
Review of Literature 

Effect of Beach Chair Position on Regional Brain Oxygenation - Many clinical trials have assessed changes 
in regional brain oxygenation values during beach chair position and the results are compiled in Table 2. Some 
studies have documented that the threshold value for detection of pathological brain oxygenation, or a cerebral 
desaturation event, is a decrease in regional brain oxygenation values of 15%–20%. These percentages are 
associated with a relatively high sensitivity (80% 100%) and specificity (82%–96%) in detecting cerebral 
ischemia.2-4 Some studies showed a clear relationship between regional brain oxygenation and beach chair 
position. For example, Songy et all found a linear decline in regional brain oxygenation as beach chair position 
was changed from 0º to 80º.5 The risk of neurologic injury is related not only to the severity of cerebral 
hypoperfusion, but also to the duration of these events.6 Other studies.7, 8, 9, 10 did not find a significant relationship 
between regional brain oxygenation and beach chair position. 

Relationship between Hypotension, CBF, Jugular Venous Oxygenation, and Cerebral Autoregulation in 
Beach Chair Position - Jugular venous oxygen is a surrogate for balance between cerebral blood flow and 
cerebral oxygen consumption. Saturation values < 50% are indicative of hypoperfusion and saturation 
values < 40% are indicative of ischemia. Type of anesthetic may affect jugular venous oxygen saturation in beach
chair position. Jeong et al.11 found that a decrease in jugular venous bulb oxygen saturation was greater with a 
TIVA  anesthetic (23% decrease) versus an inhalational anesthetic (11% decrease) which suggests a greater 
margin of safety with inhalational agents against impaired cerebral oxygenation. When it comes to BP, 
Hypotension (below a MAP of 60) is below the brain’s autoregulation curve and it can no longer dilate any further 
to improve blood flow. Some studies have found significant associations between hypotension and cerebral 
desaturation events. For example, Kocaoglu et al. found a correlation between hypotension and cerebral 
desaturation events in their study.13 There have also been studies that assess the relationship between CBF and patient positioning; the results support a 
correlation between CBF and positioning. More specifically, McCulloch et al. determined that changing from supine position to sitting position resulted in a 
decrease in MAP of 47% (measured at the level of the brain) and a reduction in middle cerebral artery blood velocity of 22%.14 Studies using transcranial 
Doppler documented a consistent reduction in MCA blood velocity after beach chair position was assumed. Buget et al. calculated CBF with transcranial 
Doppler of ICA and vertebral arteries. After sitting position, CBF (mL/min) decreased from 756 to 586.15 Prolonged reductions in CBF in beach chair position 
may induce brain ischemia and neurologic injury.16 Additionally, moving from supine position to beach chair position under GA may result in impairment of 
cerebral autoregulation further causing ischemia and neurologic injury.16

Use of Regional Anesthesia with Sedation and Neurocognitive Outcomes After Surgery in Beach Chair Position - Aguirre et al. compared 
neurological assessments of patients who underwent GA vs. regional anesthesia and found  patients in the general anesthesia group had impaired 
neurocognitive scores. Also, an association between cerebral desaturation events and worsened scores was noted.17 They also found no decreases in 
intraoperative regional brain oxygenation or postop neural scores in patients who underwent shoulder surgery with regional anesthesia. Higher ETCO2 levels 
occur in the sedated patient compared to a patient under GA who is typically hyperventilated which potentially results in increased CBF and regional oxygen 
values.6 However, another study found no association between intraoperative desaturations and postoperative neuro assessments.18 When it comes to the 
cardiovascular system, cardiovascular consequences of placing a patient in beach chair position are attenuated by regional anesthesia.6 Ozzeybek et 
al. found that MAP decreased significantly in those given a combined anesthetic (interscalene block plus sedation), whereas no change in blood pressure 
was noted in those with an interscalene plexus block alone.12 In another study by Koh et al. that examined hemodynamic parameters and regional brain 
oxygenation, both MAP and regional brain oxygenation values were higher and incidence of desaturation events were lower in the regional cohort.22

