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Abstract

Background: Shoulder surgery is performed in the beach chair position
(BCP). The systemic arterial blood pressure (BP) must be increased to prevent
cerebral hypoperfusion. However, it is not clear how the cardiac function is
affected when BP increase to maintain cerebral perfusion pressure in anesthe-
tized patients. Methods: An analysis was performed using the data from 13
patients. We prepared a parallel circuit using a FloTrac Sensor transducer and
an arterial BP transducer. Following the transfer of the patient to the BCP
under general anesthesia, the FloTrac Sensor transducer was placed at the lev-
el of the fourth intercostal space, the arterial BP transducer was placed at the
external auditory meatus level. We selected two points before surgery (120 s
apart), during which the mean arterial BP (mABP) at the level of the brain
was stable and at which the values in the supine position and the BCP were
within 5 mmHg. Results: While the patients were in the supine position, the
mean mABP at the mid-axillary level was 65.7 mmHg. In the BCP, the mean
mABP was 66.5 mmHg at the external auditory meatus and 80.7 mmHg at the
fourth intercostal space. The cardiac index changed from 2.2 (supine position)
to 2.5 I/min/m?® (BCP). The stroke volume index was significantly increased
from 35.8 to 42.3 ml/m” (P = 0.003). The heart rate changed from 63.0 to 58.6
beats/min. The stroke volume variation was significantly decreased from
12.4% to 8.8% (P = 0.024). Conclusion: In order to ensure patient safety,
close attention should be paid to the systemic cardiovascular changes that oc-
cur when the BP is increased.
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1. Introduction

Arthroscopic or open shoulder surgeries are performed in the beach chair posi-
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tion (BCP) or the lateral decubitus position [1]. There is no evidence that one
position is superior to the other, and both have advantages and disadvantages
[1]. Surgical procedures involving a combination of the lateral decubitus posi-
tion and regional anesthesia are poorly tolerated, and regional anesthesia can be
associated with inopportune patient movement during surgery [1]. Regional or
general anesthesia may be utilized in conjunction with the BCP [1]; however,
under general anesthesia, the BCP is associated with an increased risk of neuro-
logical complications, including stroke, spinal cord ischemia, and transient loss
of vision [2] [3]. The pathophysiology of these events has not been completely
determined but it has been suggested to be related to cerebral or upper spinal
cord hypoperfusion due to improper blood pressure (BP) management [2] [3].
Thus, anesthesiologists supply oxygenated blood to the brain through various
interventions, including the regulation of the systemic arterial BP or end-tidal
carbon dioxide [3] [4] [5].

In a conscious human, postural changes directly influence the cardiac preload
and afterload [6]. Tilting the head up from the supine position has an immediate
affect on the perfusion of the brain; the grater the difference between the pres-
sure within the heart and the brain, the greater the impact on perfusion of the
brain [6]. Thus, when correcting the BP to maintain an adequate cerebral perfu-
sion pressure, one must account for the hydrostatic pressure gradient between
the brain and the site at which the BP is measured [6]. However, under normal
physiological conditions, the cerebral blood flow is kept at a constant level when
the mean arterial BP (mABP) is between 50 and 150 mmHg [7]. In conscious in-
dividuals, there is a significant increase in the mABP of the upper extremities af-
ter a change in posture from the supine position to the BCP [8] [9], while the
cerebral tissue oxygen saturation (SctO,), a noninvasive indicator of cerebral
perfusion, is unaffected by postural change [9] [10]. Moving into an upright po-
sition activates the sympathetic nervous system, resulting in an increase in the
systemic vascular resistance (SVR) and the systemic BP and a reduction in the
cardiac output (CO) [11]. In contrast, the upper extremity mABP and SctO,
values are significantly decreased when the position of an anesthetized patient is
changed to the BCP [8] [9] [10] [12]. It has been suggested that the hydrostatic
pressure gradient between the brain and the upper extremities plays a role in the
decrease in the brain BP that is observed when anesthetized patients are placed
into the BCP and that the SctO, value decreases due to cerebral hypoperfusion
[8] [9]. Based on this hypothesis, it is recommended that the BP be measured at
the brain level or corrected to the brain level from the site at which the BP is
measured when the patient is in the BCP [3] [4] [8] [10]. In line with this strate-
gy, the BP at the level of the heart is higher than the BP at the level of the brain.
General anesthesia causes a blunting of the baroreceptor responses (leading to
an attenuation of the increase in the SVR that is observed when a conscious in-
dividual rises from the supine position), while the BP at the level of the heart and

the CO are reduced [11]. However, it is not clear how the cardiac function is af-
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fected when the BP is increased to the level that is required to maintain cerebral
perfusion pressure in anesthetized patients in the BCP. Accordingly, we investi-
gated the changes in the cardiac index (CI), and stroke volume index (SVI) that
occur when a patient receiving the standard, recommended BP support, is

moved to the BCP from a supine position while under general anesthesia.

