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Background: There is no established method for early bed rehabilitation of patients after cardiogenic shock (CS) who require mechanical circulatory support (MCS). This study aimed to evaluate the safety of early upper limb extremity ergometer exercise in critically ill patients with CS or at risk for CS.Methods: The study was conducted as a prospective, single-center feasibility and observational study. Patients with CS or at risk for CS in the cardiac intensive care unit were enrolled. Upper limb extremity ergometer exercise was performed with alternating intervals of exercise and rest, in parallel with the rehabilitation program focused on early mobilization. A multidisciplinary team was established to determine the criteria for exercise initiation and cessation. Endpoint measures included exercise-related adverse events (circulatory or respiratory failure requiring new medical intervention, inability to continue device support, bleeding requiring hemostatic treatment at the insertion site, and exercise-related skeletal pain), vital signs, and subjective symptoms.Results: Forty-seven sessions in 28 patients (71 ± 15 years, 75% male) were included in the analysis. MCS was used in 86% of the patients, and rehabilitation was initiated within 3 ± 1 day. Two patients had temporary dyspnea, and none discontinued exercise. There was a significant increase in heart rate (p < 0.05) and respiratory rate (p < 0.001) during exercise compared with pre-excercise, but not in systolic or diastolic blood pressure and oxygen saturation.Conclusion: Early upper limb extremity ergometer exercises for critically ill patients with CS or at risk for CS resulted in changes in heart rate and respiratory rate during exercise. However, no exercise-related adverse events occurred. Upper limb extremity ergometer exercise can be a new tool of physical therapy in the acute phase of patients after CS or at risk for CS.Keywords: upper limb extremity ergometer, cardiogenic shock, cardiac disease, cardiac intensive care unit, cardiac rehabilitation
1 INTRODUCTION
In-hospital mortality remains high in critically ill patients with cardiac disease who experience cardiogenic shock (CS) or multiorgan failure requiring mechanical circulatory support (MCS) or continuous renal replacement therapy (CRRT) (Kolte et al., 2014; Jentzer et al., 2019). These critically ill patients require prolonged management in the intensive care unit (ICU), and even if they survive and are discharged, they are at a high risk of developing post-intensive care syndrome (PICS). This syndrome causes physical, cognitive, and psychological dysfunctions, leading to reduced activities of daily living and quality of life after discharge (Needham et al., 2012; Kawakami et al., 2021). In recent years, early rehabilitation and physical intervention have been initiated within the first few days in the ICU, depending on the patient’s resilience and general condition. It has gained attention as a means of preventing PICS (Renner et al., 2023). On the other hand, early rehabilitation has been shown to carry a risk of adverse events such as cardiac arrest, fatal arrhythmias, significant oxygen desaturation, and unplanned extubation (Paton et al., 2023; Schaller et al., 2024). However, few studies have evaluated the safety and efficacy of early rehabilitation using MCS or CRRT in critically ill patients. The femoral approach is often used when a hemodynamic compromise occurs and urgent MCS is initiated. This can make it difficult to get out of bed and perform lower extremity exercises.
Upper limb extremity ergometer exercises have long been used for patients with orthopedic and peripheral arterial diseases (Mendelsohn et al., 2008; Zwierska et al., 2005) and, more recently, for patients with acute stroke and spinal cord injury (da Rosa Pinheiro et al., 2021; Olney et al., 2023). Upper and lower limb extremity ergometer exercises improve cardiopulmonary function and exercise tolerance (Larsen et al., 2016). However, upper limb extremity ergometer exercises produce greater heart rate and ventilatory variabilities than lower limb extremity exercises (Leicht et al., 2008; Castro et al., 2011). In addition, bradycardia and respiratory distress have been reported as endpoints in cardiopulmonary exercise testing using an upper extremity ergometer (Ilias et al., 2009; Eerden et al., 2018). Previous studies have been conducted in healthy participants and post-discharge patients; therefore, the acute-phase safety in critically ill patients with cardiac disease is unclear. We consider that early rehabilitation with clear criteria for initiation and cessation, shared and implemented by a multidisciplinary team, can be safely delivered without causing adverse events.
This study aimed to evaluate the occurrence of adverse events during or after early upper limb extremity ergometer exercise in critically ill patients with CS or at risk for CS and to validate its safety.
