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Intensive Care Unit-Acquired Weakness in Patients With Extracorporeal Membrane Oxygenation Support: Frequency and Clinical Characteristics
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Background: Intensive care unit-acquired weakness (ICU-AW) is common in critical illness patients and is well described. Extracorporeal membrane oxygenation (ECMO) is used as a life-saving method and patients with ECMO support often suffer more risk factors of ICU-AW. However, information on the frequency and clinical characteristics of ICU-AW in patients with ECMO support is lacking. Our study aims to clarify the frequency and characteristics of ICU-AW in ECMO patients.

Methods: We conducted a retrospective study, ICU-AW was diagnosed when patients were discharged with a Medical Research Council (MRC) sum score <48. Clinical information was collected from the case report forms. Univariable analysis, LASSO regression analysis, and logistic regression analysis were used to analyze the clinical data of individuals.

Results: In ECMO population, 40 (80%) patients diagnosed with ICU-AW. On univariable analysis, the ICU-AW group had higher Acute Physiology and Chronic Health Evaluation II (APACHE II) [13.9 (6.5–21.3) versus 21.1 (14.3–27.9), p = 0.005], longer deep sedation time [2 (0–7) versus 6.5 (3–11), p = 0.005], longer mechanical ventilation time [6.8 (2.6–9.3) versus 14.3 (6.6–19.3), p = 0.008], lower lowest albumin [26.7 (23.8–29.5) versus 22.1 (18.5–25.7), p < 0.001]. The LASSO analysis showed mechanical ventilation time, deep sedation time, deep sedation time during ECMO operation, APACHE II, and lowest albumin level were independent predictors of ICU-AW. To investigate whether ICU-AW occurs more frequently in the ECMO population, we performed a 1:1 matching with patients without ECMO and found there was no difference in the incidence of ICU-AW between the two groups. Logistic regression analysis of combined cohorts showed lowest albumin odds ratio (OR: 1.9, p = 0.024), deep sedation time (OR: 1.9, p = 0.022), mechanical ventilation time (OR: 2.0, p = 0.034), and APACHE II (OR: 2.3, p = 0.034) were independent risk factors of ICU-AW, but not ECMO.

Conclusion: The ICU-AW was common with a prevalence of 80% in the ECMO population. Mechanical ventilation time, deep sedation time, deep sedation time during ECMO operation, APACHE II, and lowest albumin level were risk factors of ICU-AW in ECMO population. The ECMO wasn’t an independent risk factor of ICU-AW.
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INTRODUCTION

Extracorporeal membrane oxygenation (ECMO) is increasingly being used worldwide in recent years as a rescue therapy for critically ill patients (1). Though ECMO has almost become standard care as a therapy in critically ill patients when less invasive measures have failed, it is potentially associated with serious complications, such as bleeding, infection, acute kidney injury, and neuromuscular complications, which should be considered and weighted (2).

According to the previous studies, intensive care unit-acquired weakness (ICU-AW) can occur in critically ill patients just several days after their ICU admission and muscle loss can exceed 10% during the first week in ICU (3, 4). Muscle strength and mass reduction are common and 43% of critically ill patients have suffered muscle strength decrease (3, 4). It leads to difficulty in weaning off mechanical ventilation, which in turn increases the risk of ICU-AW and diagram dysfunction (5, 6). Moreover, ICU-AW increases the long-term and short-term mortality rates and decreases the life quality when discharged hospital (7).

The ICU-AW is a usual complication in critically ill patients with a prevalence of 43% (interquartile range 25–75%) (4, 8). Patients with ECMO support always suffer more risk factors of ICU-AW such as prolonged mechanical ventilation duration, deep sedation and paralyzed, and long-time of immobility, they are more likely to suffer ICU-AW. Thus, we need to pay more attention to distinguish those who are more vulnerable to muscle weakness and prevent the occurrence of ICU-AW.

Few studies to review the prevalence and clinical characteristics of ICU-AW in patients with ECMO support. The goal of our study is to clarify the clinical characteristics and frequency of ICU-AW in ECMO support individuals. We herein collect clinical information of our patients and analyze their clinical characteristics, hoping to provide some clinical references for our colleagues.



MATERIALS AND METHODS


Study Design and Setting

We conducted a retrospective study of critically ill patients who used ECMO during their ICU stay. Patients were recruited from the general ICU of the second affiliated hospital of Zhejiang University, between March 2017 and March 2020.



