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Objective 

The aim of this prospective cohort study was to determine 
the incidence of cerebral desaturation events (CDEs) in 
the beach chair position (BCP) and compare this cohort to 
subjects undergoing shoulder surgery in the lateral decubitus 
position (LDP). In addition, the relationship between CDEs and 
early clinical recovery was examined.

Patients 
Data were collected on 124 patients undergoing elective 
shoulder arthroscopy in the BCP (61 subjects) or LDP 
(63 subjects). Exclusion criteria included preexisting 
cerebrovascular disease or orthostatic hypotension, 
age < 18 years,  ASA physical status IV or V.

Protocol 

Anesthetic management was standardized in all patients. 
Regional cerebral tissue oxygen saturation (SctO2) was 
quantified using near-infrared spectroscopy (FORE-SIGHT 
system). Baseline heart rate, mean arterial blood pressure, 
arterial oxygen saturation, and SctO2 were measured before 
patient positioning and then every 3 minutes for the 
duration of the surgical procedure. SctO2 values below a 
critical threshold (>20% decrease from baseline or absolute 
value <55% for >15 seconds) were defined as a CDE and 
treated using a predetermined protocol. The number of CDEs 
and types of intervention used to treat low SctO2 values were 
recorded. The association between intraoperative CDEs and 
impaired postoperative recovery was also assessed.

Results 

There were no differences between groups in age, weight, 
height, sex, preoperative hemoglobin values, preexisting 
medical conditions, or ASA physical status. Intraoperative 
hemodynamic variables did not differ between groups. 

SctO2 values were lower in the BCP group throughout the 
intraoperative period (P < 0.0001). The incidence of CDEs was 
higher in the BCP group (80.3% vs 0% LDP group), as was the 
median number of CDEs per subject (4, range 0–38 vs 0, range 
0–0 LDP group, all P < 0.0001). 

Among all study patients without interscalene blocks, a higher 
incidence of nausea (50.0% vs 6.7%, P = 0.0001) and vomiting 
(27.3% vs 3.3%, P = 0.011) was observed in subjects with 
intraoperative CDEs compared with subjects without CDEs.

Conclusions of the authors 

Patients undergoing shoulder surgery in the beach chair 
position may be at risk for cerebral hypoxia because of 
decreases in cerebral perfusion pressure (CPP). An association 
between intraoperative cerebral desaturation events and 
postoperative nausea and vomiting was also observed.

Key message 

Shoulder surgery in the beach chair position is associated with 
significant reductions in cerebral oxygenation. 

For patients undergoing shoulder surgery in the beach chair 
position, cerebral desaturation events were observed in 80.3% 
of subjects.

Intraoperative cerebral desaturation events were associated 
with a higher incidence of nausea and vomiting in the PACU.
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was not equally distributed between the BCP and LDP
groups and interscalene blocks can beneficially influence
recovery from anesthesia. Patient characteristics did not
differ between subjects with and without CDEs. Perioper-
ative management variables, including opioid dosing in the
operating room and PACU, also did not differ between
groups. A significantly higher incidence of nausea (50.0%
vs 6.7%, P � 0.0001) and vomiting (27.3% vs 3.3%, P �
0.011) was observed in subjects with intraoperative CDEs
compared with subjects with no CDE. All other recovery
landmarks (with the exception of Aldrete scores on PACU
admission) did not differ between groups.

To determine whether confounding variables may be
contributing to the nausea, age, sex, smoking status, hemo-
globin concentration, operative position, fentanyl dose,
end-tidal sevoflurane concentration, and the occurrence of
cerebral desaturation were compared between patients
who had not had regional anesthesia and did not become
nauseated and patients who had not had regional anesthe-
sia but did become nauseated. Variables identified in the
univariate analyses as having a value of P � 0.10 and
included in the initial multiple logistic regression analysis
as predictors of nausea were hemoglobin concentration,
operative position, and the occurrence of cerebral desatu-
ration. The only variable included in the final multiple
logistic regression model as a predictor of nausea was the
occurrence of cerebral desaturation (logit P � �2.639 �
2.639 � [0 � no desaturation, 1 � desaturation]; likelihood
ratio test statistic � 17.56, df � 1, P � 0.0001). The
sensitivity of the logistic model was 91.7%, whereas its
specificity was 56.0%.

DISCUSSION
Patients undergoing shoulder surgery in the BCP may be at
risk for cerebral hypoxia because of decreases in CPP. NIRS
technology, which provides information on the balance
between oxygen supply and demand in the frontal region
of the brain, has not been used previously to determine
changes in Scto2 in this patient population. Our results
indicate that CDEs, defined as a �20% decrease in Scto2

values from baseline measurements or an Scto2 value of
�55%, occurred frequently in patients having arthroscopic
surgery in the BCP. Despite the use of a protocol designed
to optimize CPP, CDEs were observed in 80.3% of subjects.
In contrast, no CDEs were noted in a similar cohort of
patients undergoing shoulder arthroscopy in the LDP. An
association between intraoperative CDEs and postopera-
tive nausea and vomiting was also observed.

Figure 5. Bispectral index (BIS) for the patients in the beach chair
position group and in the lateral decubitus position group. The data
are presented as mean � SD. There were no differences between
the groups at any time. The number of patients in the beach chair
position group increased from 57 at baseline to 59 at 6 minutes,
then decreased to 58 at 45 minutes after which it decreased
progressively over time to 49 at 1 hour and to 18 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Figure 6. Regional cerebral tissue oxygen saturation (SctO2) for the
patients in the beach chair position group and in the lateral
decubitus position group. The data are presented as mean � SD.
The solid horizontal line indicates the time during which the SctO2
values in the patients of the beach chair position group differed from
their baseline SctO2 values (3– 0 minutes, overall P � 0.05) whereas
the dotted horizontal line indicates the time during which the SctO2
values in the patients of the lateral decubitus position group differed
from their baseline SctO2 values (12– 0 minutes, overall P � 0.05).
The dashed horizontal line indicates the times during which the SctO2
values in the patients of the beach chair position group differed from
those in the lateral decubitus position group (3–90 minutes, overall
P � 0.05). The number of patients in the beach chair position group
decreased from 61 at baseline to 60 at 45 minutes and then
progressively over time to 51 at 1 hour and to 20 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Table 3. Primary Outcome Variables

Beach chair group Lateral group
Difference or median
difference (95% CI) P value

No. of patients 61 63 — —
Patients with cerebral desaturation events 49 (80.3%) 0 (0%) 80.3% (68.7%–88.4%) �0.0001
Interventions for SctO2 decreases 2 (0–11) 0 (0–0) 2 (2–3) �0.0001
Interventions for MAP decreases 1 (0–6) 0 (0–9) 0 (0–1) 0.008
Episodes SctO2 �55 0 (0–4) 0 (0–0) 0 (0–0) 0.003
Episodes �20% decrease SctO2 4 (0–38) 0 (0–0) 4 (2–5) �0.0001

CI � confidence interval; SctO2 � regional cerebral tissue oxygen saturation; MAP � mean arterial blood pressure.
Data are number of patients (%) or median (range).
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