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Abstract

:

The beach chair position (BCP) is widely used in shoulder surgery; however, it frequently leads to hypotension. Hypotension in BCP is prevalent among older patients who are at risk of secondary complications such as ischemic injuries. Therefore, this prospective study aimed to investigate the association and predictive value of frailty, as assessed by ultrasound-measured quadriceps depth and questionnaire, in patients aged ≥65 years undergoing elective shoulder surgery under general anesthesia. A multivariable logistic regression analysis was performed to identify independent risk factors for hypotension in BCP under general anesthesia. Receiver operating characteristic curves were constructed to assess the predictive values of various parameters. The results indicated that a quadriceps depth < 2.3 cm and BCP for an extended period significantly increased the risk of hypotension. The combined consideration of quadriceps depth < 2.3 cm and frailty demonstrated markedly superior predictive power compared with each factor individually. In conclusion, the study findings facilitate the screening and identification of risk factors for older patients undergoing surgery in BCP, thereby enhancing perioperative management.
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1. Introduction


With the increase in the aging population, the prevalence of degenerative shoulder diseases has also been on the rise, contributing to the increasing number of shoulder surgeries among older individuals. For certain shoulder diseases, such as rotator cuff tears, rheumatoid arthritis, and proximal humeral fractures, surgical treatment is often preferred owing to its superior clinical outcomes [1]. Shoulder surgery is commonly conducted with the patient in the beach chair position (BCP). The major advantages of this position include enhanced access to the shoulder joint, minimized bleeding, and a better intra-articular anatomical view [2,3]. However, moving a surgical patient from the supine position to BCP under general anesthesia can lead to hypotension, which may cause serious complications, such as cerebral desaturation, hypotensive ischemia, and neurologic injuries [4,5]. The prevalence of hypotension following the change in position to BCP reaches as high as 50%, making it a major concern for anesthesiologists [4]. Furthermore, hypotension in BCP tends to occur more frequently in older patients, for whom recovering from the adverse effects of hypotension can be more challenging and may be associated with potentially fatal outcomes [3].



Frailty, which is defined as a diminished ability to recover from a physiologically stressful event, is a reported risk factor for perioperative complications in older patients [6]. We recently reported that frailty is associated with the incidence of intraoperative hypotension in older patients undergoing non-cardiac surgeries [7,8]. Therefore, it is reasonable to consider frailty as a risk factor for hypotension in older patients undergoing shoulder surgery in BCP, although the evidence regarding the association between hypotension and frailty is insufficient.



Recent studies have attempted to expand the assessment tools for frailty by incorporating questionnaire-based evaluations and imaging findings, such as quadriceps depth and cross-sectional area of the rectus femoris measured by ultrasound and cross-sectional area of the psoas muscle measured by computed tomography [8,9]. Ultrasound is widely available, easy to use, and safe as it uses nonionizing radiation. We hypothesized that hypotension in BCP would be more prevalent among frail patients and could be identified using screening tools, such as ultrasound and questionnaire assessment. Therefore, we conducted a prospective observational study to investigate the association between frailty, as assessed using a questionnaire and ultrasonographical measurement of quadriceps depth, and hypotension induced by BCP under general anesthesia and to compare their predictive power in detecting hypotension in BCP.




2. Materials and Methods


2.1. Study Population


Patients aged ≥65 years who underwent elective reverse total shoulder arthroplasty (RTSA) in BCP under general anesthesia were enrolled. Patients with arrhythmias, pulmonary hypertension, implanted pacemakers, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, or preoperative hypotension (blood pressure < 65 mmHg) were excluded from the study.




2.2. Anesthetic Procedure


All patients received a single-shot interscalene brachial plexus block (ISB), administered by an experienced anesthesiologist (H.J.L.) for postoperative pain control and supplemental intraoperative analgesia. The injection was administered upon arrival in the operating room before the initiation of general anesthesia. Midazolam (3 mg) and fentanyl (50 μg) were used for sedation prior to ISB, and 12 mL of 0.5% ropivacaine with 5 mg dexamethasone was injected under ultrasound-guidance. General anesthesia was induced using glycopyrrolate (0.2 mg), propofol (2 mg × kg−1), fentanyl (1–2 μg × kg−1), and rocuronium (0.6 mg × kg−1), followed by tracheal intubation. Anesthesia was maintained using 50% oxygen in air and desflurane, with a bispectral index of 40–60, and titrated based on the hemodynamic response of the patient. Invasive arterial blood pressure was measured by radial arterial cannulation of the non-operative arm, with the pressure transducer zeroed at the external auditory meatus. The patients were positioned with the back portion of the table angled at 40–45°, with the hip and knee flexed, and remained in this position throughout the operation. All operations were performed by the same senior surgeon. At our hospital, all antihypertensive drugs except diuretics are administered with a sip of water on the day of the operation.




