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Abstract 

Background: Muscle weakness is exceedingly common in critical illness patients and is well 

described. However, information on the risk factors of muscle weakness in critically ill patients who 

received extracorporeal membrane oxygenation (ECMO) support are lacking. Our study aims to 

clarify the risk factors of ICU-acquired weakness (ICU-AW) in ECMO patients to help early 

recognize potential weakness. 

 

Methods: We conducted a retrospective study of critical ill patients who used ECMO during their 

ICU stay. ICU-AW was diagnosed at the time when patients discharged and had a muscle strength 

sum score < 48 out of a maximal score of 60. Baseline characters and therapy details were collected 

from the case report form and inspection report. Univariable analysis and logistic analysis were used 

to analyze clinical characteristics of individuals. 

 

Results: 63 patients receiving ECMO support were divided to ICU-AW group and no ICU-AW 

group according to the Medical Research Council (MRC) score when discharged. A total of 50 of 

the 63 patients were diagnosed with ICU-AW. On logistic regression analysis, the use of adrenaline 

apparently increased the odds of developing ICU-AW (OR=6.8,95%CI 1.19-38.92, p=0.032), and 

it was independent of all other established risk factors for ICU-AW. Meanwhile, the occurrence of 

infection during ECMO support significantly increased the risks of ICU-AW (OR=7.3,95% CI 1.28-

41.24, p=0.025) and was independently associated with the outcome of ICU-AW. Other factors such 

as mechanical ventilation duration, steroid use and neuromuscular blockade did not differ 

significantly between the groups in our analysis. 

 

Conclusion: Infection during ECMO support and use of adrenaline were found independently 

associated with the development of ICU-AW. 
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Introduction 

ECMO is increasingly being used worldwide in recent years as a rescue therapy for critical ill 

patients[1]. Though ECMO has almost become standard care as a therapy in critical 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 previous studies, ICU-AW can occur in critical ill patients several days after ICU 

admission and muscle loss can exceed 10% on the first week in ICU[3,5]. Muscle strength and mass 

reduction are common and 43% of critical ill patients have suffered muscle strength decrease[4,5].It 

leads difficulty in weaning off mechanical ventilation, which in turn increase the risk of ICU-AW 

and diagram dysfunction[6,7]. Moreover, ICU-AW increases long-term and short-term mortality 

rate and decreases the life quality when discharged hospital[8].  

ICU-AW is a usual complication in critical ill patients with a prevalence of 43% (interquartile 

range 25–75%) [5,9]. Patients with ECMO support always suffers 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 are more vulnerable to muscle weakness. 

 Few studies to review the risk factors of ICU-AW in patients following ECMO support. The 

goal of our study is to find the risk factors of ICU-AW in ECMO support individuals. We herein 

collect clinical information of our patients and analyze their characteristics, hoping to provide some 

clinical reference for our colleagues. We hypothesize that ICU-AW is frequent in patients following 

ECMO support and it might relate to infection during ECMO support and the use of adrenaline but 

is not associated with ECMO days, the use of neuromuscular block agents and use of steroid. 

 

 

 

 

 

 

 



Methods 

Study design and setting 

We conducted a retrospective study of critical ill patients who use ECMO during their ICU stay. 

Patients were recruited from the general ICU of the second affiliated hospital of Zhejiang University, 

between the years 2017 and 2020. 

Patients 

Patients over 18 years old who had received ECMO therapy during ICU stay were eligible for 

inclusion criteria in the study. Exclusion criteria were patients who had been proven or suspected 

neurological impairment, using ECMO less than 24 hours, severe head or spinal cord injury and 

pregnant woman.  

Limb Muscle Strength 

Muscle strength was assessed by physical and occupational therapists on hospital discharge. 

The strength of muscle of included patients were assessed by MRC score, using a scale from 0 to 5.  

ICU-AW was diagnosed at the time 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 was collected immediately which included gender, 

age, BMI score, SOFA score, APACHE II score, reasons for admitted to ICU. Therapy details were 

recorded as well, time and depth of sedation, nutrition and glycaemic control condition, ventilator 

settings and duration, drug details and rehabilitation information were included. The RASS score 

was recorded every hour when patients were under sedation, excepting the patients were undergoing 

rescue, physical therapy or undergoing some clinical treatment such as bronchoscopy and intubation. 

