ischemia [5, 9, 14, 17, 22–27, 30,
33, 34]. The upright position is associated with hypotension
leading to an increased risk of cerebral hypoperfusion [5, 9,
14, 17, 22, 32]. Reduction in cerebral perfusion pressure
below critical thresholds of duration and severity may result
in permanent neurologic injury [7, 24, 26, 27]. It has been
recommended that patients undergoing surgery in the beach
chair position be continuously monitored, and intraoperative
cerebral oxygenation optimized, to avoid potential neurologic complication [14, 17, 22, 23, 34].
Near-infrared spectroscopy (NIRS), a noninvasive
technique that allows continuous monitoring of cerebral
oxygenation, has been demonstrated to accurately recognize desaturation episodes that would remain undetected
with conventional intraoperative monitoring [2, 3, 5, 6, 11–
13, 15, 18, 20, 21, 23, 28, 30, 33]. The INVOS system
(Somanetics, Troy, MI, USA) is designed specifically to
measure oxygen levels in the blood of the brain in areas
underlying the sensor using two wavelengths, 730 and 810
nm, to measure changes in regional hemoglobin oxygen
saturation by differentiating the absorption spectra of
deoxygenated and oxygenated hemoglobin [20]. This US
Food and Drug Administration-approved technology is
extensively used in patient populations undergoing procedures at high risk for adverse neurologic outcomes such as
cardiac, vascular, transplant, and major abdominal surgery
[3, 20, 33]. Multiple small case series and case reports have
documented intraoperative cerebral desaturation episodes
and rare catastrophic neurocognitive complications from
shoulder surgery in the semiupright position [1, 5, 7, 9, 16,
22, 23, 26, 34].
The aim of this prospective observational study is to
investigate (1) the incidence; (2) timing; and (3) magnitude
of intraoperative cerebral desaturation events (CDEs) in
subjects undergoing arthroscopic shoulder surgery in the
beach chair position as well as to determine whether (4) the
length of surgery is an independent risk factor for CDEs.

Patients and Methods
After institutional review board approval, informed consent
was obtained from all subjects. Fifty-one consecutive
patients scheduled to undergo elective arthroscopic shoulder surgery in the beach chair position were enrolled. All
surgeries were performed at an outpatient ambulatory
surgical center from October 2010 to April 2011. Exclusion
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criteria included age younger than 18 years, documented
carotid stenosis (90% occlusion), prior neck surgery, cervical stenosis, cervical disc herniation, or a history of
stroke, transient ischemic attack, neurologic event, syncope, myocardial infarction, spinal cord injury, or sudden
vision loss. Patient demographic data, including age, sex,
height, weight, smoking, and preexisting medical conditions, were recorded and used for comparisons to determine
whether any of them were associated with CDEs.
A standardized anesthesia protocol was used in all
patients. An intravenous line was inserted in the preoperative holding area, and all patients were given midazolam
(2–6 mg intravenously) titrated to effect and placed on 2 L
of continuous oxygen through a simple facemask. After
cleansing the forehead with an alcohol wipe, two noninvasive NIRS sensors (INVOS 5100; Somanetics) were
applied bilaterally to the frontotemporal area with the
medial margin at the midline of the forehead and the lower
margin 1 cm above the eyebrow, thus avoiding the temporalis muscle. Frontal lobe oxygenation was monitored
continuously and recorded every 5 seconds. After 1 minute,
a preoperative regional cerebral tissue oxygen saturation
(rSO2) baseline was obtained and recorded for both
hemispheres. Once the cerebral saturation baseline was
established, an ultrasound-guided interscalene block using
30 mL of 0.5% bupivacaine was performed on the side
ipsilateral to the operative upper extremity.
Patients were then transported to the operating suite.
Bilateral sequential compression devices (AirCast VenaFlow; DJO Global, Vista, CA, USA) were applied to the
lower extremities and the patients were transferred to the
operating table (Ultra Shoulder; Mizuho OSI, Union City,
CA, USA). Intraoperative monitoring consisted of electrocardiography, automatic arterial blood pressure
assessment using a cuff placed on the nonoperative upper
extremity, pulse oximetry, capnography, axillary temperature measurement, and cerebral tissue oxygen saturation
through NIRS.
Anesthesia was induced with 2.5 to 3.0 mg/kg propofol.
The airway was secured and maintained using a laryngeal
mask airway. Maintenance of anesthesia consisted of
sevoflurane with nitrous oxide and a fraction of inspired
oxygen of 50%. For postoperative nausea and vomiting
prophylaxis, nondiabetic patients were given 4 mg dexamethasone after induction and 4 mg ondansetron was given
to all patients within 30 minutes of extubation. A lower
body forced-air warming device (Bair Hugger; Augustine
Medical, Minneapolis, MN, USA) was used to maintain
core temperature above 35.0° C.
The NIRS monitoring system was set to alarm with rSO2
decreases of 20% or greater from baseline. To avoid
cerebral vascular injury, all such cerebral desaturation
episodes were treated with a defined protocol that included
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ephedrine (5 mg), phenylephrine (80 ug), fluid bolus, and
returning the patient to a supine position as clinically
indicated. The type of intervention and the time for each
CDE were recorded. All surgeries were performed by a
single experienced surgeon (GM). The rSO2 levels were
measured continuously throughout the surgery and data
recorded digitally.