2.3. Hypotension in BCP


Hypotension was defined as a mean blood pressure < 65 mmHg, or 20% below the baseline pressure. Such types of hypotension have previously been associated with adverse postoperative outcomes, such as acute kidney injury and myocardial infarction [10,11]. The incidence of hypotension during the first 20 min of BCP was recorded. Patients were categorized into two groups according to the development of hypotension in the relevant time frame; those who experienced hypotension after adopting BCP were classified as the hypotension group, and the remainder as the non-hypotension group. If hypotension occurred after induction of general anesthesia, appropriate medication or fluid loading were administered to normalize blood pressure before changing the position to BCP. The hypotension induced by BCP was treated with 5 mg ephedrine, a fluid bolus, or both, at the discretion of the attending anesthesiologist.




2.4. Measurements


2.4.1. Frailty: Reported Edmonton Frail Scale (REFS)


The REFS conceptualizes aging as the accrual of deficits and regards frailty as a multidimensional risk state that can be quantified by the number of deficits rather than as a single characteristic or health problem [12]. The REFS examines nine domains: cognition, health status, functional dependence, social support, medication, nutrition, mood, continence, and functional performance. Each positive response within a domain has a score of 1 or 2 points, which are added to obtain the maximum REFS score (17 for non-hip operations and 18 for hip operations).



Higher scores denote greater frailty. We defined “non-frail” as a score ≤ 5, “prefrail” as a score of 6–7, and “frail” as a score ≥ 8. REFS scores were measured preoperatively at the presurgical center, on the day before or day of surgery.




2.4.2. Ultrasound Image Acquisition and Measurement of Quadriceps Depth


Two-dimensional ultrasound images of the quadriceps muscle were obtained with the patients in the supine position, with 30° upper body elevation and legs extended. The measurements were taken at the 60% mark along the length from the anterior superior iliac spine to the superior border of the patella. In ultrasonography, following the identification of the muscle tissue, quadriceps depth was determined by measuring the distance between the femur’s cortex and the outermost muscular fascia (Figure 1). Three consecutive images of the right and left legs were acquired for each patient using a Sonosite X-porte ultrasound system (FUJIFIML Sonosite, Bothell, WA, USA) and a curved-array transducer with 5–2-MHz bandwidths and were then averaged. This assessment was performed as the initial step upon the patient’s admission to the operating room. All images were acquired, and all measurements were performed by the same trained and certified sonographer, who was blinded to the patient’s frailty status. In an effort to standardize mass composition across body types (e.g., variations in muscle ratio between men and women or differences in muscle quantity between obese patients with high versus low muscle mass), values were indexed by dividing with the body surface area (BSA) and body mass index (BMI) for normalization [9]. We adopted a cut-off value of <2.3 cm for the quadriceps depth based on a previous study to discriminate between frail and non-frail patients [9].





2.5. Statistical Analysis


The primary outcome was the prediction of hypotension following position change to BCP, based on frailty evaluation using both “REFS score” and “quadriceps depth measurement by ultrasound.” Based on previous studies, an area under the curve (AUC) defined as the predictive ability of ultrasound-measured quadriceps depth to detect hypotension was assumed to be 0.8, and the probability of being frail in the group receiving RTSA was assumed to be 19.9% [9]. Thus, the calculated sample size was 45 patients (α = 0.05, power = 80%), and accounting for a dropout rate of 10% required 50 patients. Continuous variables were analyzed using the Mann–Whitney U test or Student’s t-test after assessing the normality and are presented as means (standard deviation) or medians (interquartile range), as appropriate. Univariate analyses were first performed to explore the associations between variables of interest and the occurrence of hypotension in BCP under general anesthesia. Subsequently, a forward stepwise multivariable logistic regression analysis was conducted to identify the independent risk factors for hypotension in BCP under general anesthesia. All covariates with a p-value ≤ 0.2 in the univariable analysis were included in the multivariable logistic regression analysis. The results are expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Receiver operating characteristic curves were constructed to explore the sensitivity and specificity of each identified independent predictor for hypotension, and AUC values were calculated. Statistical significance was set at p < 0.05. All statistical analyses were performed using IBM SPSS Statistics (ver. 26.0; IBM Corp., Armonk, NY, USA).





