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Background Hypotension and cerebral hypoperfusion, commonly encountered in 
beach-chair position under general anesthesia, carry the risk of neurologic complica-
tions. There is a paucity of data on monitoring cerebral perfusion. Our objective was to 
compare the mean arterial pressure (MAP) and middle cerebral artery velocity (Vmca) 
in the supine and beach-chair position and estimate its correlation during hypotension.
Materials and Methods Twenty ASA class I and II patients undergoing elective 
shoulder surgery in beach-chair position were included in the study. MAP was mea-
sured invasively with the pressure transducer leveled to the phlebostatic axis. Vmca 
was measured with a 2 MHz transcranial Doppler (TCD) probe through the temporal 
window. Both MAP and Vmca were measured at baseline after anesthetic induction in 
the supine position (BL), on assuming the beach-chair position (AP), at steady-state 
hemodynamics in beach-chair position (P1), whenever there was a drop in MAP > 20% 
(P2), and on the restoration of MAP (P3).
Results A mean decrease in MAP and Vmca by 24.76% and 27.96%, respectively, from 
supine to beach-chair position with a significant linear correlation between MAP and 
Vmca along with a Pearsons' coefficient of 0.77 was seen. A change in MAP of 1 mm of 
Hg resulted in a change in Vmca by 0.53 cm/sec (p < 0.05).
Conclusion A significant decrease in MAP and Vmca was observed in the beach-chair 
position. TCD could be used as a point-of-care noninvasive technique to reliably assess 
cerebral perfusion.
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Introduction
Shoulder surgeries are commonly performed in beach-chair 
positions because of better surgical access to both the 

anterior and posterior parts of the shoulder region, lesser 
arm traction, and a decreased risk of brachial plexus 
injury.1,2 Systemic hypotension and the resultant cere-
bral hypoperfusion are significant hemodynamic changes 
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observed in the beach-chair position.3-5 The effects of an 
upright posture combined with the effects of general anes-
thesia exacerbate cerebral hypoperfusion and can potentially 
lead to cerebral ischemia.

Although the brain can effectively autoregulate its flow 
and perfusion within a range of mean arterial pressure 
(MAP) between 50 and 150 mm Hg, it may not be the same 
for all individuals. Since the cerebral perfusion pressure (CPP) 
depends on the MAP, it is imperative to maintain an adequate 
perfusion pressure at the level of the major cerebral vessels 
(circle of Willis) to maintain good cerebral perfusion.6

One of the noninvasive methods of measuring cerebral 
blood flow is transcranial Doppler (TCD). The middle cere-
bral artery (MCA) blood flow velocity (Vmca measured by 
TCD) can be used as a surrogate to estimate cerebral blood 
flow (CBF).7,8 To our knowledge, there is a paucity of data in 
the Indian population on the effect of beach-chair position on 
cerebral perfusion, as assessed by the Vmca. We hypothesized 
that there will be a decrease in the MAP in the beach-chair 
position and an associated decrease in the Vmca. The pri-
mary objective of our study was to compare the correlation 
between MAP and Vmca in the supine and beach-chair posi-
tion in patients undergoing shoulder surgery and to see if the 
correlation was maintained during episodes of hypotension. 
The secondary objective was to determine if restoration of 
the MAP to baseline would restore the CBF, as assessed by 
the Vmca.

Materials and Methods
This is a prospective observational study done in a tertiary 
care center after approval by the institutional review board 
and ethics committee (IRB Min No:9136 [OBSERVE] dated 
June 2015).

A total of 20 American Society of Anaesthesiologists (ASA) 
class 1 and 2 patients, between 18 and 70 years of age, sched-
uled for elective shoulder surgery in the beach-chair position 
were included in the study. All eligible patients were included 
in the study after a detailed explanation of the conduct of 
the study by the principal investigator, and written informed 
consent was obtained. The exclusion criteria included patient 
refusal, ASA III and above, vascular and valvular heart disease, 
history of cerebrovascular events or traumatic brain injury, 
patients who are on psychoactive drugs and antiepileptics, 
sepsis, and pregnancy.

All eligible patients underwent a thorough pre-anesthetic 
assessment by the primary investigator the day before sur-
gery. Standard fasting guidelines were followed. Reflux 
prophylaxis with omeprazole 20 mg and anxiolytic premed-
ication with Diazepam 0.1 mg/kg were administered orally 
2 hours before the procedure, as per the standard protocol.