Patients

Patients who had received ECMO therapy during ICU stay were eligible for inclusion criteria in the study. Exclusion criteria were patients who used ECMO to bridge to lung transplantation, experienced cardiac heart arrest, less than 18 years old, had been proven or suspected neurological impairment, using ECMO less than 24 h, had severe head or spinal cord injury and pregnant woman.

we performed a 1:1 matching of each ECMO patient with no ECMO patient who is a statistical twin in terms of APACHE II (intervals of 2 points), SOFA (intervals of 2 points), sex, age group (in 5 years intervals), BMI group, Charlson Comorbidity Index (intervals of 2 points), non-frail before ICU. The 2 of ECMO patients were in the surgical ICU and 48 patients in the medical ICU and 2 surgical ICU patients with ECMO support were matched with 2 surgical patients without ECMO support. A total of 48 ECMO patients in the medical ICU were also matched to corresponding medical ICU patients without ECMO support.



Limb Muscle Strength

Muscle strength was assessed by physical and occupational therapists on hospital discharge. The strength of muscle of included patients was assessed by Medical Research Council (MRC) score, using a scale from 0 to 5. ICU-AW was diagnosed when a patient is awake and attentive who had a muscle strength sum score <48 out of a maximal score of 60.



Processes

Following enrollment, demographic data were collected which included gender, age, BMI score, SOFA score, APACHE II, and reasons for admitted to ICU. Therapy details were recorded as well, such as time and depth of sedation (such as deep sedation time and light sedation time), nutrition and glycemic control condition, ventilator settings and duration, drug details, and rehabilitation information. The RASS score was collected from the case reports. The days of light sedation and deep sedation time were collected from the case reports, light sedation was defined as the RASS score between 1 and −2 when using sedative drugs, deep sedation was defined as the deep sedation was defined as RASS score ≤−3 when using sedative drugs (9). The actual calories and protein intake were recorded from the case report form in patients who used enteral nutrition, excepting 1 patient in ICU-AW group used parenteral nutrition. The goal calories were 25–30 kcal/kg and the goal protein intake was 1.2–2.0 g/kg. ECMO settings (such as types of ECMO, rotating speed, gas speed, blood speed, and fraction of inspiration O2) and ventilator settings (ventilator mode) were collected 1 day after the ECMO initiation. Complications during ECMO support were also recorded from the case report form and inspection report.



Statistical Analysis

Continuous variables were expressed as median (median ± interquartile range) or mean (mean standard deviation). Categorical variables were expressed as frequency. Statistical analysis was performed using SPSS, tests exercised were Pearson’s test, Fishers’ exact test, non-parametric test, and logistic regression analysis. Use paired T-tests, paired non-parametric tests, and paired Chi-square analysis in the analysis of paired samples. Statistical analyses were performed with SPSS version 23. The R statistical software version 4.1.3 was used to perform the statistical analyses. The LASSO regression analysis was operated with the “glmnet” package. The p-value < 0.05 indicated statistical significance.




RESULTS

Over 3 years of the study period, 85 patients who had used ECMO were assessed for eligibility. Among the 85 patients, 35 patients presented exclusion criteria and 50 patients were included in the final analysis (Figure 1). A total of 40 (80%) patients were diagnosed with ICU-AW when discharged.
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FIGURE 1. Flow diagram of patients in study.



Baseline Characteristics of the Study Population

Baseline characteristics of the population were described in Table 1. VV-ECMO and VA-ECMO were most commonly used, there were 22 patients used VV-ECMO support and 27 patients used VA-ECMO support. Severe pneumonia and acute myocardial infarction were most common reasons for the ICU admission. Notably, APACHE II was comparable between 2 groups, patients with ICU-AW had higher APACHE II [13.9 (6.5–21.3) versus 21.1 (14.3–27.9), p = 0.005] compared with no ICU-AW.


TABLE 1. Baseline characteristics of the study population.
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Therapy Details During Intensive Care Unit Stay

Table 2 demonstrated the therapy details of the study population. The deep sedation time during ICU stay differed between 2 groups [2 (0–7) versus 6.5 (3–11), p = 0.005]. Meanwhile, the deep sedation time during ECMO support was comparable between 2 groups [1.5 (0–4) versus 4 (3–6), p = 0.01]. The ICU-AW group underwent sedation time at a median of 14.5 days whereas the no ICU-AW group underwent a median time of 8 days, but did not differ significantly in 2 groups. The lowest albumin levels differed between 2 groups [26.7 (23.8–29.5) versus 22.1 (18.5–25.7), p < 0.001]. However, the average glucose levels and insulin infusion were similar between 2 groups, including the percentage of patients reached goal calories and protein intake.