3. Results


3.1. Study Population


We enrolled 50 patients aged ≥65 years who were scheduled to undergo RTSA. Among them, 4 patients were excluded because 3 patients had their surgery canceled and 1 patient withdrew informed consent, resulting in 46 patients being finally enrolled. The median age of the participants was 72.5 years. Patients were categorized into non-frail, prefrail, or frail groups based on the REFS scores.




3.2. Clinical Characteristics of Patients Experiencing BCP-Induced Hypotension


BCP-induced hypotension occurred in 67.4% of patients, including 61.3% of non-frail, 71.4% of prefrail, and 87.5% of frail patients (p = 0.462). Additionally, there were no occurrences of long-term complications, such as delirium, ischemic disease, or postoperative cognitive dysfunction, during post-surgery hospitalization. The directly measured quadriceps depth exhibited a significant difference according to the frailty status: 2.04 ± 0.57 (cm) in the non-frail group; 1.82 ± 0.41 (cm) in the prefrail group; and 1.56 ± 0.60 (cm) in the frail group (p = 0.041). This difference remained consistent even after normalization by BMI (p = 0.040). However, when normalized by BSA, this consistency was not observed (p = 0.093). The differences in characteristics between the hypotension and non-hypotension groups are shown in Table 1.




3.3. Risk Factors for Hypotension Induced by BCP


Univariate analysis revealed that female sex (reference: male), low quadriceps depth (quadriceps depth < 2.3 cm), duration of anesthesia, duration of surgery, and BCP were associated with hypotension in BCP (Table 2). In the multivariable logistic regression analysis, quadriceps depth < 2.3 cm was a strong risk factor for hypotension in BCP (OR, 8.491; 95% CI 1.389–51.897; p = 0.011; Table 2). In addition, the duration of BCP increased the odds of developing hypotension (OR, 1.343; 95% CI 1.102–1.734; p = 0.029; Table 2). As the duration of BCP was correlated with the duration of surgery, only the duration of BCP was included as a variable in the multivariate analysis. Results of the multicollinearity test yielded a variance inflation factor < 2.0 for variables in multivariate logistic regression analysis.




3.4. Predictors of Hypotension during BCP


We compared three factors as predictors of hypotension during BCP: quadriceps depth < 2.3 cm, which was reported as a significant imaging criterion for evaluating frailty; frail status based on questionnaire assessment (REFS) scores; and the combination of both factors. The predictive power of the combination of both factors was significantly higher than that of each factor alone (AUC [95% CI]; both, 0.734 [0.583–0.853]; quadriceps depth < 2.3 cm only, 0.630 [0.475–0.767]; REFS-based frail status only, 0.549 [0.395–0.696]) (Figure 2).





4. Discussion


This study demonstrated that clinically significant hypotension requiring pharmacologic intervention occurs frequently in approximately 67.4% of older patients undergoing RTSA in BCP under general anesthesia. Besides, hypotension was more commonly observed in frail patients, and frailty appeared to increase the risk of hypotension. A low quadriceps depth (<2.3 cm) was also associated with an increased risk of hypotension in BCP, especially when maintaining the position for an extended period in older patients. While a low quadriceps depth or frail status alone may not predict hypotension in BCP, combining both factors may help in predicting hypotension in BCP.



Severe ischemic brain or spinal cord injury, such as stroke, coma, and quadriplegia, has been reported to occur secondary to hypotension in patients undergoing shoulder surgery in BCP [4]. Although the incidence rate of neurological injury is numerically low [13], when it does occur, it is difficult to recover from such an injury. The prevalence of hypotension during general anesthesia in BCP is reportedly approximately 50% [14,15]. In this study, the incidence of hypotension was as high as 67.4% overall, with an incidence of 87.5% in frail patients. When considering a previous study that reported aging as a risk factor for hypotension induced by BCP, the increased incidence in our study compared to previous studies may be attributed to our study population, which targeted individuals aged ≥65 years [3].



