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Background: During shoulder surgery, blood pressure is frequently measured at the ankle. Anesthetic complications 

may result when ankle blood pressure is higher than brachial blood pressure and anesthesiologists misinterpret ankle 

blood pressure as brachial blood pressure. Therefore, we investigated whether ankle blood pressure is significantly 

higher than brachial blood pressure before anesthesia induction, during induction, after tracheal intubation, before 

beach chair position, and in the beach chair position. 

Methods: Thirty patients requiring general anesthesia for shoulder surgery were included in this study. Ankle and 

brachial blood pressure were simultaneously measured before induction, during induction, after intubation, before 

beach chair position, and in the beach chair position. 

Results: Ankle blood pressure was higher than brachial blood pressure before induction, during induction, after 

intubation, before beach chair position, and in the beach chair position. Ankle-brachial blood pressure differences in 

the beach chair condition were much higher than in four other conditions. The correlation coefficient between mean 

ankle-brachial blood pressure differences before the beach chair position and mean ankle-brachial blood pressure 

differences in the beach chair position was 0.616. Brachial systolic blood pressure could be predicted by regression 

equations (R2 = 0.306-0.771). 

Conclusions: These results suggest that anesthesiologists should consider these ankle-brachial blood pressure 

differences when monitoring anesthesia in the beach chair position. (Korean J Anesthesiol 2012; 63: 515-520)

Key Words: Ankle blood pressure, Ankle-brachial blood pressure index, Beach chair position, Blood pressure, 
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Introduction

During shoulder surgery, ankle blood pressure is frequently 

used for monitoring anesthesia in place of brachial blood 

pressure, as the intravenous line in the unoperated arm or 

forearm is obstructed by the blood pressure cuff, and this 

can prevent the administration of intravenous anesthetics. In 

addition, because chest and brachial sphygmomanometer 

cuff is tightly compressed by safety belt in order to prevent 

patient’s fall from operating table, brachial blood pressure on 

some occasions cannot be reliably measured. In this situation, 

anesthesiologists measure ankle blood pressure using an 

automatic sphygmomanometer, when the patient’s physical 

status is graded as American Society of Anesthesiologists (ASA) 

I or II, and without the need for invasive arterial cannulation. 

In the case that ankle blood pressure can be used in monitoring 

anesthesia, if anesthesiologists know ankle-brachial blood 

pressure differences, anesthetics and antihypertensive drugs 

can be adequately administered to patients. A recent study has 

shown that inadequate blood pressure monitoring is associated 

with inadequate intraoperative blood transfusions, vasopressor 

infusions, and antihypertensive medication administration [1].

Some surgeons favor the beach-chair position for arthro-

scopic shoulder surgery. Advantages of the beach-chair 

position are that this position can avoid distortion of the intra-

articular anatomy and use the weight of the arm to distract 

the joint [2-4]. In the beach chair position, blood pressures are 

usually measured by ankle cuff, because the intravenous line is 

in the unoperated forearm and non-operative arm is fastened 

by belt. However, complications including stroke and brain 

death, loss of vision, and ophthalmoplegia have been reported 

in shoulder surgery of the beach-chair position [2,3,5,6]. It is 

known that such complications are presumed to be attributable 

to misinterpretation of the ankle-brachial blood pressure 

differences [4]. In shoulder operations performed in the beach-

chair position, anesthesiologists should not regard ankle blood 

pressure as equal to blood pressure measured at the heart level.

Although blood pressure and heart rate cannot completely 

assess the depth of anesthesia blood pressure can be used as 

an indicator of pain during full surgical anesthesia [7]; however, 

blood pressure and heart rate can vary for other reasons (for 

example, head up position, hypertension and dehydration). In 

the practice of anesthesia, anesthesiologists interpret increases 

in blood pressure as an indicator of the onset of pain if there 

are no another causes that increase the blood pressure [8,9]. 

Anesthetic complications may result if anesthesiologists misi n-

terpret ankle blood pressure as brachial blood pressure.