The actual calories and protein intake were recorded in patients used enteral nutrition except 1 

patient in ICU-AW group used parenteral nutrition. The goal calories were 25-30kcal/kg and the 

goal protein intake was 1.2-2.0g/kg. ECMO settings (types of ECMO, rotating speed, gas speed, 

blood speed, fraction of inspiration O2) and ventilator settings (highest PEEP, ventilator mode) were 

collected 1 day after 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 pearsons test, fishers exact test, non-parametric test and 

logistic analysis; statistical significance was assumed at the five percent level. Statistical analyses 

were performed with SPSS version 23. 

 

 

Results  

Over 3 years of the study period, 85 patients who had used ECMO were assessed for eligibility. 

Among the 85 patients, 22 patients presented exclusion criteria and 63 patients were included in the 

final analysis (Fig 1). A total of 50(79%) patients were diagnosed with ICU-AW when discharged. 

Baseline characteristics of the study population 

Baseline characteristics of the population are described in Table 1. VV-ECMO and VA-ECMO 

were most commonly used, there were 31 patients using VV-ECMO support and 29 patients using 

VA-ECMO support. The number of users of different types of ECMO was shown in Fig 2. Severe 

pneumonia and acute myocardial infarction were most common reasons for ICU admission. Notably, 

APACHE II score and SOFA score were comparable between 2 groups, patients with ICU-AW had 

higher APACHE II score (14(9-19.5) versus 19(16-25.5), p=0.005) and SOFA score (7.5(6-10.5) 

versus 11(8-13), p= 0.005) compared with no ICU-AW. 

Therapy details during intensive care unit stay  

Table 2 demonstrated the therapy details of the study population. The median RASS score 

during ICU stay differed between 2 groups (-2.3(-3.0- -1.4) versus -2.9(-3.6- -2.3), p=0.013). The 

ICU-AW group underwent sedation time at a median of 211.6 hours whereas no ICU-AW group 

underwent a median time of 132.3 hours, but did not differ significantly in 2 groups. Meanwhile, 

average glucose levels and insulin infusion was similar between 2 groups, including the percentage 

of patients reached goal calories and protein intake. 

Patients in ICU-AW group experience longer ventilation time during ECMO operation 

(3.70(2.3-5.5) versus 5.80(3.3-10.9), p=0.037). The median duration of mechanical ventilation did 

not differ significantly between 2 groups. Meanwhile, characteristics of mechanical ventilation did 

not differ significantly between 2 groups, including the mode, settings of ventilator, the highest 

PEEP level and the percentage of tracheotomy. Mechanical ventilation duration of no ICU-AW 



group was shorter compared with ICU-AW but did not statistically significant. The median 

mechanical ventilation days from start of ventilation until initiation of ECMO was 0.24d and 0.39d 

and there were not comparable between 2 groups.  

Notably, the use of adrenaline during ICU stay was more common in ICU-AW group than in 

no ICU-AW group. 88% patients with ICU-AW received adrenaline compared with 38.5% of 

patients with no ICU-AW (5(38.5%) versus 44(88%), p= 0.001). Other risk factors such as steroid 

use and use of neuromuscular blockade agents did not differ significantly in our analysis. Moreover, 

there is no difference whether patients participate in rehabilitation exercises.  

ECMO management  

ECMO parameters including types of ECMO, rotating speed, gas speed, blood speed, fraction 

of inspiration O2, cannulation and complications during ECMO operation were showed in Table3 

They were not comparable except the occurrence of infection and liver and kidney dysfunction 

during ECMO support. As compared to no ICU-AW group, ICU-AW group had higher percentage 

of infection during ECMO support (4(30.8%) versus 36(72%), p=0.015). The percentage of awake 

ECMO and the median length of ECMO duration appeared no significant difference in our research. 

Logistic regression analysis of ICU-AW 

    Table 4 showed the logistic regression of ICU-AW. Based on the univariable analysis, the 

following variables were included in the multivariable analysis: APACHE II score, average RASS 

score, infection during ECMO use, mechanical ventilation time during ECMO use and the use of 

adrenaline. Among all these variables, the use of adrenaline was associated more than 6.8 folds 

increase in the odds of developing ICU-AW. The occurrence of infection during ECMO operation 

significant increase the risk of develop ICU-AW (OR=7.3,95% CI 1.28-41.24, p=0.025). 