2 MATERIALS AND METHODS
2.1 Participants
This prospective study was conducted at a single cardiovascular center (Higuchi et al., 2023). This study included patients with or at risk of CS who qualified for the Society for Cardiovascular Angiography and Intervention (SCAI) CS classification A to E (Baran et al., 2019) in the cardiac ICU (CICU) of our hospital from June to December 2023. The exclusion criteria were no admission to the CICU; ability to get out of bed, including standing and walking, within 48 h of illness onset; restricted movement of the upper limb extremity, such as fractures or arthrogryposis; bedridden pre-hospitalization; and no consent to participate in this study. Participants were informed verbally in advance regarding the purpose, content, and handling of the survey results, and their written consent was obtained.
The study was conducted in accordance with the guidelines of the Declaration of Helsinki and the Ethical Guidelines for Research in the Department of Life Sciences and Medical Sciences for People and was approved by the Ethics Committee of Sakakibara Heart Institute (approval ID:23-013).
2.2 Ergometer exercise
The indications for upper limb extremity ergometer exercises were determined during daily multidisciplinary conferences with cardiologists, nurses, and physical therapists. The following criteria indicated unstable conditions that prevented the initiation of exercise: exacerbation of heart failure (significant decrease in urine output or worsening edema, weight gain, increased pulmonary opacities on chest x-ray, increased cardiothoracic ratio, etc.), new-onset or uncontrolled organ ischemia as determined by blood test data, such as blood enzymes and markers, and diagnostic imaging, active bleeding (hemoglobin ≤7 g/dL), cerebrovascular events in the previous 24 h, fever >38.5°C, no creatine kinase CK/CK-MB peak, significant ST-segment elevation ≥1 mm within 12 h, arrhythmias that disrupt circulatory dynamics, no recent new inotropic drug initiation or dose increase before the start of exercise, fraction of inspiratory oxygen >0.6, and Richmond Agitation-Sedation Scale (RASS) ≤−3 or ≥+2. Ergometer exercises were initiated if the criteria were not met. Additionally, the following criteria were used to indicate exercise cessation: systolic blood pressure <80 mmHg or >140 mmHg, heart rate <50 beats per min or >120 beats per min, respiratory rate <10 breaths per min or >40 breaths per min, saturation of percutaneous oxygen <90%, significant fatigue (The modified Borg scale score ≥5), excruciating pain or discomfort, and electrocardiographic changes suspicious for new major arrhythmia or myocardial ischemia. The ergometer exercise should be stopped if this criterion is met. Some criteria, such as transient changes in vital signs, were closely monitored. In these cases, the exercise could be temporarily paused and safely resumed upon stabilization of the patient’s condition. These criteria for initiation and discontinuation are consistent with relevant guidelines (Unoki et al., 2023; Kimura et al., 2019), and these criteria were adopted to ensure safety during the exercise.
Upper extremity ergometer exercises were performed using Terasu Ergo (Showa Denki Co., Tokyo, Japan). The exercise protocol is that the exercise load ranged from 3 to 20 W, starting at a low intensity and gradually increasing according to hemodynamics, physical findings, and fatigue. Exercise duration consisted of alternating intervals of exercise and rest in a 1:1 ratio, with a goal of three sets of 3–5 min per set for the first session and a maximum of four sets for the next session, for a total of 15–20 min. The exercise was performed once a day until active walking was possible. In cases with SCAI classification A or B in whom MCS was not initiated, the patients could be early mobilized, which is established as standard rehabilitation in the CICU, and upper limb ergometer exercise was performed in conjunction with this. If a device, such as MCS or CRRT, was applied, upper limb ergometer exercise was performed under the supervision of a cardiologist and a clinical engineering technologist.
2.3 Endpoint measures
The primary endpoint was exercise-related adverse events of circulatory or respiratory failure requiring new medical intervention within 24 h of exercise, device removal or misalignment that makes continued support difficult, bleeding requiring hemostatic treatment at the insertion site, and exercise-related skeletal pain in the extremities (TEAM Study Investigators and the ANZICS Clinical Tria et al., 2022).