In this study, we investigated whether ankle blood pressure 

is significantly higher than brachial blood pressure before 

induction of anesthesia, during anesthetic induction, imme-

diately after tracheal intubation. Because there is no manuscript 

that statistically analyzed ankle-brachial blood pressure diffe-

rences in the beach-chair position, we investigate the ankle-

brachial blood pressure differences before beach chair position 

and in the beach chair position. 

Materials and Methods

Thirty-six patients (ASA physical status of I or II), who 

required general anesthesia for shoulder surgery, were included 

in this study. However, because brachial blood pressure was not 

reliably measured in 6 patients, these patients were withdrawn 

from the study. Therefore, data from 30 patients were used in 

the analyses (age [yr, 56.80 ± 9.58 (SD)], body weight [kg, 62.81 ± 

6.76], height [cm, 159.56 ± 9.58], body mass index [kg/m2, 24.61 

± 2.42], male [n=18], female [n=12]). This study was approved by 

the Medical Ethics Committee of our hospital and the patients 

after the study objectives were described prior to surgery. Ankle 

and brachial blood pressure were simultaneously measured with 

12 cm-wide cuffs using a Philips IntelliVue MP40 patient monitor 

(Phillips, Boeblingen, Germany) and a Philips SureSigns VM6 

monitor (Philips, Andover, MA, USA). 

Blood pressure and heart rate were measured in the following 

5 conditions [before induction condition (BIC), during induction 

condition (DIC), after intubation condition (AIC), before beach 

chair condition (BeBeach), and beach chair condition (Beach)]. 

After patients arrived in the operating room and before anesthetic 

induction, blood pressure and heart rate in the supine position 

were measured on the unoperated arm and the same side ankle 

to the unoperated arm (BIC = before induction condition). 

Following preoxygenation, anesthesia was induced with 4 mg/

kg thiopental and 0.1 μg/kg/min remifentanil by infusion. To 

facilitate orotracheal intubation, 0.8 mg/kg rocu ronium was 

administered. Anesthesia was maintained with sevoflurane 1.5-

2.0% in a 50% oxygen and remifentanil infusion, with positive 

pressure ventilation in a circle system. The administration of 

anesthetic agents was adjusted, while considering patient age 

and pain intensity. Blood pressure and heart rate were also 

measured in the supine position following administration of 

anesthetic induction agents (DIC = during induction condition). 

Blood pressure in the DIC was measured during anesthetic 

induction to assess the difference between ankle and brachial 

blood pressure in the anesthetic-induced decreased blood 

pressure state. Immediately after tracheal intubation, blood 

pressure and heart rate were again measured in the supine 

position (AIC = after intubation condition). Blood pressure 

in the AIC was measured to assess the ankle-brachial blood 

pressure difference in the increased blood pressure state due to 

intubation-induced pain.

After trachea was intubated and patient’s blood pressure was 
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stable, immediately before operating table was elevated, blood 

pressure and heart rate in the supine position were measured in 

the unoperated arm and ankle (BeBeach = before beach chair 

condition). In the beach chair position, the operating table 

was flexed approximately 45 degrees and the patient sat with 

approximately 45 degrees head up and both stretched legs lay 

on an horizontal operating table. 

In the beach-chair position, blood pressure and heart rate 

were again measured in the unoperated arm and ankle (Beach 

= beach chair condition). When the position changed from 

the supine to the beach chair position, anesthetics and fluid 

infusion rate were not changed. Ankle and brachial blood 

pressures in the beach chair position were measured 3 times 

per patient (1 minute, 3 minute, 5 minute after the beach chair 

position) and average of 3 blood pressure values was calculated. 

An ankle-brachial blood pressure index (ABI) is the ratio of 

the ankle to brachial systolic blood pressure. The ABI < 0.90 

indicates the presence of peripheral arterial disease [10]. We 

investigated the number of patients with an ABI < 0.90 prior 

to induction. In addition, we investigated the number of the 

patients with an ABI < 1 before induction, indicating that ankle 

systolic blood pressure was lower than the brachial systolic 

blood pressure.