Hypotension associated with BCP is mainly caused by a reduction in the cardiac preload during general anesthesia [16]. In the sitting position, venous pooling in the lower extremities decreases central blood volume [17]. Although blood pressure is restored through compensatory mechanisms, general anesthesia suppresses these actions, making the individual more vulnerable to low blood pressure. Hypotension in the BCP and orthostatic hypotension may share a similar triggering mechanism and engage the corresponding efferent reflex pathway [14]. Additionally, orthostatic hypotension has been reported to be poorly tolerated in frail patients [18,19,20]. Thus, several pathologies associated with frailty may contribute to the occurrence of hypotension in BCP [21,22]. First, frailty has been related to impaired autonomic cardiovascular control, which increases the prevalence of hypotension in BCP [23]. Moreover, age-related factors commonly observed in older patients, such as diminished α-1 adrenergic vasoconstrictor responses to sympathetic stimuli and heightened vascular stuffiness, pose challenges for frail older patients in maintaining their blood pressure in BCP. Second, decreased muscle mass may contribute to the development of hypotension in BCP owing to the impaired homeostatic ability to maintain blood pressure by effective venous return, which is exacerbated by general anesthetic agents [22,24]. Indirect support for this notion could be found in studies suggesting that low muscle mass may elevate the risk of developing orthostatic hypotension through mechanisms involving increased insulin resistance, inflammation, and arterial stiffness [25]. Additionally, the renin-angiotensin system is known to affect the skeletal muscle through complex biochemical pathways and impaired insulin resistance [26]. The fluctuations in blood pressure affect blood flow in muscle, proteins involved in muscle apoptosis, and the synthesis and degradation of biochemical mediators including extracellular matrix, connective tissue growth factor, transforming growth factor-beta, and Glut-4. The interactions of all these biochemical factors are significant in regulating muscle atrophy, muscle perfusion, and muscle fibrosis. This knowledge suggests a relationship, as indicated by our study results, where older patients with low muscle mass exhibited unstable blood pressure variations [26]. Furthermore, a recent study reported the impairment of muscle sympathetic nerve activity owing to reduced muscle mass, leading to orthostatic hypotension [27]. Although no specific criterion for muscle-mass reduction based on ultrasound evaluation has been established yet [28], we found that quadriceps depth < 2.3 cm increased the risk of hypotension in the upright position, indicating that muscle-mass reduction could increase the risk of hypotension in BCP. Third, inflammation, which is a well-known cause of frailty and potentially induced by muscle-mass reduction, could disrupt blood pressure regulation [22]. In our study, no patient had abnormally high levels of inflammation markers such as C-reactive protein, erythrocyte sedimentation rate, or procalcitonin. This may be because our study only included patients undergoing elective surgery. It is possible that surgery was postponed for patients with excessively high inflammation markers; thus, they were not included in our study population.



Although the incidence of hypotension in BCP is notably high, only two studies have explored its predictive indicators to date. Jo et al. [5] suggested that cardiac performance-related hemodynamic values assessed in the pre-induction period could predict hypotension in BCP. However, their study targeted only healthy patients under 65 years of age. Choi et al. [3] included patients of all age groups beyond 18 years of age in determining the risk factors for symptomatic hypotensive bradycardia events occurring in BCP and identified aging as a strong risk factor. To the best of our knowledge, the identification of risk factors in the vulnerable older population prone to hypotension, along with the determination of predictive indicators, represent novel and distinctive aspects of our study that underscore its strength.



Preoperative fasting-induced hypovolemia is recognized to potentially precipitate hypotension during anesthesia, with vasodilation induced by general anesthetics; BCP may exacerbate this phenomenon. Therefore, the patient’s volume status is likely to significantly influence the occurrence of hypotension. Although this study did not include information on the patients’ volume status, such as their stroke volume responses to fluid challenges, we observed no significant difference in the nil per os (NPO) duration between the non-hypotension and hypotension groups. Our hospital adheres to a preoperative regimen where the patients fast from midnight, abstain from carbohydrate beverages, and receive NPO fluids (such as Hartman solution or plasma solution A) at a gradual infusion rate of either 40 or 60 mL/h starting at 5:00 a.m. on the day of surgery. Therefore, we consider that the lack of preoperative volume status measurements does not detract from our findings, which are that preoperative frailty and quadriceps depth measurement are associated with hypotension during BCP.