Results
The incidence of intraoperative CDE in our series was 18%
(nine of 51). Among the patients experiencing CDEs, the
mean time to onset of the initial CDE was 18 minutes 38
seconds postinduction, which transpired an average of 8
minutes 9 seconds after transitioning to the semiupright
position (Table 1). The mean number of independent
instances of intraoperative CDEs was 1.89 (range, 1–4) per
patient. The mean maximal desaturation in rSO2 from
preoperative baseline was 32% (range, 21%–63%) with
each desaturation event lasting an average of 3 minutes
3 seconds (range, 32 seconds to 8 minutes 3 seconds). This
data is presented individually for each of the nine subjects
in the CDE group in intraoperative regional perfusion
profiles (Fig. 1).
There was no difference between the non-CDE and
the CDE group in terms of the length of surgery (LOS)
(p = 0.2). The mean LOS in the non-CDE group was
87.7 minutes (range, 55–115 minutes) and 95.1 minutes
(range, 75–112 minutes) in the CDE group (Fig. 2).
With the numbers available, none of the nominal patient
variables demonstrated a statistically significant difference
between the desaturation group (n = 9) and the nondesaturation group (n = 42) (Table 2). The mean body mass
index (BMI) was greater among subjects who experienced
CDE than those who did not. The mean BMI of patients
who had a CDE was 37 kg/m2 (range, 24–49 kg/m2)
compared with 29 kg/m2 (range, 19–43 kg/m2) in those
who did not (mean difference 8.72, p \ 0.001). The odds
ratio for patients with a BMI of 34 kg/m2 or greater of
experiencing an intraoperative CDE was calculated to be
12.4. There was no difference in mean age between
patients who had a CDE and those who did not (53 versus
48, p = 0.25).