To obtain the sample size, we use mean ± SD of SBP baseline 

in reference [11] and a clinically significant difference is 

considered to be 20%. The required sample size for having an 

80% power (ie, β = 0.2) at α = 0.05 can be obtained by normal 

approximation as n = (Zα + Zβ)
2σ2 / (ε - δ)2 ≈ 30 [12]. When we 

consider 10% drop rate, the sample size needed is 34. Statistical 

analysis was performed with PASW Statistics 18 (Predictive 

Analytics Software; SPSS Inc., Chicago, Illinois, USA). Ankle 

blood pressure was compared to brachial blood pressure using 

the paired t-test before the induction of anesthesia, during 

anesthetic induction, immediately after tracheal intubation, 

before the beach position, and in the beach chair position. 

Ankle-brachial blood pressure differences were compared 

among these 5 conditions using repeated measures ANOVA. 

Correlation coefficient was calculated using a correlation 

analysis and a regression equation was acquired from the 

regression analysis. All results were considered significant at a 

threshold of P < 0.05.

Results 

Ankle blood pressure was compared to brachial blood 

pressure using paired t-test in the 30 patients in the five study 

conditions (BIC, DIC, AIC, BeBeach, and Beach) (Table 1). 

There were significant systolic and mean ankle-brachial blood 

pressure differences in the 5 conditions. Diastolic ankle blood 

pressures were significantly higher than diastolic brachial blood 

pressures only in the Beach position, while diastolic ankle-

brachial blood pressure differences were not significantly 

different in the 4 other conditions except for the Beach.

SABBPD (systolic ankle-brachial blood pressure difference 

= systolic blood pressure in ankle - systolic blood pressure in 

brachium) in 30 patients was significantly different among the 

5 study conditions according to repeated measures ANOVA 

(F value = 9.91.70, P < 0.001) (Table 1 and Fig. 1). When the 

Bonferroni correction was used for multiple comparisons, 

the SABBPD was significantly higher in the Beach (33.97 ± 

Table 1. Ankle Blood Pressure Compared to Brachial Blood Pressure at Several Time Points and Positions (N = 30)

Brachial NIBP
(mmHg)

Ankle NIBP
(mmHg)

ABBPD
(mmHg)

P value

BIC SBP
              DBP
     MBP
DIC  SBP
 DBP
 MBP
AIC  SBP
 DBP
 MBP
BeBeach  SBP
 DBP
 MBP
Beach  SBP
 DBP
 MBP

129.50 ± 15.90
79.07 ± 11.61
95.88 ± 11.64

108.23 ± 16.26
74.33 ± 13.51
86.63 ± 13.97

163.07 ± 21.57
104.07 ± 17.69
123.73 ± 18.26
107.20 ± 22.67

73.20 ± 14.64
84.53 ± 16.42
99.57 ± 17.97
66.73 ± 15.45
77.56 ± 15.66

151.83 ± 20.29
78.63 ± 9.38

103.03 ± 11.36
126.83 ± 19.13

74.00 ± 13.09
91.61 ± 13.83

185.53 ± 27.29
101.03 ± 16.74
129.20 ± 18.50
127.77 ± 19.42

74.73 ± 13.37
92.41 ± 14.88

133.77 ± 17.31
84.73 ± 11.77

101.08 ± 13.13

22.33 ± 12.11
-0.43 ± 8.39

7.16 ± 7.47
18.60 ± 12.35
-0.33 ± 7.48

5.98 ± 7.73
22.47 ± 15.87
-3.03 ± 9.29

5.47 ± 9.39
20.57 ± 12.00

1.53 ± 10.54
7.88 ± 9.16

33.97 ± 10.67
18.00 ± 8.36
23.32 ± 7.52

P < 0.001
P = 0.779
P < 0.001
P < 0.001
P = 0.809
P < 0.001
P < 0.001
P = 0.084
P = 0.003
P < 0.001
P = 0.432
P < 0.001
P < 0.001
P < 0.001
P < 0.001

Data = mean ± SD. NIBP: noninvasive blood-pressure monitoring, BIC: before induction condition, DIC: during induction condition, AIC: after 
intubation condition, BeBeach: before beach chair condition, Beach: beach chair condition, SBP: systolic blood pressure, DBP: diastolic blood 
pressure, MBP: mean blood pressure, ABBPD: ankle-brachial blood pressure difference. 
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10.67) than in the 4 other conditions (Beach vs. BIC, P = 0.003; 

Beach vs. DIC, P < 0.001; Beach vs. AIC, P = 0.036; Beach vs. 