2.4 Additional assessments
The following data were collected from medical records, examinations and measurements in the medical treatment. The SCAI classification was determined on admission to the CICU. The decision to initiate MCS was made by a cardiac team led by a cardiologist. Sequential organ failure assessment (SOFA) score was assessed on admission to the CICU. The SOFA score is calculated by scoring respiration (PaO2/FiO2), coagulation (platelet count), liver function (total bilirubin), circulation (mean blood pressure, catecholamines), central nervous system (Glasgow coma scale), and renal function (creatinine, urine volume) on a scale of 0–4, respectively, for a total score. The Barthel Index was obtained from the patient or family member regarding the situation pre-admission and assessed by a trained physical therapist at discharge. Systolic/diastolic blood pressure, heart rate, percutaneous oxygen saturation, respiratory rate, Borg scale score, and subjective symptoms (chest symptoms, respiratory symptoms, pain) were measured before, during, and after exercise.
2.5 Sample size calculation
A post hoc power analysis was conducted using G*Power (version 3.1.9.4, University of Düsseldorf, Germany) to determine the required sample size. The analysis indicated that a sample size of N = 21 was necessary to achieve an effect size of 0.5 with a statistical power of 80% at an alpha level of 0.05.
2.6 Statistical analyses
Continuous variables are presented as means ± standard deviations and median (interquartile range), and categorical variables are expressed as percentages. The Shapiro–Wilk test was used to verify normal distribution. Clinical characteristics were categorized into Stage B and below and Stage C and above, which are largely separated by severity of CS and intervention. The percentage change in vital signs at each time point during exercise was calculated as follows: (post-exercise − pre-exercise)/pre-exercise × 100 (%). In addition, differences between changes in vital signs during exercise were examined using repeated-measures analysis of variance and pairwise comparisons with Bonferroni correction. The significance level was set at p ˂ 0.05, and all statistical analyses were performed using IBM SPSS Statistics version 22 (IBM Corp., Armonk, NY, United States).
3 RESULTS
Out of 222 patients 28 patients with 47 exercise sessions were included. 194 patients were excluded (172 patients in start to get out of bed in less than 48 h, 2 patients with limited upper extremity movement, 15 patients that did not have the criteria for inclusion, 5 patients refused to participate in exercise) following clinical protocols designed to adapt the exercise prescription according to each patient’s condition and response to therapy (Figure 1). The clinical characteristics of the patients are summarized in Table 1. MCS was used in ≥80% of the cases, including one case of veno-arterial extracorporeal membrane oxygenation (ECMO) combined with Impella.
[image: Figure 1]FIGURE 1 | Schematic presentation of the study procedure. This study included 28 patients with or at risk of cardiogenic shock in the cardiac intensive care unit. CS, cardiogenic shock; CICU, cardiac intensive care unit.
TABLE 1 | Clinical characteristics.
[image: Table 1]The clincal status during the ergometer exercise period and adverse events are shown in Tables 2, 3. Device management included 68% MCS, 13% mechanical ventilation (MV), and 6% CRRT, with exercise being started at the earliest 3 days after admission to the CICU. In total, 91% of the exercises were performed in a supine or sitting position in bed. The maximum exercise load was 15 (15–20) W, and the exercise duration was 7 (5–10) min. Two patients had temporary dyspnea, one during the exercise and the other after the exercise. None of the patients discontinued the exercise. A one-way repeated measures ANOVA was conducted to examine changes in vital signs across pre-to post-exercise (pre-, 5 min, 10 min, 15 min, 20 min, and post-exercise). Mauchly’s test of sphericity for heart rate indicated that the assumption of sphericity was violated (p < 0.001). Therefore, the Greenhouse-Geisser correction was applied and the adjusted results showed a significant main effect of time (F [1.44, 17.33] = 10.81, p = 0.002, η2 = 0.47). Also, adjusted results for the respiratory rate showed a significant main effect of time (F [2.48, 29.80] = 27.59, p < 0.001, η2 = 0.70). Post hoc comparisons using Bonferroni correction revealed that both heart rate (82 ± 13 vs. 89 ± 12, 90 ± 13, 91 ± 11, 92 ± 11 beats per minute, p < 0.05) and respiratory rate (21 ± 3 vs. 26 ± 6, 29 ± 7, 29 ± 6, 31 ± 5 breaths per minute, p < 0.001) were significantly higher during exercise than pre-exercise (Table 4). The effect of exercise was greatest for the respiratory rate (percentage change during exercise at 5, 10, 15, and 20 min compared to rest: 28.6, 41.3, 42.6, 54.5%, p < 0.001), followed by the heart rate (8.4, 10.0, 10.6, 14.6%, p < 0.05). Systolic blood pressure (2.3, 3.5, 3.5, 3.9%, p = 0.34), diastolic blood pressure (−0.2, 1.3, 2.8, 1.3%, p = 0.50), and saturation of percutaneous oxygen (0.0, −0.3, −0.1, −0.4%, p = 0.78) remained unchanged (Figure 2).
