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Abstract 

Background: 
Intensive Care Unit-Acquired Weakness (ICU-AW) is characterized by muscle weakness that 
may result from critical illness polyneuropathy (CIP), critical illness myopathy (CIM), or a 
combination of both. This condition is a frequent complication that increases mortality and 
hospital length of stay, and contributes to post-intensive care syndrome, leading to long-term 
cognitive and physical dysfunction. Early diagnosis is crucial, as muscle mass loss and 
electrophysiological alterations can occur within the first 10 days of hospitalization. Muscle 
ultrasound has been used to support early detection, since electrophysiological tests are costly 
and not always available. Peripheral nerve ultrasound emerges as an effective alternative for 
differentiating between CIM and neuropathy. This study aims to evaluate the feasibility of 
quadriceps muscle and peripheral nerve ultrasound as assessment tools for physical 
therapists in the critical care setting, as well as their inter-rater reliability, with the goal of 
facilitating early diagnosis and timely therapeutic strategies in hospitalized patients. 

Methods: 
This study will be conducted in patients admitted to the critical care unit at Clínica INDISA. 
Inter-rater reliability will be assessed using the intraclass correlation coefficient (ICC) across 
several quadriceps muscle and peripheral nerve ultrasound variables, as measured by three 
experienced physical therapists. Variables will include anterior quadriceps complex thickness, 
cross-sectional area (CSA) of the rectus femoris and vastus intermedius (transverse view), 
and pennation angle of the vastus lateralis (longitudinal view). For peripheral nerve ultrasound, 
CSA and echogenicity will be evaluated. Echogenicity will be analysed using ImageJ software. 
Inter-rater agreement of the MRC Sum Score (MRC-SS) and the Functional Status Score for 
the ICU (FSS-ICU) will also be assessed using Kendall’s W coefficient. Finally, ultrasound 
findings will be correlated with clinical scale scores using Pearson or Spearman correlation 
coefficients, as appropriate. All procedures will comply with bioethical standards and be 
approved by the Research Ethics Committee of Clínica INDISA. 

Expected Results: 

We expect to find sufficient inter-rater agreement in quadriceps and peripheral nerve 
ultrasound measurements performed by physical therapists in the ICU setting. Additionally, 
MRC-SS and FSS-ICU scale results are expected to demonstrate reliable agreement and 
correlate with the ultrasound findings. 

 

 

 

 

  



 
 

Introduction 

ICU-AW is a neuropathy and/or myopathy characterized by symmetrical proximal-predominant 

muscle weakness1,2, without involvement of facial or ocular muscles2,3, and may affect 

respiratory muscles3,4, leading to diaphragmatic dysfunction associated with mechanical 

ventilation (VIDD) and difficulty weaning from ventilatory support5. CU-AW may be triggered 

by a) a neurogenic disorder known as critical illness polyneuropathy (CIP); b) a muscular 

disorder known as critical illness myopathy (CIM); and/or c) the coexistence of both3,6–9.  CIP 

is an acute, acquired sensory-axonal neuropathy caused by peripheral nerve inflammation5,10. 

CIM is characterized by alterations in muscle mass and contractility6,12, and presents 

pathognomonic features such as preserved sensation, elevated creatine kinase levels10, and 

most notably, preferential loss of myosin relative to actin in muscle biopsy samples5,11,12. Since 

muscle atrophy and impaired contractility are the main features associated with increased 

mortality13–17 and physical disability18,19, most studies have focused on CIM and skeletal 

muscle degradation pathways20

Importance of ICU-AW 

ICU-AW is a common complication in critically ill patients16,21,22 and is associated with 

increased mortality8,10,21,23–25, prolonged hospital stays8,9,23,25, longer duration of mechanical 

ventilation9,24, higher healthcare-related costs, and reduced long-term physical function and 

quality of life8,9,21,24,26. Moreover, this condition can progress into post-intensive care syndrome 

(PICS), which may result in persistent cognitive, mental, and physical dysfunction3,25,27. A 

multicentre study conducted in Chile evaluated the functional and cognitive sequelae of PICS 

in patients who experienced critical illness due to COVID-19, determining that a high 

percentage of survivors will present some degree of disability after hospital discharge28. 

Therefore, early identification of ICU-AW is crucial to designing both pharmacological 

and non-pharmacological therapeutic strategies.

Diagnosis of ICU-AW 



 
 

Regarding the diagnosis of critical illness myopathy (CIM), there are strategies available for 

both cooperative and non-cooperative patients2.