BeBeach, P < 0.001). MABBPD (mean ankle-brachial blood 

pressure difference = mean blood pressure in ankle - mean 

blood pressure in brachium) in 30 patients was significantly 

different among the 5 study conditions according to repeated 

measures ANOVA (F value = 39.79, P < 0.001) (Table 1). When 

the Bonferroni correction was used for multiple comparisons, 

the MABBPD was significantly higher in the Beach (23.32 ± 7.52) 

than in the 4 other conditions (Beach vs. BIC, P < 0.001; Beach 

vs. DIC, P < 0.001; Beach vs. AIC, P < 0.001; Beach vs. BeBeach, 

P < 0.001). 

Heart rate (beats/min) was not significantly different between 

the BeBeach (82.53 ± 14.50) and Beach (80.03 ± 14.09).

The correlation coefficient (r) between the MABBPD in the 

BeBeach and the MABBPD in the Beach was 0.616 (P < 0.001, 

Fig. 2) in 30 patients. This result indicates that the mean ankle-

brachial blood pressure differences in the BeBeach could 

predict the mean ankle-brachial blood pressure differences 

in the Beach. A regression equation was acquired from the 

regression analysis (Table 2). In the event that brachial systolic 

blood pressure cannot be measured in the BeBeach and Beach, 

brachial systolic blood pressure could be inferred from ankle 

systolic blood pressure using the regression equations described 

in Table 2. If the SABBPD and MABBPD were measured in the 

BeBeach, the SABBPD and MABBPD in the Beach could be 

inferred from the regression equations described in Table 2.

There was no patient with an ABI < 0.90 in the BIC, and 

the number of patients with an ABI < 1 was 2 in the BIC. The 

correlation coefficient (r) between the ABIs in the BeBeach 

and the ABIs in the Beach was determined using a correlation 

analysis. The r between the ABIs in the BeBeach and the ABIs in 

Fig. 1. Systolic ankle-brachial blood pressure differences among 
the 5 study conditions in 30 patients. The SABBPD (systolic ankle-
brachial blood pressure difference = systolic blood pressure in ankle 
- systolic blood pressure in brachium) is significantly higher in 
the Beach (33.97 ± 10.67) than in the 4 other conditions (Beach vs. 
BIC, P = 0.003; Beach vs. DIC, P < 0.001; Beach vs. AIC, P = 0.036; 
Beach vs. BeBeach, P < 0.001). Also, the SABBPD is significantly 
higher in the BIC than in the DIC (P = 0.023). BIC: before induction 
condition, DIC: during induction condition, AIC: after intubation 
condition, BeBeach: before beach chair condition, Beach: beach 
chair condition. Triangles are means and whiskers are SDs. 

Fig. 2. The correlation between the MABBPD in the BeBeach and 
the MABBPD in the Beach. MABBPD (mean ankle-brachial blood 
pressure difference) = mean blood pressure in ankle - mean blood 
pressure in brachium. BeBeach: before beach chair condition, 
Beach: beach chair condition, r: correlation coefficient.