However, this study has some limitations. First, because our research primarily focused on the occurrence of hypotension, we did not monitor the regional cerebral tissue oxygen saturation. Therefore, we were unable to explore the relationship between preoperative frailty or quadriceps depth and cerebral oxygen desaturation events, despite the potential significance of such events as secondary outcomes of hypotension. Second, we did not assess the severity or duration of hypotension, nor did we include an analysis of the recovery time from hypotension. Consequently, we were unable to conduct a more diverse analysis regarding the influence of preoperative frailty or quadriceps depth on the incidence of hypotension in BCP. Third, our study participants received only desflurane, which can increase the heart rate, as the maintenance anesthetic [29]. Although the incidence of hypotension in BCP is reportedly lower in the higher heart-rate group, we administered desflurane exclusively to all patient groups [5]. Therefore, further research is needed to investigate the influence of different anesthetics. Fourth, to ensure a more accurate evaluation, future studies should incorporate functional assessments, such as hand-grip strength testing, along with measurements of muscle mass. Our study only assessed limited functional capabilities, such as walking, during the questionnaire evaluation. Therefore, although sarcopenia can be suspected based on quadriceps depth, a definitive diagnosis requires the inclusion of functional assessment components. This comprehensive approach would provide a clearer understanding of the risk factors for hypotension resulting from BCP.



In conclusion, this study demonstrates the association between preoperative frailty and quadriceps depth and hypotension during BCP. Considering both of these factors together enhances the prediction of hypotension events in BCP; thus, healthcare professionals should consider the possibility of hypotension in BCP when evaluating older frail patients with suspected sarcopenia.







Author Contributions


Conceptualization: H.J.L. and S.-M.A.; data curation: H.J.L. and J.S.C.; formal analysis: H.J.L. and J.H.W.; funding acquisition: H.J.L.; investigation: H.J.L.; methodology: H.J.L. and J.H.W.; project administration: H.J.L.; resources: S.-M.A.; software: J.S.C.; supervision: H.J.L. and S.-j.S.; validation: H.J.L., S.-M.A., and J.H.W.; visualization: H.J.L.; writing—original draft: H.J.L.; writing—review and editing: J.H.W. and H.J.L. All authors have read and agreed to the published version of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Basic Science Research Program through the National Research Foundation (NRF) of Korea funded by the Ministry of Education (NRF-2022R1I1A1A01069183).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of Ewha Womans University Seoul Hospital (IRB Approval No.; SEUMC 2022-03-039-004). The study was registered on the Clinical Research Information Service (KCT0007510).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data will be made available upon request.




Acknowledgments


We would like to thank Hye Ah Lee (Clinical Trial Center, Ewha Womans University Mokdong Hospital, Seoul, Republic of Korea) for her assistance with the statistical analysis.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Kriechling, P.; Loucas, R.; Loucas, M.; Künzler, T.; Gerber, C.; Wieser, K. Primary Reverse Total Shoulder Arthroplasty in Patients Older than 80 Years: Clinical and Radiologic Outcome Measures. J. Shoulder Elb. Surg. 2021, 30, 877–883. [Google Scholar] [CrossRef] [PubMed]

	



Li, X.; Eichinger, J.K.; Hartshorn, T.; Zhou, H.; Matzkin, E.G.; Warner, J.P. 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. [Google Scholar] [CrossRef] [PubMed]

	



Choi, J.W.; Kim, D.K.; Jeong, H.J.; Kim, Y.R.; Chung, Y.J.; Son, Y.H. Risk Factors Associated with Hypotensive Bradycardic Events During Open Shoulder Surgery in the Beach Chair Position. Korean J. Anesthesiol. 2021, 74, 38–44. [Google Scholar] [CrossRef] [PubMed]

	



Murphy, G.S.; Greenberg, S.B.; Szokol, J.W. Safety of Beach Chair Position Shoulder Surgery: A Review of the Current Literature. Anesth. Analg. 2019, 129, 101–118. [Google Scholar] [CrossRef] [PubMed]