Treatment Strategies to Maintain Cerebral Perfusion in Beach Chair Position - Preventing hyperventilation has been proven beneficial for CPP in 
several studies. This is because CBF is proportional to PCO2. Murphy et al. found that an ETCO2 between 40-42 mmHg improved brain oxygenation 
compared to an ETCO2 between 30-32 mmHg.6 Cerebral desaturations were also lower in the 40-42 mmHg cohort. However, it should be noted that 
hypoventilation strategies can decrease blood flow in the setting of focal cerebral ischemia via intracerebral steal phenomenon.19 Reduction of BP and CO in 
patients undergoing shoulder surgery is thought to partly be caused by pooling of blood in the lower extremities so the application of intermittent compression 
devices can help correct this problem.6 Saline infusion prior to entering beach chair position has been found to be less effective than phenylephrine at 
preventing hypotension in beach chair position; however, regional brain oxygenation was 18% lower after assuming position in patients who received 
phenylephrine vs. 11% in patients who received NS.20 Phenylephrine and vasopressin attenuate hypotension by maintaining preload and increasing SVR, 
but may decrease CO and reduce regional brain oxygenation.15 However, MCA blood velocity was increased by 20% in beach chair position after 
pretreatment with phenylephrine compared to a decrease of 15% without pretreatment.15 Ephedrine, which maintains BP primarily via increased CO, 
effectively manages hypotension in beach chair position and maintains regional oxygenation values.21 

Anesthetic Considerations for Patients Undergoing Surgery in Beach Chair Position
Nicholas Simpson, SAA | Ramakrishna Gumidyala, MD | Karen Turner, CAA

University of Colorado – Denver | Anschutz Medical Campus
Department of Anesthesiology

References

1. Li X, Eichinger JK, Hartshorn T, Zhou H, Matzkin EG, Warner JP. A comparison of the lateral decubitus and beach-chair positions for shoulder surgery: advantages and 
complications. J Am Acad Orthop Surg. 2015;23:18–28.

2. Ritter JC, Green D, Slim H, Tiwari A, Brown J, Rashid H. The role of cerebral oximetry in combination with awake testing in patients undergoing carotid endarterectomy 
under local anaesthesia. Eur J Vasc Endovasc Surg. 2011;41:599–605.

3. Samra SK, Dy EA, Welch K, Dorje P, Zelenock GB, Stanley JC. Evaluation of a cerebral oximeter as a monitor of cerebral ischemia during carotid endarterectomy. 
Anesthesiology. 2000;93:964–970.

4. Moritz S, Kasprzak P, Arlt M, Taeger K, Metz C. Accuracy of cerebral monitoring in detecting cerebral ischemia during carotid endarterectomy: a comparison of 
transcranial Doppler sonography, near-infrared spectroscopy, stump pressure, and somatosensory evoked potentials. Anesthesiology. 2007;107:563–569.

5. Songy CE, Siegel ER, Stevens M, Wilkinson JT, Ahmadi S. The effect of the beach-chair position angle on cerebral oxygenation during shoulder surgery. J Shoulder 
Elbow Surg. 2017;26:1670–1675.

6. Murphy, Glenn S. MD; Greenberg, Steven B. MD; Szokol, Joseph W. MD Safety of Beach Chair Position Shoulder Surgery: A Review of the Current Literature, 
Anesthesia & Analgesia: July 2019 - Volume 129 - Issue 1 - p 101-118 doi: 10.1213/ANE.0000000000004133

7. Salazar et al1 5 assessed the incidence of cerebral desaturation events during beach chair position surgery in 51 consecutive surgical patients
8. Closhen D, Berres M, Werner C, Engelhard K, Schramm P. Influence of beach chair position on cerebral oxygen saturation: a comparison of INVOS and FORE-SIGHT 

cerebral oximeter. J Neurosurg Anesthesiol. 2013;25:414–419.
9. Tange K, Kinoshita H, Minonishi T, et al. Cerebral oxygenation in the beach chair position before and during general anesthesia. Minerva Anestesiol. 2010;76:485–