TABLE 2 | Clinical status at the time of upper extremity ergometer exercise.
[image: Table 2]TABLE 3 | Incidence of adverse events.
[image: Table 3]TABLE 4 | Monitoring of vital signs pre-, during, and post-exercise.
[image: Table 4][image: Figure 2]FIGURE 2 | The percentage change in vital signs during and post exercise compared to pre-exercise levels for systolic/diastolic blood pressure (A), heart rate (B), respiratory rate (C), and saturation of percutaneous oxygen (D). SBP, systolic blood pressure; DBP, diastolic blood pressure.
4 DISCUSSION
This study is the first report which examines the feasibility and safety of an early initiation of upper limb extremity ergometer exercise in critically ill patients with or at risk for CS. Only 5 out of 222 cardiac disease patients with CS or at risk of CS at the CICU refused participation. No adverse events occurred in the exercising patients requiring additional therapeutic interventions. One out of 28 patients reported dyspnea during or after exercise. There was an increase in heart rate and more pronounced in respiratory rate during exercise compared to pre-exercise values.
Advances in MCS and its treatment have made it possible to establish hemodynamics early after CS, but MCS or MV therapy is necessary for a period of time to restore cardiac function and improve general condition. Therefore, the onset of early mobilization is delayed, and even during this time, muscle catabolism increases, and cardiopulmonary function progressively declines. The few studies on early mobilization in MCS have covered a wide range of subjects, including several diseases, mainly respiratory diseases, and ECMO as a bridge to transplantation patients. Additionally, the timing of exercise initiation was variable, with some patients starting within 2–4 days of disease onset and others taking more than a week. Also direct intervention by multiple healthcare professionals is necessary to ensure safety (Salna et al., 2020; Ferreira et al., 2019; Cucchi et al., 2023). At present, there exists no established guideline or protocol for early bed rehabilitation of post-CS patients who would require MCS support. In this study, standard management with appropriate pain control and light sedation was used, and RASS was included among the criteria for initiating exercise, excluding cases of agitation and delirium. In addition, a total of five patients refused to participate in the exercise, four complaining of discomfort and one who was reluctant to be treated. Furthermore, the median Glasgow Coma Scale score during exercise was 15. This indicates that the patients were able to communicate and could easily express symptoms and complaints. Thus, the introduction of upper limb extremity ergometer exercise in the management of MCS was limited to cases with relatively low anxiety and pain as well as a good arousal status, and it is important to establish such conditioning. In addition, MCS often involves the placement of a catheter in the femoral region, which restricts movement in the lower extremity while the upper extremity is relatively unrestricted. With this in mind, upper extremity ergometer exercises have the advantage of being started early in a supine position, even with MCS support. Furthermore, because it does not require major positional changes, such as out-of-bed changes, the risks of catheter removal and significant dynamic hemodynamic fluctuations are reduced. Additionally, Impella malrotation has been shown to cause severe hemodynamic instability (Baldetti et al., 2023). In this study, exercise was initiated within 3 days, which was considered as an early exercise intervention. In addition, there were no adverse events requiring exercise cessation due to hemodynamic compromise, device removal, or bleeding at the insertion site. It is suggested that upper limb extremity ergometer exercise can be initiated earlier than mobilization out of bed when the criteria for initiation of exercise and other conditions are met. Only in one case temporary dyspnea occurred after exercise. It is not clear whether the dyspnea that occurred after exercise was induced by the exercise performed because the condition of patients with severe CS changes over time as treatment progresses. Differences in the severity of patient conditions and the use of various devices may have influenced the outcomes, introducing variability to the results. The type of mechanical support or their simultaneous adaptation did not result in such differences. On the other hand, the initial exercise tended to be at a very low intensity, and as the number of exercise sessions increased, the exercise load tended to increase in intensity. The reason for selecting different numbers of sessions per patient was based on individual responses to therapy and clinical progress, which may have influenced the exercise prescription for each case. This is a very important clinical approach and we believe that it is appropriate to start the upper limb extremity ergometer exercise at a low load and then increase the exercise load according to the response during and after the exercise. Upper extremity ergometer exercise can confirm the hemodynamic response to exercise in patients with CS and is useful in evaluating recovery of cardiac function.