Medical Research Council Sum Score (MRC SS) 

Clinical quantification of muscle strength in awake and cooperative patients is commonly 

performed using the Medical Research Council Sum Score (MRC-SS)2,8,29.  his score assigns 

a value from 0 (no muscle contraction) to 5 (normal strength) to each of 12 muscle groups. 

These include muscles responsible for shoulder abduction, elbow flexion, wrist extension, hip 

flexion, knee extension, and ankle dorsiflexion, all evaluated bilaterally30. A score of ≤48 

indicates the presence of muscle weakness, while a score below 36 indicates severe 

weakness 3,29,31. However, this scale has several limitations. First, it does not identify the 

underlying cause of weakness and cannot distinguish between CIP and CIM. Moreover, 

it requires patients to be fully awake and cooperative—criteria that many ICU patients do not 

meet30. Although most studies have reported good reproducibility in critically ill patients32–35, 

further research is still needed to support this assertion.

Electrophysiology 

Another important aspect is the differential diagnosis between CIM and CIP. 

Electrophysiological evaluation is also used to diagnose ICU-AW and can be applied in 

unconscious or uncooperative patients, as well as to differentiate between CIP and CIM31,36. 

Nerve conduction studies assess the reduction of the compound muscle action potential 

(CMAP). In cases where CIP and CIM coexist, sensory nerve action potentials (SNAPs) may 

also be reduced, while nerve conduction velocity is typically normal or only slightly 

decreased37. Both CIP and CIM may show spontaneous electrical activity on 

electromyography (EMG). Voluntary muscle contraction—requiring patient cooperation—or 

more complex electrophysiological methods such as direct muscle stimulation can be used to 

differentiate between CIP and CIM38. However, these techniques do not allow for early 

diagnosis during the initial phase of ICU-AW development. Full electrophysiological testing 



 
 

is often unavailable in many ICUs, is time-consuming, and costly 30. Furthermore, the 

clinical significance of electrophysiological abnormalities in the absence of muscle weakness 

remains unclear37.

Biopsies 

Nerve and muscle biopsies can provide valuable mechanistic insights and allow for differential 

diagnosis between CIP and CIM. However, biopsy is an invasive procedure and is not 

recommended for routine clinical use; it is therefore advised only within the context of scientific 

research29,31. 

Imaging-Based Diagnosis of ICU-Acquired Weakness 

In non-cooperative patients, various imaging techniques have been used to assess muscle 

mass as a surrogate for muscle strength in the diagnosis of ICU-AW. Computed tomography 

(CT) and magnetic resonance imaging (MRI) allow for visualization of muscle quality, detection 

of fatty infiltration, and quantification of lean muscle mass 15; However, these are high-cost 

techniques that require specialized personnel and software15,31. Quadriceps muscle 

ultrasound is considered the most promising approach, as it enables rapid and 

repeatable bedside assessments, allowing the evaluation of both muscle quantity 

(muscle thickness, anatomical and physiological cross-sectional area) and quality 

(echogenicity and muscle architecture)17,31,39.

Muscle Ultrasound 

Diagnosis of CIM through muscle ultrasound is based on changes in ultrasound-derived 

variables within 7 to 10 days of critical illness onset. These changes include a 20% decrease 

in muscle thickness, a 10% reduction in cross-sectional area, a 5% decrease in pennation 

angle, and an 8–10% increase in echogenicity16,17,39. Regarding percent changes in ultrasound 

parameters over time, a study by Formenti et al. reported a significant decrease in pennation 

angle within the first 7 days of critical illness among patients who developed ICU-acquired 



 
 

weakness 40. Additionally, increased echogenicity of the rectus femoris during the first 7 days 

of ICU stay has been shown to be a predictor of ICU-AW17. 

Early diagnosis is crucial, as protein degradation, muscle mass loss41,42, y and 

electrophysiological alterations43 occur within the first 10 days in the ICU. Given the 

importance of early detection, some critical illness severity scores have been used alongside 

ultrasound evaluation to raise suspicion and consider the presence of this clinical condition44–

47. However, further research is needed to support this strategy. 

Differential Diagnosis Between CIM and CIP Using Ultrasound 

As previously mentioned, the differential diagnosis between CIM and CIP has traditionally 

been made using electrophysiological evaluation2. However, this method is not available in 

all centres and is rarely feasible at the bedside. 