	



Jo, Y.Y.; Jung, W.S.; Kim, H.S.; Chang, Y.J.; Kwak, H.J. Prediction of Hypotension in the Beach Chair Position During Shoulder Arthroscopy Using Pre-operative Hemodynamic Variables. J. Clin. Monit. Comput. 2014, 28, 173–178. [Google Scholar] [CrossRef] [PubMed]

	



James, L.A.; Levin, M.A.; Lin, H.-M.; Deiner, S.G. Association of Preoperative Frailty with Intraoperative Hemodynamic Instability and Postoperative Mortality. Anesth. Analg. 2019, 128, 1279–1285. [Google Scholar] [CrossRef] [PubMed]

	



Lee, H.J.; Kim, Y.J.; Woo, J.H.; Oh, H.-W. Preoperative Frailty Is an Independent Risk Factor for Postinduction Hypotension in Older Patients Undergoing Noncardiac Surgery: A Retrospective Cohort Study. J. Gerontol. A Biol. Sci. Med. Sci. 2024, 79, glad229. [Google Scholar] [CrossRef] [PubMed]

	



Lee, Y.Y.; Woo, J.H.; Yoon, I.-Y.; Lee, H.J.; Ahn, S.-M.; Chae, J.S.; Kim, Y.J. Predictability of Radiologically Measured Psoas Muscle Area for Intraoperative Hypotension in Older Adult Patients Undergoing Femur Fracture Surgery. J. Clin. Med. 2023, 12, 1691. [Google Scholar] [CrossRef] [PubMed]

	



Canales, C.; Mazor, E.; Coy, H.; Grogan, T.R.; Duval, V.; Raman, S.; Cannesson, M.; Singh, S.P. Preoperative Point-of-Care Ultrasound to Identify Frailty and Predict Postoperative Outcomes: A Diagnostic Accuracy Study. Anesthesiology 2022, 136, 268–278. [Google Scholar] [CrossRef] [PubMed]

	



Ayyash, R.; Knight, J.; Kothmann, E.; Eid, M.; Ayyash, K.; Colling, K.; Yates, D.; Mill, A.; Danjoux, G. Utility and Reliability of the Clinical Frailty Scale in Patients Scheduled for Major Vascular Surgery: A Prospective, Observational, Multicentre Observer-Blinded Study. Perioper. Med. 2022, 11, 6. [Google Scholar] [CrossRef]

	



Salmasi, V.; Maheshwari, K.; Yang, D.; Mascha, E.J.; Singh, A.; Sessler, D.I.; Kurz, A. Relationship Between Intraoperative Hypotension, Defined by Either Reduction from Baseline or Absolute Thresholds, and Acute Kidney and Myocardial Injury After Noncardiac Surgery: A Retrospective Cohort Analysis. Anesthesiology 2017, 126, 47–65. [Google Scholar] [CrossRef] [PubMed]

	



Rockwood, K.; Mitnitski, A. Frailty in Relation to the Accumulation of Deficits. J. Gerontol. A Biol. Sci. Med. Sci. 2007, 62, 722–727. [Google Scholar] [CrossRef] [PubMed]

	



Jeong, H.; Jeong, S.; Lim, H.J.; Lee, J.; Yoo, K.Y. 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. [Google Scholar] [CrossRef] [PubMed]

	



Hanouz, J.-L.; Fiant, A.-L.; Gérard, J.-L. Middle Cerebral Artery Blood Flow Velocity during Beach Chair Position for Shoulder Surgery under General Anesthesia. J. Clin. Anesth. 2016, 33, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Pin-on, P.; Schroeder, D.; Munis, J. The Hemodynamic Management of 5177 Neurosurgical and Orthopedic Patients Who Underwent Surgery in the Sitting or “Beach Chair” Position without Incidence of Adverse Neurologic Events. Anesth. Analg. 2013, 116, 1317–1324. [Google Scholar] [CrossRef]

	



Buhre, W.; Weyland, A.; Buhre, K.; Kazmaier, S.; Mursch, K.; Schmidt, M.; Sydow, M.; Sonntag, H. Effects of the Sitting Position on the Distribution of Blood Volume in Patients Undergoing Neurosurgical Procedures. Br. J. Anaesth. 2000, 84, 354–357. [Google Scholar] [CrossRef] [PubMed]