On arrival at the holding bay, the patients were reviewed 
by the attending anesthesiologist before transfer to the the-
ater. In the operating room, standard ASA monitoring was 
established with a SaO2, 3 lead ECG, and noninvasive blood 
pressure (NIBP). An intravenous (IV) access was secured, and 
the radial artery was cannulated under local anesthesia for 

the accurate beat-to-beat measurement of MAP on the side 
opposite to the site of surgery, and the arterial pressure 
transducer was leveled to the phlebostatic axis in the supine 
position.

All the patients received balanced anesthesia with stan-
dard anesthetic protocol—fentanyl 2 mcg/kg, propofol 2 to 
3 mg/kg, vecuronium 0.1 mg/kg for muscle relaxation, and 
the trachea was intubated with an appropriate-sized endotra-
cheal tube. Mechanical ventilation was initiated with a tidal 
volume of 6 to 8 mL/kg, and anesthesia was maintained with 
isoflurane (minimum alveolar concentration [MAC] of 0.8–
0.9) and FiO2 of 50% (air:oxygen). End-tidal carbon-dioxide 
(EtCO2) was maintained between 30 to 35 mm Hg as per 
the study protocol. The temperature was monitored using 
an oropharyngeal temperature probe, and normothermia 
was maintained with a forced warm air blanket. Blood pres-
sure was maintained within the 20% range in all patients. 
Intraoperatively, hypotension was defined as a decrease in 
the MAP of more than 20% of the pre-induction value and was 
treated with IV vasopressors (phenylephrine 50–100 mcg 
boluses or ephedrine 5 mg boluses) or fluid administration 
with balanced salt solution/normal saline/Ringer’s lactate, as 
per the discretion of the attending anesthesiologist.

A TCD 2 MHz probe, SonoSite MicroMAXX (SonoSite, 
Inc. Bothell, WA, USA) was used to measure Vmca through 
the temporal window, on the side opposite to the shoulder 
being operated. All recordings were recorded by the principal 
investigator. The patient was positioned in the beach-chair 
position, with the head and neck in the neutral position 
and the torso at 45 degrees. The arterial transducer was 
positioned at the phlebostatic axis. As per our routine prac-
tice, the accompanying hypotension was treated with fluid 
boluses and vasopressors. No regional anesthesia was given. 
The patients were extubated in the supine position following 
the surgery. The patients were followed-up for 48 hours to 
watch for any neurological complications such as a decrease 
in sensorium (assessed with Glasgow coma scale [GCS]), focal 
motor or sensory deficit, and other postoperative anesthetic 
complications.

Outcome Measures
All observations were recorded by the attending anesthe-
siologist from the multiparameter monitor (Intellivue MP 
50 Philips Health Care). The TCD was performed by the 
principal investigator. The variables recorded were MAP, 
Vmca, heart rate (HR), SaO2, EtCO2, and MAC. The outcome 
measures were recorded at baseline after induction of anes-
thesia and establishing stable ventilation and hemodynam-
ics in the supine position (BL), and soon after assuming the 
beach-chair position (AP). Once in the beach-chair position, 
the Vmca was measured at steady-state hemodynamics (P1), 
whenever there was a significant drop in blood pressure (P2), 
and thereafter on the restoration of hemodynamics (P3).

Statistical Analysis
Data was entered using EPI DATA software. Summary sta-
tistics were used for reporting demographic and clinical 
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characteristics. All categorical variables were reported using 
frequencies and percentages, and continuous variables were 
expressed in terms of mean ± standard deviation (SD) or 
median (interquartile range [IQR]). For statistical compari-
sons between the means, a t-test was used. The strength of 
association between MAP and Vmca was tested using the 
Pearson correlation. Differences were considered significant 
at p < 0.05. All the statistical analyses were performed using 
SPSS 25.0.

Results
We screened 26 patients for eligibility and enrolled 
22 consecutive eligible, consenting adults scheduled for elec-
tive shoulder surgery in the beach-chair position over 1 year. 
Two subjects were excluded from the analysis since complete 
data could not be acquired due to technical challenges.