Discussion
Multiple case reports and series of patients undergoing surgery in the seated position have reported unanticipated
postoperative neurologic complications in previously
healthy patients with no known risk factors [24, 26, 27].
Beach chair positioning during surgical procedures has been
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implicated in cerebral hypoperfusion, leading to cerebral
ischemia [6, 23, 34]. These changes in cerebral perfusion
pressure are believed to be the major determinant of poor
neurological outcomes. Such reports have exposed the
potential need for heightened vigilance, alternative anesthesia techniques, and improved monitoring. The exact
etiology of the central nervous system injuries in this patient
population is incompletely understood and is likely multifactorial. Thus, the aim of this prospective observational
study was to investigate the incidence, timing, and magnitude of intraoperative CDEs as well as whether the length of
surgery was an independent risk factor for CDEs. The incidence of intraoperative CDEs in our series was 18% (nine of
51). Among the patients demonstrating CDE (n = 9), the
mean time to onset of initial CDE was 18 minutes 38 seconds
postinduction. Of those experiencing CDEs, the mean
maximal decrease in rSO2 was 32% from preoperative
baseline per patient. Additionally, the mean number of separate CDE instances was 1.89 in this patient population with
an average duration of 3 minutes 3 seconds per instance.
There was no statistically significant difference (p = 0.202)
between patients demonstrating CDEs and those without in
regard to length of surgery (95 versus 88 minutes).
One of the limitations of our study is the sample size.
The results may be underpowered for our outcome measures, which include patient risk factors and operative time.
Additionally, our exclusion criteria narrowed our patient
population and as such may have underrepresented the
incidence of CDE by omitting patients with certain medical
comorbidities. Because our study did not include invasive
blood pressure monitoring, we do not have accurate mean
arterial blood pressure data for the time points corresponding to patient CDEs.
The series is a prospective observation study; therefore
we do not have a control group consisting of patients
undergoing shoulder surgery in another position or patients
undergoing other types of surgery in the semiupright
position. This may affect the generalizability of our conclusions. However, in a prospective cohort study, Murphy
et al. found that there were sizeable and frequent episodes
of intraoperative cerebral desaturation in the seated position when compared with patients in the lateral decubitus
position (80% beach chair versus 0% lateral decubitus) in a
series of 124 patients undergoing elective arthroscopic
shoulder surgery under general anesthesia [23]. Despite
multiple case reports and small series of catastrophic
neurocognitive complications after elective arthroscopic
shoulder surgery, the clinical relevance of intraoperative
cerebral desaturation episodes is not well understood.[5, 6,
26, 34]. Thus, for this patient population, the severity and
duration of desaturation that causes cerebral ischemia and
the relationship with mean arterial blood pressure at the
level of the brain remain undefined.
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Table 1. Demographics, desaturation characteristics, and interventions for patients experiencing CDE
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Mean = 2 minutes
9.7 seconds per
CDE

CDE = cerebral desaturation event; DM = diabetes mellitus; Tob = patient is a current smoker; HTN = hypertension; CAD = coronary artery disease; OSA = obstructive sleep apnea; COPD =
chronic obstructive pulmonary disease; PVD = peripheral vascular disease; BMI = body mass index (calculated as weight in kg divided by height in meters squared); SAD = patient underwent a
subacromial decompression procedure; RCR = patient underwent a rotator cuff repair procedure; GTT = drip.
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The incidence of CDE in patients monitored with NIRS
undergoing elective shoulder surgery in the beach chair
position in the published literature is quite variable and
ranges from 8% to 80% [5, 7, 17, 23, 29, 34]. In our patient
series, the incidence of CDE was 18% (nine of 51).
Because cerebral oximetry values are affected by depth of
anesthesia, type of anesthetic administered, arterial carbon
dioxide concentration, inspired oxygen content, mean
arterial blood pressure, and operative position, there is no
consensus in the literature defining the optimal time point
at which to measure a patient’s baseline [14, 16, 22, 23].
The goal of our protocol was to establish a reference point
that most accurately represented the physiologic cerebral
saturation baseline unique to each subject. Thus, we
obtained our baseline rSO2 readings in the supine position
before intubation and positioning. In accordance with the
standard of practice at our institution, we defined a CDE as
a drop in rSO2 of 20% or greater from baseline for any
time period with subsequent episodes requiring a return
above that threshold before constituting an independent
CDE. This threshold is standard in the international literature and is based on the fact that in conscious patients, a
20% reduction in frontal lobe oxygenation is associated
with clinical manifestations of cerebral hypoperfusion such
as syncope [20, 30]. Additionally, 20% or greater reduction
in rSO2 during carotid clamping test is associated with a
20-fold increase in developing overt signs and symptoms
of cerebral ischemia during carotid endarterectomy [28].
Multiple studies have demonstrated substantial hemodynamic changes that occur both in the waking and
anesthetized patient when maneuvering from the supine to
seated position [8, 18, 34], including diminished cardiac
index, stroke volume, and arterial pressure [32]. Our
findings corroborate previous studies that have demonstrated considerable hemodynamic shift when transitioning
from the recumbent to the upright position. In our series,
six of the nine patients who experienced CDE met the
criteria within 6 minutes of being maneuvered into the
seated position (Table 1). Additionally, patient operative
perfusion profiles (Fig. 1) clearly demonstrate that the
majority of patient CDEs occur close to the initiation of the
operation. This data underscores the need for attentiveness
and accurate monitoring of cerebral perfusion when transitioning from the supine to the beach chair position,
especially in the early phase of surgery and in high-risk
patients.
The magnitude and duration of cerebral ischemia
required to produce neurocognitive dysfunction in this
patient population remains unidentified. In conscious
patients, a 20% reduction in frontal lobe oxygenation is
associated with clinical manifestations of cerebral hypoperfusion such as syncope [20, 30]. In our series, the
patients averaged 1.89 CDEs with a mean desaturation
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Fig. 1 This is a graphic representation of the intraoperative cerebral perfusion profile of the nine subjects who sustained CDEs. F = female;
M = male.