TABLE 2. Therapy details.
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Patients in the ICU-AW group experienced longer ventilation time during ICU stay [6.8 (2.6–9.3) versus 14.3 (6.6–19.3), p = 0.008]. Characteristics of mechanical ventilation did not differ significantly between 2 groups, such as the mode, settings of ventilator, and the percentage of tracheotomy. Mechanical ventilation duration before ECMO initiation did not statistically significant between ICU-AW and no ICU-AW group.

In both the ICU-AW and no ICU-AW populations, there were few people participating in rehabilitation, with 2 (4%) patients in no ICU-AW participating in rehabilitation training and 8 (16%) patients in ICU-AW patients participating in rehabilitation training. In the two groups, the time to start rehabilitation and the total time of rehabilitation treatment were not differed significantly, as well as the content of rehabilitation training.

In our analysis, the use of adrenaline during ICU stay was more common in ICU-AW group than in the no ICU-AW group, 26 patients with ICU-AW received adrenaline compared with 2 of patients with no ICU-AW, but they were not statistically significant. Other risk factors such as steroid use and the use of neuromuscular blockade agents did not differ significantly in our analysis. Moreover, there was no difference whether patients participate in rehabilitation exercises.



Extracorporeal Membrane Oxygenation Management

Extracorporeal membrane oxygenation parameters such as types of ECMO, rotating speed, gas speed, blood speed, fraction of inspiration O2, cannulation, and complications during ECMO operation were showed in Table 3. They were not comparable except the occurrence of infection and liver and kidney dysfunction during ECMO support. As compared to the no ICU-AW group, the ICU-AW group had higher percentage of infection during ECMO support [3 (6%) versus 31 (62%), p = 0.012] and liver and kidney dysfunction [2 (4%) versus 29 (58%), p = 0.007]. The length of ECMO duration appeared no significant difference in our research. Moreover, the ICU-AW group suffers greater financial burden.


TABLE 3. Extracorporeal membrane oxygenation management.
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LASSO Regression Analysis of Intensive Care Unit-Acquired Weakness

According to the results of the univariate analysis, we selected mechanical ventilation time, mechanical ventilation during ECMO operation, deep sedation time, deep sedation time during ECMO operation, liver and kidney dysfunction, infection during ECMO operation, APACHE II, SOFA, lowest albumin, and ECMO duration into the LASSO regression analysis. The five potential predictors with non-zero coefficients in LASSO analysis were selected, which included the duration of mechanical ventilation, duration of deep sedation, deep sedation time during ECMO operation, APACHE II, and lowest albumin level (Figure 2).
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FIGURE 2. LASSO regression analysis. Variable selection by LASSO binary logistic regression model. (A) Selection of tuning parameter (λ) in the LASSO regression using 10-fold cross-validation via minimum criteria. five variables with non-zero coefficients were selected by optimal lambda. (B) LASSO coefficient profiles for clinical features.




Comparison of the Occurrence of Intensive Care Unit-Acquired Weakness and Clinical Characteristics Between Patients With Extracorporeal Membrane Oxygenation Support and Without Extracorporeal Membrane Oxygenation Support

To explore whether ICU-AW occurs more frequently in the ECMO population than in the no ECMO population, we performed 1:1 matching of each ECMO patients with no ECMO patients. We found 35 patients in the no ECMO group suffered ICU-AW, 40 patients with ECMO suffered ICU-AW, but there were no significant differences between the two groups. However, we found lower lowest albumin level [23 (19.1–26.9) versus 24.58 (20.8–18.3), p = 0.025], higher average blood glucose level [9.7 (8.6–10.5) versus 8.2 (7.2–9.9), p = 0.017], longer duration of sedation [11.5 (5.8–19.3) versus 7.5 (4–14.3), p = 0.014], especially deep sedation time [6 (3–9.3) versus 3.5 (0.75–5), p < 0.001], and more hospitalization costs [363,231 (198,673–477,706) versus 123,768 (67,453–230,473), p < 0.001] in ECMO patients (Table 4).