2. Materials and Methods

2.1. Anesthetic Management

The present study was approved by Gifu University Graduate School of Medi-
cine Ethics Committee (Gifu, Japan). The study was registered in the University
Hospital Medical Information Network in Japan (registration number: UMIN
000017158). Twenty-five consecutive patients enrolled in this study and pro-
vided written informed consent. All of the patients refrained from any oral in-
take or intravenous infusion for 10 h before the induction of anesthesia. General
anesthesia was induced with thiopental and remifentanil and maintained with
sevoflurane and remifentanil. The patients were mechanically ventilated at a rate
and tidal volume that maintained normocapnia (as measured by end-tidal cap-
nography). The depth of anesthesia was monitored with a Bispectral Index Mon-
itor (BIS) (Medtronic Minimally Invasive Therapies, Minneapolis, MN, USA)
and maintained within a BIS target range of 40 to 60. All of the patients were po-
sitioned in a 60° head-up position (BCP). The patient’s BP was managed using
standard clinical practices (intravenous ephedrine and phenylephrine, the ad-
justment of the anesthetic concentration, and the alteration of fluid load), and

was measured at the external auditory meatus level with the patient in the BCP.

2.2. The Measurement of Cardiac Function

We prepared a parallel circuit using a FloTrac Sensor transducer (Edwards Li-
fesciences, Irvine, CA, USA) and an arterial BP transducer. Following the induc-
tion of anesthesia, a 22-gauge cannula was placed into the non-surgical radial
artery and connected to the combination circuit. The patient data were extracted
from the FloTrac Sensor using an EV1000 monitor (software version 1.5) (Ed-
wards Lifesciences, Irvine, CA, USA), which estimates the CO, CI, stroke volume
(SV), SVI and stroke volume variation (SVV). Both transducers were placed at
the mid-axillary level while the patient was in the supine position. When the pa-
tient was shifted into the BCP, the FloTrac Sensor transducer was moved to the
level of the heart (the fourth intercostal space) for the continuous measurement
of the cardiac function and the mABP. The arterial BP transducer was placed at
the level of the external auditory meatus for the continuous measurement of the
mABP at the level of the brain.

2.3. Statistical Analysis

During the time between the induction of anesthesia and the start of surgery, we

selected two points (during 120 s) from the anesthetic record at which the mABP
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at the level of the brain was stable (within 5 mmHg) in both the supine position
and the BCP. The paired Student’s #test was used to compare the mABP values
measured at the level of the heart, as well as CI, SVI, and SVV recorded at these
two time points using Excel for Macintosh, version 14.6.0 (Microsoft Redmond,
WA, USA). P values of <0.05 were considered to indicate statistical significance.
We estimated that 25 patients would be needed because this study protocol was
within-subject design, power analysis statistical power as 80%, and based on our
previous anesthetic records in which BCP-related mABP elevation and standard
deviation (SD) of mABP change was 10 and 5 mmHg, respectively.

We performed an interim analysis at the half sample size of protocol design using
the Pocock method and set the p value to 0.029 (instead of 0.05) to avoid increasing

the chance of a type 1 error [13]. The data were expressed as the mean * SD.

3. Results

From May 2015 to March 2016, 22 consecutive patients undergoing shoulder
surgery in the BCP at Gifu University Hospital were enrolled in the present
study. Nine patients were excluded because of technical failures from the analy-
sis due to the following factors: hemodynamic instability (n = 4), failure of radial
artery cannulation (n = 2), transducer placement error (n = 2), and use of pro-
pofol for anesthetic maintenance (n = 1). Thus, the data of 13 patients were in-
cluded in the analysis. The characteristics of the patient are listed in Table 1.
The mean distance between the fourth intercostal space and the external audito-
ry meatus was 20.4 = 1.8 cm.

Following the induction of anesthesia, while the patients were in the supine
position, the mABP at the mid-axillary level was 65.7 + 7.4 mmHg. After reposi-
tioning the patients in the BCP, the mABP was 66.5 + 8.1 mmHg at the external
auditory meatus and 80.7 + 8.4 mmHg at the fourth intercostal space (Figure
1(a)). The mABP values recorded at the level of the heart while the patients were

Table 1. The characteristics of the patients in the present study (n = 13).

Variables
Age (years) 64.5+9.5
Male/Female 10/3
Height (cm) 162.5+ 8.5
Body weight (kg) 67.5+8.6
Distance between two transducers (cm) 204 +1.8
Hypertension (n) 6
Diabetes mellitus (n) 4
Others (n) CAD (1), CKD (1), HL (1), old Tb (1), RA(1)

The values indicate the mean + standard deviation. n, number of patients; distance between two transduc-
ers, distance between the forth intercostal level and the external auditory meatus level in the beach chair
position; CAD, coronary artery disease; CKD, chronic kidney disease; HL, hyperlipidemia; Tb, tuberculosis;
RA, rheumatoid arthritis.
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Figure 1. The hemodynamic values in the supine position and the beach chair position
(BCP) in patients receiving blood pressure support. In the BCP, the blood pressure was
maintained with reference to the mean arterial blood pressure (mABP) at the level of the
external auditory meatus. Two time points were selected (120 s apart) during which the
mABP at the level of the brain was stable and within 5 mmHg in the supine position and
the BCP before surgery. (a) The mABP at the level of the heart; (b) the cardiac index; (c)
the stroke volume index; and (d) the heart rate. Error bar chart values are expressed as the
mean * standard deviation. *P < 0.029 in comparison to the value in the supine position.
NS: not significant. White circles: non-hypertensive patients. Black circles: hypertensive

patients.