Table 2. Regression Equations Acquired from Regression Analysis in the BeBeach and Beach 

Regression equation R2 F value, P value

Brachial SBP in BeBeach = -19.31 + 0.99 ankle SBP in BeBeach
Brachial MBP in BeBeach = -19.31 + 0.99 ankle MBP in BeBeach
Brachial SBP in Beach = -13.77 + 0.85 ankle SBP in Beach 
Brachial DBP in Beach = -27.21 + 1.11 ankle DBP in Beach 
Brachial MBP in Beach = -28.11 + 1.05 ankle MBP in Beach 
Brachial SABBPD in Beach = 23.89 + 0.49 SABBPD in BeBeach 
Brachial MABBPD in Beach = 19.34 + 0.51 MABBPD in BeBeach

0.720
0.694
0.669
0.714
0.771
0.306
0.380

F (1,28) = 71.88, P < 0.001
F (1,28) = 63.50, P < 0.001
F (1,28) = 56.47, P < 0.001
F (1,28) = 69.93, P < 0.001
F (1,28) = 94.35, P < 0.001
F (1,28) = 12.33, P = 0.002
F (1,28) = 17.14, P < 0.001

SBP: systolic blood pressure, DBP: diastolic blood pressure, MBP: mean blood pressure, BeBeach: before beach chair condition, Beach: beach 
chair condition, R2: coefficient of determination. SABBPD (systolic ankle-brachial blood pressure difference) = systolic blood pressure in ankle 
- systolic blood pressure in brachium, MABBPD (mean ankle-brachial blood pressure difference) = mean blood pressure in ankle - mean 
blood pressure in brachium.
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the Beach was 0.834 (P < 0.001). This indicates that if the systolic 

ankle blood pressure is higher than systolic brachial blood 

pressure in the BeBeach, systolic ankle blood pressure will be 

higher than systolic brachial blood pressure in the Beach. 

Discussion

In the present study, ankle blood pressure was higher than 

brachial blood pressure before the induction of anesthesia, 

during anesthetic induction, and immediately after tracheal 

intu bation. 

Also, ankle-brachial blood pressure differences measured in 

the beach chair position were significantly higher than ankle-

brachial blood pressure differences measured immediately 

before the beach chair position. These results suggest that 

brachial blood pressure should be measured in the beach chair 

position. If it is not possible to measure brachial blood pressure 

before the beach chair position or in the beach chair position, 

brachial blood pressure could be inferred using the regression 

equations of the present study (Table 2). 

In the situation that the ankle blood pressure is higher than 

brachial blood pressure, if anesthesiologists regard ankle blood 

pressure as equal to blood pressure measured at the heart 

level, they would increase anesthetic agent concentrations 

in order to decrease ankle blood pressure. If brachial blood 

pressure is lower even though ankle blood pressure measured 

higher, and if brain blood pressure falls below the lower limit of 

autoregulation, misinterpretation of the ankle blood pressure 

measurement might result in cerebral ischemia and several 

anesthetic complications. Deep general anesthesia can depress 

brain function, and postoperative cognitive dysfunction could 

persist for several months in elderly patients subjected to 

deep general anesthesia [13,14]. In order to reduce anesthetic 

complications due to deep anesthesia, anesthesiologists should 

consider the ankle-brachial blood pressure difference when 

monitoring anesthesia using ankle blood pressure.

In the beach chair position, anesthesia-related compli-

cations, including spinal and cerebral ischemia and death 

are more common than in any other positions [3,15,16]. In 

the previous case that the left shoulder replacement surgery 

was performed in the beach chair position and a noninvasive 

blood pressure cuff was placed on the calf, brain death was 

reported. In that case report, the calf blood pressure was not 

compared with the left arm blood pressure [3]. Also, no arterial 

catheter during anesthesia was placed although deliberately 

induced hypotension was used. The calf blood pressure in that 

case report was continuously decreased to 50/25 mmHg. It is 

known that the magnitude of the gradient is approximately 2 

mmHg per inch of height differential (0.77 mmHg decrease for 

every centimeter gradient) [3,17,18]. If height between brain 

and calf were approximately 45 cm in that case report, brain 

blood pressure might be lower by approximately 34.65 (0.77 

× 45) mmHg than the calf blood pressure. At that instant that 

the calf blood pressure was 50/25 mmHg, brain systolic blood 

pressure might be approximately 15.35 (50 minus 34.65) mmHg 

that indicates severely compromised cerebral perfusion. This 

severely compromised brain systolic blood pressure might 

result in irreversible brain death.