TABLE 4. Comparison of the occurrence of ICU-AW and clinical characteristics between patients with ECMO support and without ECMO support.
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Logistic Regression Analysis for Predictors of Intensive Care Unit-Acquired Weakness in Combined Cohorts

In the combined cohorts, the clinical characteristics of ICU-AW and no ICU-AW patients were shown in Table 5. In order to further investigate the risk factors of ICU-AW and explore whether ECMO is an independent risk factor of ICU-AW. We performed a LASSO regression analysis and included the use of ECMO, age, APACHE II, SOFA, minimum albumin, average blood glucose, mechanical ventilation time, deep sedation time, sedation time, hospitalization time, and the use of norepinephrine in LASSO regression model (Supplementary Figure 1). The four related variables were selected for the logistic regression analysis, such as APACHE II, minimum albumin, mechanical ventilation time, and deep sedation time. We further performed logistic regression analysis on these four variables and found that they were independent risk factors for the occurrence of ICU-AW. According to logistic regression analysis of combined cohorts, lowest albumin odds ratio (OR: 1.9, p = 0.024), deep sedation time (OR: 1.9, p = 0.022), mechanical ventilation time (OR: 2.0, p = 0.034), and APACHE II (OR: 2.3, p = 0.034) were independent risk factors of ICU-AW, but not ECMO (Table 6).


TABLE 5. Clinical characteristics of combined cohorts.
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TABLE 6. Logistic regression analysis of combined cohorts.
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DISCUSSION

With the advancements in modern intensive care medicine, mortality of critically ill patients has decreased, however, at the cost of a growing incidence of ICU-AW (10). ICU-AW is known to have detrimental effects on both short-term and long-term clinical outcomes, identifying those who are at high risk of developing ICU-AW is important (7, 11). In our research, we find that the duration of mechanical ventilation, duration of deep sedation, deep sedation time during ECMO operation, APACHE II, and lowest albumin level were independent predictors of ICU-AW in patient with ECMO support.

Our study initially found that ECMO was not an independent risk factor for ICU-AW. But ECMO patients tend to have longer deep sedation time, and lower lowest albumin levels, which were independent risk factors for ICU-AW (5). According to LASSO regression analysis, long deep sedation time, low albumin, prolonged mechanical ventilation time, and high APACHE II were independent predictors of ICU-AW in ECMO patients. Logistic analysis of the combined cohorts also found that APACHE II, minimum albumin, mechanical ventilation time, and deep sedation time are independent risk factors for the occurrence of ICU-AW. These results suggested that deep sedation time, mechanical ventilation time, and albumin levels play a very important role in the occurrence of ICU-AW.

Our analysis shows ICU-AW patients received longer deep sedation time, but not light sedation time. Critically ill patients often receive sedative medications in the ICU, particularly when receiving mechanical ventilation or other invasive intubation, to decrease oxygen consumption, prevent the removal of the tubes and make patients to facilitate treatments and synchrony with the mechanical ventilator (12, 13). However, such deep sedation also makes patients immobile for significantly long periods of time (14). And this kind of deep and continuous sedation with subsequent immobilization can increase the risks of ICU-AW as well as prolonged mechanical ventilation time, which are associated with increased mortality and other negative consequences (9, 15, 16). Work by others finds that daily interruption of sedative infusions can decrease the mechanical ventilation duration and the length of ICU stay (17). Deep sedation in early mechanical ventilation time has been found to be associated with prolonged mechanical ventilation time and increased mortality (9). Therefore, it is of great significance to prevent ICU-AW in critically ill patients and avoid excessive sedation and choose appropriate sedation strategies for different diseases.

In our analysis, we found that ICU-AW patients had a longer mechanical ventilation time compared with no ICU-AW patients and it was independently associated with the occurrence of ICU-AW. Prolonged mechanical ventilation time is an independent risk factor of ICU-AW (11). Because of ventilator−induced diaphragmatic weakness and injury and longtime of immobility, ICU-AW is more likely to happen in patients who received long period of mechanical ventilation, leading to subsequent weaning difficulties and prolonged duration of mechanical ventilation, which can, in turn, increase the mechanical ventilation period and ICU-AW (11). The lengthy periods of ventilatory support contributed to a grip strength decrease in ICU patients, regardless of illness severity (18). ECMO provides important life support in critically ill patients, it improves oxygenation and facilitates protective and ultraprotective mechanical ventilation, minimizing ventilation-induced lung injury (18). Our research showed that the ICU-AW group had longer mechanical ventilation time among patients using ECMO support. Therefore, reducing the duration of mechanical ventilation and early extubation may help to reduce the risk of ICU-AW.