In this study, we observed significant changes in the respiratory and heart rates at all time points during the exercise period compared with the pre-exercise period. Although not investigated in this study, upper limb exercises are prone to heart rate and respiratory variabilities (Leicht et al., 2008; Castro et al., 2011). The mechanisms of heart rate and respiratory variability during upper extremity exercise remain to be elucidated; however, the influence of the autonomic nervous system has been suggested (Tulppo et al., 1999). Arm exercises elicit more input from afferent muscle fibers than leg exercises, and the same output causes greater lactate accumulation than leg exercises. Therefore, fatigue is believed to be more noticeable, resulting in greater sympathetic stimulation (Casaburi et al., 1992; Cerny and Ucer, 2004). An increase in the respiratory rate stimulates the sympathetic nervous system, and when sympathetic activity is predominant, the heart rate will increase. In addition, to increase oxygen delivery to muscles throughout the body, both respiratory rate and heart rate increase during exercise. In this way, heart rate and respiration are mutually inducing (Galletly and Larsen, 2001). These autonomic regulatory mechanisms may influence heart rate and respiratory variabilities. Published studies of exercise-induced heart rate and respiratory variability in cardiac patients have mostly investigated the impact of intensities above low to moderate exercise (Brechtel et al., 2007). Considering that this study involved an infinitely low-load exercise and the different pathological conditions of the acute phase of CS, the mechanism may be different from the conventional mechanism.
4.1 Study limitations
This study had some limitations. First, critically ill patients who require MCS or MV can experience a high degree of anxiety associated with immobility and the mental stress of being in an extraordinary state. Depressive symptoms, such as agitation and apathy, are also likely to be problematic. Therefore, it is necessary to consider not only the pathological condition but also the psychological state of the patient when considering the indications for exercise. In addition, prolonged ICU stays are prone to delirium complications, which may prevent exercise initiation. Therefore, it is important to create an environment in which mental and cognitive assessments and support are collaborative among multidisciplinary teams so that early rehabilitation can be initiated.
Second, exercise prescription based on objective assessment was not possible because the patients were in the state of the acute phase immediately after the onset of illness; therefore, the exercise load was determined based on vital signs and subjective symptoms. Therefore, it is unclear whether the exercise intensity was adequate for improving cardiopulmonary function. The creation of a standard protocol does remain an issue and should be investigated in the future. Furthermore, the effects of exercise should be studied by randomized controlled trials.
Third, the detailed effects of exercise on the pathophysiology were unclear because we only evaluated vital sign changes, which could be easily monitored in clinical practice. However, we did not investigated other parameters such as a Swan-Ganz catheter pressure or arterial blood gas analysis, which may result in more detailed aspects of hemodynamic or respiratory fluctuations. As this is a feasibility observational study, a cause-and-effect relationship between exercise and adverse events cannot be established. Therefore, the clarification of such a possible causal relationship is an issue for the future.
Furthermore, the study took place in a single center, the inclusion of multiple centers could enhance the external validity of the results.
5 CONCLUSION
Early upper limb extremity ergometer exercises for critically ill patients with CS or at risk for CS resulted in changes in respiratory and heart rates during exercise, but not in systolic or diastolic blood pressure or oxygen saturation. However, no changes were observed after exercise compared to pre-exercise levels, and no exercise-related adverse events occurred. Upper limb extremity ergometer exercise can be initiated earlier in patients with CS or at risk for CS and can be a new tool in the acute phase of physical therapy.
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