 

 

Discussion 

With the advancements in modern intensive care medicine, mortality of critical 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 at 

high risk of developing ICU-AW is important[8,11].In our research, we show in a population of 

critical ill patients that the use of adrenaline and occurrence of infection are closely associated with 



the development of ICU-AW when discharged.  

We showed in a population of critical ill patients with ECMO support, there was higher 

proportion of adrenaline use in ICU-AW group, the use of adrenaline significantly increased the risk 

of developing ICU-AW. Recently also reported findings identified that the use of catecholamine 

associated closely with the occurrence of ICU-AW[12]. Other adverse effects of adrenaline had been 

observed such as pulmonary edema, thrombus formation, gastrointestinal hypoperfusion, 

stimulation of bacterial growth and skeletal muscles apoptosis[13].  

Previous researches indicated that the use of adrenaline was independently associated with the 

occurrence of cardiac events[14]. Skeletal muscle also a kind of muscle tissues, it is likely that 

adrenaline may affect skeletal muscle in some way. In animal models, catecholamines were found 

to induce myocyte apoptosis in the soleus muscle[15]. Moreover, isoproterenol and adrenaline 

produced most significant skeletal muscle toxicity of all adrenergic agents[13]. Catecholamines 

function by stimulation of α‐ and β‐adrenergic receptors. In skeletal muscle, it expresses β1‐ and 

β2‐adrenergic receptor and β2‐adrenergic receptor is the predominant isoform[16]. So β2‐adrenergic 

receptors respond more strongly to adrenaline and it may account for the muscle toxicity of 

adrenaline. This indicates that adrenaline, maybe an independent risk factors associated with the 

ICU-AW, having a direct effect on the development of muscle weakness in critical ill patients. 

In our analysis, infection during ECMO operation was an independent risk factor for the 

development of ICU-AW. Sepsis and multiple organ failure were considered associated with 

neuromuscular complications. Approximately 47%-70% of patients admitted to ICU for sepsis or 

multiple organ failure developed axonal motor-sensory damage with 1-3 weeks[17]. Apart from 

nerve injury, muscle mass reduction and decreased muscle strength were important features of ICU-

AW[6]. Increased loss of protein and decreased muscle protein synthesis might account for the 

decreased muscle strength and muscle mass reduction[6,18]. The potential mechanisms of protein 

reduction may through ubiquitin–proteasome system and autography[10,19]. Muscle satellite cell 

injury was found in sepsis-induced muscle weakness and might account for the failure of muscle 

regeneration in critical ill patients[20,21]. 

Though there is no effective way to rescue muscle weakness in patients with severe infection[6]. 

Clinical research found that obese patients are less likely to have ICU-AW[22]. In animal models, 

ketone diester was found to attenuate skeletal muscle atrophy and inflammation-induced catabolism, 



which demonstrating anti-catabolic effects of ketone bodies in muscle atrophy[23]. Clinical study 

also revealed that ketogenic diet has the potential to improve neurological outcomes for patients 

with various traumatic injuries[24]. Thus, we hypotheses that ketone bodies may be beneficial to 

prevent the development of muscle weakness in critical ill patients. Muscle satellite cells are found 

to experience injury in sepsis-induced muscle weakness, which result in regeneration damage and 

influence muscle strength recovery. In animal models, stem cell therapy is found to restore 

mitochondrial function and improving muscle fiber tension[21].  

Other risk factors such as mechanical ventilation time during ECMO operation differed 

between 2 groups but was not independently associated with the development of ICU-AW. The use 

of steroid and the use of neuromuscular blocking agents didn’t show apparent significant in our 

research. We primary revealed the risk factors in critical ill patients using ECMO support and found 

the use of adrenaline and infection during ECMO support independently associated with the 

development of ICU-AW.  

This study has a number of limitations. First, our major limitation is the small number of 

included patients. Secondly, the data set is examined retrospectively, which limits the comparison 

to other studies. More clinical researches are needed to identify the risk factors and clinical 

characteristics of ICU-AW in patients with ECMO support to help early identify ICU-AW. 

 

Conclusion 

In our analysis, infection during ECMO support and use of adrenaline were found 

independently associated with the development of ICU-AW. 
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ICU: Intensive care unit 
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Figure 1

Flowchart of the study



Figure 2

Users of different types of ECMO
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