490.
10. Mori Y, Yamada M, Akahori T, et al. Cerebral oxygenation in the beach chair position before and during general anesthesia in patients with and without cardiovascular 

risk factors. J Clin Anesth. 2015;27:457–462.
11. Jeong H, Jeong S, Lim HJ, Lee J, Yoo KY. Cerebral oxygen saturation measured by near-infrared spectroscopy and jugular venous bulb oxygen saturation during 

arthroscopic shoulder surgery in beach chair position under sevoflurane-nitrous oxide or propofol-remifentanil anesthesia. Anesthesiology. 2012;116:1047–1056.

Conclusions
Despite the availability of trials and studies that have looked 
at the effects of beach chair positioning on cerebral 
physiology, more data needs to be collected in order to: 1. 
determine a standard parameter to define a cerebral 
desaturation event, 2. adequately demonstrate a correlation 
between hypotension, cerebral desaturation events, and 
adverse neurological events in patients undergoing surgery in 
beach chair position, and 3. determine the optimum method to 
treat hypotension intraoperatively in patients who are 
undergoing surgery in the beach chair position.

Although it may seem simple, determining a universal 
parameter for cerebral desaturation events is complicated by 
the NIRS technology. There is question as to whether NIRS 
devices can accurately detect significant reductions in brain 
oxygenation.6 Although NIRS suggest a decrease in brain 
oxygenation in beach chair position, interpretation of the 
results are hampered by the limitations of the device. Also, 
there are studies that contradict each other when determining 
whether there is a correlation between beach chair position 
and a decrease in brain oxygenation. Furthermore, an 
association between changes in BP, CO, and brain 
oxygenation and incidence of adverse neurological events has 
not been clearly demonstrated. Another reason why more 
data on this subject is needed is to determine optimum 
methods to treat intraoperative hypotension in patients 
undergoing surgery in beach chair positioning. The 
medications used intraoperatively to treat hypotension have 
variable effects on regional brain oxygenation values. It 
seems that using a pressor that maintains cardiac output such 
as ephedrine or using a combination of NS + phenylephrine 
infusions as pretreatment for hypotension caused by beach 
chair positioning is the best approach, but again, more data is 
needed to confirm this.

Introduction
Arthroscopic shoulder surgery is one of the most performed 
procedures in the US today. Approximately 2/3 of shoulder 
surgeries are conducted in beach chair position.39 Because of 
the benefits provided by beach chair position from a surgical 
standpoint, the popularity of this position has risen sharply 
among orthopedic surgeons. However, beach chair 
positioning does not come without drawbacks. These 
drawbacks include reductions in blood pressure and cardiac 
output, and cerebral perfusion. Severe neurological events 
have been reported in patients undergoing shoulder surgery in 
beach chair position. They are presumed to be caused by 
hypotension and subsequent cerebral hypoperfusion leading 
to neurological injuries; however, the exact etiology of these 
adverse events is uncertain. Studies have been conducted to 
demonstrate the relationship between patient positioning and 
blood pressure, cerebral perfusion, and neurological 
outcomes. 
Near-infrared 
spectroscopy is 
a useful tool to 
assess regional 
brain oxygenation 
for these studies; 
however, it does 
have many 
limitations shown 
in Table 1. There 
are also studies 
that looked at 
treatment 
strategies 
anesthetists can 
use to maintain 
cerebral 
perfusion in the beach chair position, which may impact 
outcomes. 

Table 1: Limitations of All Tools used to Collect Data in these 
Studies

Table 2: Study Results Assessing Changes in Regional  Brain 
Oxygenation vs. Beach Chair Position 
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