	



Matzen, S.; Perko, G.; Groth, S.; Friedman, D.B.; Secher, N.H. Blood Volume Distribution During Head-Up Tilt Induced Central Hypovolaemia in Man. Clin. Physiol. 1991, 11, 411–422. [Google Scholar] [CrossRef] [PubMed]

	



Wieling, W.; Krediet, C.T.P.; van Dijk, N.; Linzer, M.; Tschakovsky, M.E. Initial Orthostatic Hypotension: Review of a Forgotten Condition. Clin. Sci. 2007, 112, 157–165. [Google Scholar] [CrossRef] [PubMed]

	



Christopoulos, E.M.; Reijnierse, E.M.; Lange, P.W.; Meskers, C.G.M.; Maier, A.B. Orthostatic Hypotension and Orthostatic Intolerance Symptoms in Geriatric Rehabilitation Inpatients, RESORT. J. Am. Med. Dir. Assoc. 2021, 22, 2468–2477.e2. [Google Scholar] [CrossRef] [PubMed]

	



Romero-Ortuno, R.; Cogan, L.; O’Shea, D.; Lawlor, B.A.; Kenny, R.A. Orthostatic Haemodynamics May Be Impaired in Frailty. Age Ageing 2011, 40, 576–583. [Google Scholar] [CrossRef] [PubMed]

	



Joseph, A.; Wanono, R.; Flamant, M.; Vidal-Petiot, E. Orthostatic Hypotension: A Review. Nephrol. Ther. 2017, 13, S55–S67. [Google Scholar] [CrossRef] [PubMed]

	



Kocyigit, S.E.; Soysal, P.; Bulut, E.A.; Aydin, A.E.; Dokuzlar, O.; Isik, A.T. What Is the Relationship Between Frailty and Orthostatic Hypotension in Older Adults? J. Geriatr. Cardiol. 2019, 16, 272–279. [Google Scholar] [CrossRef] [PubMed]

	



Varadhan, R.; Chaves, P.H.M.; Lipsitz, L.A.; Stein, P.K.; Tian, J.; Windham, B.G.; Berger, R.D.; Fried, L.P. Frailty and Impaired Cardiac Autonomic Control: New Insights from Principal Components Aggregation of Traditional Heart Rate Variability Indices. J. Gerontol. A Biol. Sci. Med. Sci. 2009, 64, 682–687. [Google Scholar] [CrossRef] [PubMed]

	



Soysal, P.; Kocyigit, S.E.; Dokuzlar, O.; Ates Bulut, E.; Smith, L.; Isik, A.T. Relationship Between Sarcopenia and Orthostatic Hypotension. Age Ageing 2020, 49, 959–965. [Google Scholar] [CrossRef] [PubMed]

	



Magkas, N.; Tsioufis, C.; Thomopoulos, C.; Dilaveris, P.; Georgiopoulos, G.; Sanidas, E.; Papademetriou, V.; Tousoulis, D. Orthostatic Hypotension: From Pathophysiology to Clinical Applications and Therapeutic Considerations. J. Clin. Hypertens. 2019, 21, 546–554. [Google Scholar] [CrossRef] [PubMed]

	



Cabello-Verrugio, C.; Morales, M.G.; Rivera, J.C.; Cabrera, D.; Simon, F. Renin-Angiotensin System: An Old Player with Novel Functions in Skeletal Muscle. Med. Res. Rev. 2015, 35, 437–463. [Google Scholar] [CrossRef] [PubMed]

	



Fonseca, G.W.P.D.; Santos, M.R.D.; Souza, F.R.; Costa, M.J.A.D.; Haehling, S.V.; Takayama, L.; Pereira, R.M.R.; Negrão, C.E.; Anker, S.D.; Alves, M.J.N.N. Sympatho-Vagal Imbalance Is Associated with Sarcopenia in Male Patients with Heart Failure. Arq. Bras. Cardiol. 2019, 112, 739–746. [Google Scholar] [CrossRef] [PubMed]

	