The flowchart of the patients is presented in ►Fig. 1. The 
demographic characteristics of the remaining 20 subjects 
are presented in ►Table 1. The mean (SD) age of our patients 
was 37.7 (13.70). Out of a total of 20 patients, the majority 
were males (90%, n = 18) and belonged to ASA I (85%, n = 17). 
Two patients in ASA II had diabetes mellitus type 2, which 
was well-controlled on medications.

The percentage change in the MAP and Vmca soon after 
assuming the beach-chair position from the supine posi-
tion (supine—AP) is presented in ►Table  2. There was a 
mean decrease in MAP by 24.77% and a corresponding mean 
decrease in Vmca by 27.96%. This was within the clinically 
acceptable range of 20 to 30%. All patients required vaso-
pressors (phenylephrine was used in 18 patients and ephed-
rine in two patients) and fluid administration to maintain 
blood pressure during positioning. The beach-chair posi-
tion resulted in decreases in the MAP and corresponding 
decreases in Vmca in both groups. There was a negative cor-
relation between age and MAP, which was not statistically 
significant (r = – 0.26, p = 0.28). There was no correlation 
between age and Vmca.

The percentage decrease in MAP and Vmca was com-
pared between the three-time points P1, P2, and P3 which 
is demonstrated as a box plot in ►Fig. 2. Comparison of the 
mean change in MAP and change in Vmca between these time 
points (P1 – P2, P2 – P3) is depicted in ►Table 3 and does 

not show any statistically significant correlation between the 
two. However, a correlation analysis between the changes in 
MAP and Vmca at all time points showed a statistically sig-
nificant linear correlation between the two with a Pearsons' 
coefficient of 0.77 (►Fig. 3). This is demonstrated in ►Fig. 3. 
A change in the MAP of 1 mm of Hg resulted in a change in the 
Vmca value by at least 0.53 cm/sec, which was statistically 
significant (p < 0.001). None of our patients developed any 
neurological complications during the postoperative period.

Discussion
The results of our study showed that there was a mean 
decrease in MAP by 24.77% and a corresponding decrease 
in Vmca by 27.96% in the beach-chair position as compared 
with the supine position. For procedures on the shoulder, 
beach-chair position is preferred, as it has been proven to 
be associated with reduced risk of neurovascular trauma, 
better visualization, and ease of conversion to an open 
approach.1-3 However, there was a significant decrease in 
MAP in this position, which was related to the shift of blood 
induced by the upright posture and the alteration of the car-
diovascular reflexes under anesthesia due to the effect of 
anesthesia. Moreover, the physiological principles involved in 
the regulation of CBF such as the cerebral autoregulation and 
flow metabolism coupling are also altered under anesthesia, 
contributing to the reduction in CBF, which can potentially 
give rise to cerebral hypoperfusion and cerebral ischemia in 
susceptible patients or in those with compromised cerebral 
circulation.9

Fig. 1 Flowchart of the patients.

Table  1  Patient characteristics

Mean SD

Age 37.60 13.71

Weight (kg) 66.2 10.23

Height (cm) 167.4 7.86

BMI (kg/m2) 23.55 2.91

Patient characteristics n (%)

Gender Male 18 (90)

Female 2 (10)

ASA 1 17 (85%)

2 3 (15%)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body-
mass index; SD, standard deviation

Table  2  Decrease in Vmca and MAP on assuming beach-
chair position

Mean ± SD

Percentage decrease in MAP
(Supine—AP)

24.77 ± 9.8

Percentage decrease in Vmca
(Supine—AP)

27.96 ± 10.6

Abbreviations: MAP, mean arterial pressure; Vmca, middle cerebral 
artery flow velocity; SD, standard deviation.
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Although the incidence of perioperative stroke is 
approximately 1% in the general surgical population, brain 

MRI studies suggest that 1 in 10 elderly patients experience a 
subclinical perioperative stroke.10 There are multiple reports 
which have shown that neurological deficits do occur due 
to cerebral ischemia in the sitting and semi-sitting position 
in patients undergoing general anesthesia.4,5,11 This makes it 
important for us to monitor cerebral perfusion in patients 
under anesthesia in the beach-chair position.