in the BCP were significantly higher than those recorded while patients were in
the supine position (2 < 0.0001). The position-related changes in the CI, SVI and
heart rate are shown in Figures 1(b)-(d), respectively. The CI changed from 2.2
1 0.4 to 2.5+ 0.5 1/min/m* (P = 0.13, Figure 1(b)) and while this value increased
in nine patients, it decreased in the other four. Overall, the SVI showed a signif-
icant increase from 35.8 + 4.8 to 42.3 £+ 7.8 ml/m* (P = 0.003, Figure 1(c)). The
SVI decreased in three patients and these patients also experienced a decreased
CL The heart rate changed from 63.0 £ 10.0 to 58.6 + 6.1 beats/min (P = 0.046,
Figure 1(d)). The SVV, which was 12.4% * 3.5% in the supine position, was sig-
nificantly decreased in the BCP (8.8% + 2.3%, P= 0.024).

4. Discussion

In the present study, we found that when the mABP at the brain level was kept
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the same in the supine position and the BCP, then the SVI increased leaving the
CI unaffected. Previous studies have reported that postural changes in anesthe-
tized patients result in cardiovascular changes as the patient’s head is elevated
from a supine position. The elevation of the head was shown to result in a de-
crease in the CI [14] [15] [16] and SVI [14] [16]. Many studies have reported
that the mABP recorded at the level of the heart decreases as patients are shifted
to the BCP [8] [10] [14] [15]. However, the changes that occur in these parame-
ters after the postural change and the increase of the BP are unknown. Similarly
to previous reports, it was hypothesized that the mABP recorded at the level of
the heart, as well as the CI, and SVI would decrease in our patients following a
shift to the BCP. It was hypothesized that both the CI and the SVI (especially the
SVI) would increase after the BP was increased in the BCP in comparison to the
values measured in the BCP when the BP was not increased. However, the
changes in the CI, SVI and heart rate showed various patterns in the present
study. The main cause of this discrepancy is the various methods that were used
to increase the BP. Furthermore, various methods are used to increase the BP in
the clinical setting and these methods exert varying degrees of influence on the
systemic circulation, including the parameters that were reported in the present
study. In any case, we need to pay attention to the changes in the cardiac func-
tion and to manage patients according to their individual conditions.

The present study is associated with several limitations, namely the small
sample size and the various methods that were applied to increase the BP. It is
very difficult to keep the mABP at the level of the brain the same in both the su-
pine position and the BCP. Thus, we could not collect a sufficient number of pa-
tients and could not use a single method to increase the BP in all patients. Our
study protocol was designed to make comparisons within individuals. We calcu-
lated that a study population of 25 would be needed. Because the statistical pow-
er was 80%, a difference in mABP of 10 mmHg was considered to be clinically
relevant, and the SD in the change in the mABP (between before and after the
change in position) was 5 mmHg. We performed an interim analysis using the
Pocock method with a study population that was half the size of that in the pro-
tocol and set the p value at 0.029 instead of 0.05 in order to avoid increasing the
chance of a type 1 error [13]. The methods that we used to increase the BP have
been utilized in previous studies [9] [17]. However, these methods have different
effects on the cardiac function. Further studies should be performed to investi-
gate the effects of each of these methods on the cardiac function in the BCP and
methods for increasing the BP should be selected according to their effects on
the cardiac function.

The BCP is associated with rare but severe neurological complications [2] [3].
The cause of neurological complications in the BCP is cerebral desaturation due
to the gravitational effects of the elevation of the head [6] [8] [9]. The
non-invasive measurement of the mABP in the upper extremity will overesti-
mate the mABP in the brain. In the present study, the distance between the brain
and the heart was approximately 21 cm. The mABP at the level of the brain was
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approximately 67 mmHg. It was calculated that the mABP at the level of the
brain would decrease by 0.77 mmHg for each 1 cm in head elevation with a
heart-level mABP of approximately 82 mmHg. This calculated value was the
same as the value that was directly recorded in the radial artery in our study
(approximately 81 mmHg). In a conscious, healthy individuals, the cerebral
blood flow is maintained at a constant level of between 50 (recently 70 has been
proposed) and 150 mmHg, despite changes in the cerebral perfusion pressure
[11] [18]. Reports indicate that cerebral autoregulation is unaffected by general
anesthesia [18]. In our patient population, the mABP at the level of the brain was
between 54 and 87 mmHg and safe mABP levels could be maintained.

5. Conclusion

In conclusion, it is important to maintain the cerebral blood flow when a patient
is in the BCP. However, to ensure patient safety, close attention should be paid
to the systemic cardiovascular changes that occur in each patient when the BP is
increased. Further studies are needed to determine optimal method for main-
taining the BP that avoids both cerebral desaturation and the over-loading to the
heart in anesthetized patients in the BCP.
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