Our analysis shows that ICU-AW patients have lower lowest albumin levels and ICU-AW patients are older than no ICU-AW patients. This indicates that ICU-AW patients have worse nutritional conditions. Other research has also demonstrated that age is associated with the occurrence of ICU-AW (5). We found a higher incidence of ICU-AW in older patients, but it does not show a significant difference in the regression analysis. Early rehabilitation therapy has been shown to be an important mean of reducing the occurrence of ICU-AW, but there are no differences in the ICU-AW and no ICU-AW populations in terms of participation in rehabilitation, initiation and duration of rehabilitation, and patterns of rehabilitation in our experiments (19–22). It might be due to the very small number of people involved in rehabilitation and the fact that we started rehabilitation late in most patients. Other factors such as the use of steroids, the use of neuromuscular blocking agents, glucocorticoids, and rehabilitation didn’t show significantly different in our research, which may partly due to the small number of patients who receive these treatments.

Current treatments of ICU-AW mainly aimed to reduce the risk factors of ICU-AW, such as early rehabilitation, reducing the use of sedative drugs and reduce mechanical duration. However, these treatment methods have limited the outcomes and ICU-AW remains to be a serious clinical problem (5). There were several novel studies showed different methods to which may help to prevent the occurrence of ICU-AW. For example, recently reported clinical research found that obese patients were less likely to have ICU-AW (23). In animal models, ketone diester was found to attenuate skeletal muscle atrophy and inflammation-induced catabolism, which demonstrates the anti-catabolic effects of ketone bodies in muscle atrophy (24). A clinical study also revealed that the ketogenic diet has the potential to improve neurological outcomes for patients with various traumatic injuries (25).

There are some limitations with our research. First, our major limitation is the small number of included patients and this study is based on one center, this might introduce bias and may, therefore, limit the clinical application. Secondly, the dataset is examined retrospectively, which limits the comparison to other studies. Our study primary revealed the frequency and the clinical characteristics of ICU-AW in ECMO support patients. We hope more research to further identify the clinical characteristics and risk factors of ICU-AW in patients with ECMO support, to help in early recognition and treatment of ICU-AW.



CONCLUSION

The ICU-AW was common with a prevalence of 80% in ECMO population. Duration of mechanical ventilation, deep sedation time, deep sedation time during ECMO operation, APACHE II, and lowest albumin level were risk factors of ICU-AW in ECMO population. ECMO was not an independent risk factor of ICU-AW.
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Body-mass index, kg/m? 25.4 (22.1-29.5) 23.9 (20.2-26.1) 0.235
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Severe pneumonia (%) 0 (0%) 14 (28%)
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Interstitial pneumonia (%) 1(2%) 5 (10%)
Acute lung injury (%) 0 (0%) 1(2%
Myocarditis (%) 3 (6%) 2 (4%
cardiomyopathy (%) 1(2%) 2 (4%
COPD exacerbation (%) 2 (4%) 0 (0%
Pulmonary embolism (%) 0 (0%) 3 (6%
Pulmonary hypertension (%) 0 (0%) 1(2%
Pneumothorax (%) 0 (0%) 2 (4%
Asthma (%) 0 (0%) 1(2%
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No ICU-AW p-Value
ICU-AW (n=75)
(n =25)
ICU-AW 10 (10%) 40 (40%) 0.248
Age, years 47 (34-58) 60 (47-64) 0.006
BMI, kg/m? 24.8 235 0.292
(20.5-26.6) (20-26)
APACHE I 16.7 21 (14-28) <0.001
(8.8-22.5)
SOFA 8 (6-9) 9 (8-11) 0.039
Charlson comorbidity index 2(1-3) 2(1-3) 0.62
Lowest albumin 26.5 229 0.001
(23.4-29.6) (19.2-26.6)
Average blood glucose, 8.6 9.42 (7.63- 0.033
mmol/L (6.9-9.4) 10.54)
ICU duration, days 10 (6.9-13) 14 (8-26) 0.018
Mechanical ventilation time, 4 11.5 <0.001
days (0.24-8.9) (6.6-19)
Sedation time, days 0 (0-3.5) 539 <0.001
Deep sedation time, days 3(0-8 4 (1-12) 0.193
Deep sedation time, days 4 11 (6-19 0.001
(1.5-10.5)
Tracheotomy (%) 1(1%) 15 (156% 0.115
Diabetes (%) 5((5% 12 (12%, 0.645
Patients receiving insulin 7 (7% 33 (33%, 0.157
infusion (%)
Glucocorticoid (%) 11 (11%) 42 (42%, 0.298
leuromuscular blockers 1(1% 8 (8%) 0.545
%)
orepinephrine (%) 19 (19%) 71 (71% 0.007
Adrenaline (%) 7 (7% 37 (37%, 0.063
CU cost, yuan 103,311 287,645 <0.001
(60,090- (154,936-
200,735) 453,389
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