Fig. 2 This is a comparison of the mean operative time between the
group that experienced CDE and the group that did not.

from preoperative baseline of 32% with a minimum of 21%
and a maximum of 62%. It is likely that these desaturation
events would have been more frequent, of longer duration,
and more severe had we not identified them early and
implemented a predetermined intervention protocol.
Longer operative times have been associated with an
increased risk of intraoperative and postoperative complications [4, 10, 19]. We compared the operative times of the
patients who experienced CDE and those who did not and
found no statistically significant difference. Thus, for our
patient population, prolonged surgical time was not an
independent risk factor for CDE. We hypothesize that this
is true because, as our data shows, the majority of the
intraoperative CDEs occur during the first half of the
operation and as such, longer operative times would not
add increased risk of CDE.
In summary, reports of unanticipated cerebral ischemic
events in low-risk patients during shoulder surgery in the

Table 2. Statistical significance of risk factors and demographic characteristics between CDE and non-CDE groups
Group

Risk factor and demographic characteristics
Male

DM

Tob

HTN

CAD

OSA

COPD

LOS

Age
(years)

BMI
(kg/m2)

67.4% (29)

9.3% (4)

39.5% (17)

34.9% (15)

7.0% (3)

11.6% (5)

4.7% (2)

88 min

47.5

28.7

CDE (n = 9)

55.6% (5)

33.3% (3)

22.2% (2)

66.7% (6)

11.1% (1)

33.4% (3)

11.2% (1)

95 min

53.2

37.3

p value

0.70

0.09

0.46

0.13

0.54

0.13

0.44

0.2

0.25

0.0004*

Non-CDE
(n = 43)

* Statistically significant difference with p \ 0.05; trend toward statistical significance with p \ 0.1; CDE = cerebral desaturation event;
DM = diabetes mellitus; Tob = patient is a current smoker; HTN = hypertension; CAD = coronary artery disease; OSA = obstructive sleep apnea;
COPD = chronic obstructive pulmonary disease; LOS = mean length of surgery (in minutes); BMI = body mass index (calculated as weight
in kg divided by height in meters squared).
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beach chair position demonstrate that noninvasive arterial
blood pressure monitoring alone does not guarantee adequate cerebral perfusion. In our prospective series of 51
consecutive patients, 18% of subjects experienced intraoperative CDE. Cerebral oximetry with NIRS allows
prompt identification and treatment of cerebral hypoperfusion. The degree and duration of cerebral ischemia
required to produce neurocognitive dysfunction in this
patient population remains unidentified. Alternative patient
positions and anesthesia choices may help reduce intraoperative CDE. Additionally, we believe protocols aimed at
detecting and reversing CDE may improve patient safety
during arthroscopic shoulder surgery performed in the
beach chair position.
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