Monitoring of the cerebral perfusion should be done in all 
patients at risk of developing cerebral ischemia. TCD mea-
sures the flow velocity in the basal cerebral arteries. Although 
Vmca is not a direct measure of CBF, changes in flow veloc-
ity generally correlate with changes in CBF, except in specific 
situations that can affect MCA diameter such as vasospasm, 
hypercapnia, migraine, and use of vasoactive agents. This 
makes it an ideal monitor to measure CBF.9 McCullough et al 
have shown that in anesthetized patients sitting at 45 degrees, 
there is a mean reduction of 22 ± 7% in Vmca as compared 
with those in the supine position, which is very similar to 
our results.12 Cerebral ischemia has been shown to occur 
during shoulder surgery in the upright position and this is 
more so in patients on antihypertensives.4,13 Our results have 
also shown that there is a significant correlation between the 
changes in Vmca and changes in the MAP, and that Vmca is 
a sensitive indicator of the changes in CBF induced by even 
transient hypotension.

This has also been shown by Newell et al.14 The percentage 
reduction in Vmca that would indicate cerebral ischemia has 
been studied extensively in carotid endarterectomy, and a 
reduction in the range of 50 to 60% has not only been consid-
ered as a sensitive indicator for detecting ischemic symptoms 
but has also been considered as the appropriate threshold for 
intervention.15

Near infrared spectroscopy (NIRS) is being used as a mon-
itor to measure cerebral function, and cerebral desaturations 
have been reported during shoulder surgeries.16,17 However, 
this is not a commonly available monitor and is not easily 
available in all centers.

Recently, there has been an increasing availability of 
point-of-care ultrasound devices, and with the need for rapid 

Table  3  Correlation between the change in Vmca with the 
change in MAP between P1, P2, and P2, P3

Mean ± SD Correlation

I I-Value

Decrease in MAP
(P1 – P2) (n = 20)

20.7 ± 8.87 0.14 0.55

Decrease in Vmca
(P1 – P2) (n = 20)

14.03 ± 8.02

Increase in MAP
(P2 – P3) (n = 20)

15.6 ± 12.60 0.02 0.95

Increase in Vmca
(P2 – P3) (n = 20)

11.05 ± 5.93

Mean change in MAP
(n = 40)

2.55 ± 21.29 0.77 < 0.001

Mean change in Vmca
(n = 40)

1.48 ± 14.48

Abbreviations: MAP, mean arterial pressure; Vmca, middle cerebral 
artery flow velocity; SD, standard deviation.
Note: For one unit change in MAP, the Vmca value significantly increased 
by 0.53 units (p < 0.001).

Fig. 3 Correlation analysis between the changes in mean arterial 
pressure (MAP) and middle cerebral artery flow velocity (Vmca) at 
all time points.

Fig. 2 Box plot showing the comparison of mean arterial pressure (MAP) and middle cerebral artery flow velocity (Vmca) over three time points. 
P1—baseline in the beach-chair position at steady state hemodynamics. P2–time of hypotension. P3–time of restoration of blood pressure.
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diagnosis of deteriorating neurologic patients, intensivists 
are being trained to perform point-of-care TCD at the bed-
side.18 The results of our study show that an ultrasound with 
a TCD probe can be used as a point-of-care monitor to mea-
sure CBF in vulnerable patients intraoperatively and must be 
used when there is a possibility of cerebral ischemia.

Limitations
There are several limitations to our study, which include a 
limited sample size. The posthoc power analysis of the study 
is only 50% and is probably due to the limited sample size.

Since we did not have the TCD machine with a specific 
head frame, we had to insonate intermittently and measure 
the velocities, which are subjective to change. The baseline 
velocities were measured only after anesthetizing and not in 
the awake state, and it was feasible to measure the veloci-
ties only on the contralateral side. Other indices such as 
pulsatility index and resistivity index were not measured. 
Monitoring the cerebral function using NIRS would have pro-
vided objective evidence of cerebral dysfunction, which may 
correlate with low-flow velocities.

Conclusion
Our finding suggests that there was a decrease in MAP, which 
corresponds to decreased Vmca on assuming the beach-chair 
position. There is also a strong correlation between the 
changes in blood pressure with the changes in Vmca. An 
ultrasound with a TCD probe could be used as a point-of-care 
to assess CBF where conventional TCD is unavailable and 
must be routinely used in perioperative care, where cere-
bral blood flow may be compromised as with the sitting or 
beach-chair position.
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