Kara, M.; Kaymak, B.; Frontera, W.; Ata, A.M.; Ricci, V.; Ekiz, T.; Chang, K.-V.; Han, D.-S.; Michail, X.; Quittan, M.; et al. Diagnosing Sarcopenia: Functional Perspectives and a New Algorithm from the ISarcoPRM. J. Rehabil. Med. 2021, 53, jrm00209. [Google Scholar] [CrossRef] [PubMed]

	



Kim, D.; Kim, E.A.; Seo, M.J.; Lim, H.; Ko, S.; Lee, S.K. Desflurane-Induced Hemodynamic Changes in Patients with Diabetic Cardiovascular Autonomic Neuropathy. Korean J. Anesthesiol. 2009, 57, 560–565. [Google Scholar] [CrossRef]








[image: Jpm 14 00642 g001] 





Figure 1. Quadriceps depth on an ultrasound image. The quadriceps depth was obtained by measuring the distance between the cortex of the femur and the most superficial muscular fascia. ScT = subcutaneous tissue; RF = rectus femoris; VI = vastus intermedius; F = femur. 
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Figure 2. Comparison of the predictive power of the three factors for hypotension during BCP. The three factors are quadriceps depth < 2.3; frail status assessed by REFS scores; and both factors combined. BCP = beach chair position; REFS = Reported Edmonton Frail Scale. 
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Table 1. Comparison of demographics and intraoperative characteristics between the non-hypotension group and hypotension group during BCP.
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Non-Hypotension Group (n = 15)

	
Hypotension Group (n = 31)

	
p






	
Age (years)

	
72.3 (67.0–77.25)

	
72.5 (66.2–74.0)

	
0.233




	
Sex (% of males)

	
66.7

	
38.7

	
0.116




	
ASA physical status classification

	
0.571




	
1

	
1

	
4

	




	
2

	
11

	
24

	




	
3

	
3

	
3

	




	
Frailty (REFS scores)

	
0.462




	
Non-frail (0–5)

	
12

	
19

	




	
Prefrail (6–7)

	
2

	
5

	




	
Frail (8–18)

	
1

	
7

	




	
Depth of quadriceps (cm)

	
2.42 ± 0.48

	
1.92 ± 0.55

	
0.007




	
Normalized quadriceps depth by BMI

	
0.093 ± 0.17

	
0.075 ± 0.021

	
0.012




	
Normalized quadriceps depth by BSA

	
1.396 ± 0.215

	
1.165 ± 0.324

	
0.027




	
BMI (kg/m2)

	
26.1 ± 1.64

	
25.63 ± 30.4

	
0.508




	
BSA (m2)

	
1.73 ± 1.57

	
1.65 ± 1.73

	
0.172




	
Hypertension history (n)

	
7

	
25

	
0.467




	
Diabetes mellitus history (n)

	
3

	
7

	
0.706




	
Induction dosage of propofol (mg/kg)

	
1.36 ± 0.38

	
1.27 ± 0.19

	
0.548




	
Dosage of ephedrine used before BCP

	

	

	




	
Maximum desflurane concentration (%)

	
4.17 ± 0.94

	
3.90 ± 0.90

	
0.383




	
Duration of anesthesia (min)

	
146.25 ± 12.99

	
152.56 ± 9.61

	
0.144




	
Duration of surgery (min)

	
86.25 ± 10.90

	
96.03 ± 13.80

	
0.02




	
Duration of BCP (min)

	
96.67 ± 10.94

	
107.5 ± 14.26

	
0.012




	
Angle of operation table during BCP (°)

	
42.92 ± 1.56

	
42.56 ± 1.58

	
0.505




	
Midnight to start of procedure, hours

	
9.2 [8.1–10.3]

	
9.5 [8.3–10.6]

	
0.834




	
Estimated blood loss (mL)

	
50 (40, 57.5)

	
50 (40, 55)

	
0.937




	
Fluid administration during BCP (mL)

	
758.33 ± 144.34

	
988.53 ± 246.04

	
0.004




	
First onset of hypotension

	

	
4.5 (1.0–5.0)

	




	
Number of episodes of hypotension for each patient

	

	
2 (1, 3)

	




	
Ephedrine (mg) used during BCP

	

	
10 (5, 15)

	








Data are presented as numbers, means ± standard deviation, or medians (interquartile range); ASA = American Society of Anesthesiologists; REFS = Reported Edmonton Frail Scale; B