In the beach chair position, anesthesiologists must take 

care to ensure an adequate cerebral perfusion [17]. Although 

auto regulation normally maintains a constant cerebral 

blood flow between mean arterial pressure 50 mmHg and 

150 mmHg, cerebral blood flow can be compromised below 

a critical cerebral perfusion pressure that indicates lower 

autoregulatory limit. In the beach chair position, the blood 

pressure at the ankle is significantly higher than at the head or 

arm. In the sitting position, there exists a significant hydrostatic 

gradient between the brain and the site of blood pressure 

measurement. In the present study in which the cuff was 

placed on the patient’s brachium and ankle, height between 

brain and brachium was approximately 23 cm in 150 cm tall 

female or 30 cm in 178 cm tall male. Therefore, brain blood 

pressure might be lower by approximately 18 (0.77 × 23) or 23 

(0.77 × 30) mmHg than brachial blood pressure. Also, because 

height between brachium and ankle in the present study was 

approximately 28 cm in 150 cm tall female or 30 cm in 178 cm 

tall male, it is predicted that brachial blood pressure will be 

lower by approximately 22 (0.77 × 28) or 23 (0.77 × 30) mmHg 

than ankle blood pressure. These calculated values (22 or 23 

mmHg) were similar to the ankle-brachial difference of mean 

blood pressure of the present study in the beach chair position 

(23.32 ± 7.52, Table 1), although these values were different to 

the ankle-brachial blood difference of systolic blood pressure 

(33.97 ± 10.67 mmHg). The brachial mean blood pressure was 

lower by approximately 23 mmHg than ankle mean blood 

pressure in the beach chair position. On considering these facts, 

a mean arterial pressure of 70 mmHg measured at the ankle 

might result in unacceptably low cerebral perfusion pressures 

[17]. 

When arthroscopic shoulder surgery was done in the beach 

chair position, anesthesiologist must consider invasive arterial 

blood pressure monitoring with the transducer at the level of 

the external meatus. Also, anesthesiologist must consider the 

risks associated with invasive blood pressure monitoring [19]. If 

patients have significant risk factors for cerebrovascular disease, 

invasive arterial blood pressure monitoring would be needed. 

If arthroscopic shoulder surgery is performed in patients 

without significant risk factors for cerebrovascular disease, 

brachial blood pressures should be measured in the operations 

of shoulder and upper extremity even if the intravenous line is 
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in the unoperated upper extremity. If brachial blood pressures 

are measured, anesthetic complications that can occur during 

shoulder surgery in the beach chair position might be prevented.

In the event that brachial systolic blood pressure cannot be 

measured in the beach chair position, brachial systolic blood 

pressure could be inferred from ankle systolic blood pressure 

using the regression equations described in Table 2. 

1. If brachial systolic blood pressure cannot be measured in 

the beach chair position, and if ankle systolic blood pressure is 

135 mmHg in the beach chair position, it may be predicted that 

the brachial systolic blood pressure in the beach chair position 

will be approximately 100.98 mmHg (Brachial SBP in Beach 

= -13.77 + 0.85 ankle SBP in Beach = -13.77 + 0.85 × 135 = 

100.98). 

2. Brachial systolic blood pressure in the beach chair position 

may be predicted if the SABBPD is measured before the beach 

chair position. If the SABBPD before the beach chair position 

is 20, and if ankle systolic blood pressure is 134 mmHg in the 

beach chair position, then the brachial systolic blood pressure 

in the beach chair position will be approximately 100.31 (134 

minus 33.69) mmHg (Brachial SABBPD in Beach = 23.89 + 0.49 

SABBPD in BeBeach = 23.89 + 0.49 × 20= 33.69).

In conclusion, ankle blood pressure was significantly higher 

than brachial blood pressure before induction of anesthesia, 

during anesthetic induction, immediately after tracheal 

intubation, before the beach chair position, and in the beach 

chair position. These results suggest that anesthesiologists 

should consider these ankle-brachial blood pressure differences 

in monitoring anesthesia in the beach chair position. 
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