D Since various neuropathies have been assessed using ultrasound48 this technique has been 

proposed as an alternative approach to address this challenge49. In a study by Gruber et al.49, 

the Ultrasonic Pattern Sum Score (UPSS)50 was used to demonstrate that peripheral nerve 

ultrasound can differentiate between pure CIM and neuropathy in ICU-AW patients, with a 

sensitivity of approximately 84%49. Although the authors noted that this method does not 

distinguish between sensory and motor neuropathy, peripheral nerve ultrasound emerges as 

a reliable tool for identifying neuropathy in these patients49. This strategy could facilitate the 

detection of neuropathy in ICU-AW and aid in identifying its coexistence with CIM. However, 

further studies are needed to validate and strengthen this approach. 

Based on the aforementioned evidence, although several strategies exist for diagnosing ICU-

acquired weakness (ICU-AW), there remains a pressing need to promote early detection, as 

muscular alterations41,42 occur within the first days of critical illness. One promising solution is 

the validation of muscle and peripheral nerve ultrasound to detect ICU-AW at an early stage. 

This would allow for a more accurate differential diagnosis and facilitate the selection 

of the most appropriate therapeutic strategy. 



 
 

This pilot study aims to assess the usefulness and inter-rater reliability of ultrasound 

in the early diagnosis of ICU-acquired weakness, as well as the consistency of 

standardized clinical assessment scales. The results will support the validation of 

physical therapists as qualified operators for future research projects and contribute 

to strengthening physiotherapy interventions for hospitalized patients in critical care 

settings. 



 
 

Hypothesis 

Considering the aforementioned background, the hypothesis of this research project is: 

Quadriceps muscle and peripheral nerve ultrasound is a feasible technique for 

physical therapists in the critical care unit and demonstrates good inter-rater 

reliability. 

General Objective 

To assess the feasibility of quadriceps muscle and peripheral nerve ultrasound as a technique 

for physical therapists in the critical care unit, as well as to determine its inter-rater 

reliability. 

Specific Objectives 

• SO1: To evaluate the inter-rater variability of quadriceps muscle ultrasound 

measurements performed by physical therapists in the critical care unit. 

• SO2: To assess the feasibility and inter-rater variability of peripheral nerve ultrasound 

in the same clinical setting. 

• SO3: To evaluate the inter-rater variability of the MRC-SS and FSS-ICU clinical scales 

and correlate their results with findings from quadriceps muscle and peripheral nerve 

ultrasound. 



 
 

Study Design 

SO1: To evaluate the inter-rater variability of quadriceps muscle ultrasound 

measurements performed by physical therapists in the critical care unit. 

Rationale: ICU-AW is a frequent complication in critically ill patients16,21,22, associated with 

prolonged hospital stays8,9,23,25, increased mortality8,10,21,23–25, higher healthcare costs, and 

long-term functional impairments8,9,21,24,26. Protein degradation and muscle mass loss can 

begin within the first 10 days of critical illness41,42 , highlighting the importance of early 

diagnosis. In non-cooperative patients, quadriceps muscle ultrasound has been proposed as 

an effective tool for early detection of ICU-AW44–47.  Although ultrasound has shown good 

inter-rater reliability 51–54, these findings mostly reflect the consistency of the method itself, not 

of the individual operators—underscoring the need to validate operator reliability. 

Experimental Approach: To address this objective, inter-rater variability will be assessed 

using the intraclass correlation coefficient (ICC) for various quadriceps muscle ultrasound 

variables, measured by three physical therapists experienced in the technique. In the 

transverse view, the following variables will be assessed: anterior quadriceps complex 

thickness, rectus femoris thickness, vastus intermedius thickness, and their respective cross-

sectional areas (CSA). In the longitudinal view, the pennation angle of the vastus lateralis 

fibers relative to the superficial aponeurosis of the vastus intermedius will be evaluated. In 

addition, echogenicity will be assessed using histogram analysis via ImageJ software. 

Expected Results: We anticipate sufficient inter-rater agreement in quadriceps muscle 

ultrasound measurements performed by physical therapists in the critical care unit. 

SO2: To assess the feasibility and inter-rater variability of peripheral nerve ultrasound 

in the same clinical setting. 

Rationale: Although the differential diagnosis between CIM and CIP is commonly performed 

using electrophysiological assessment31,36, this tool is not widely available in all healthcare 

centres and is even less accessible at the patient’s bedside. To address this limitation, 



 
 

peripheral nerve ultrasound has been proposed as a strategy to evaluate changes in cross-

sectional area (CSA) and echogenicity in specific peripheral nerve segments49. 

Experimental Approach: To address this objective, inter-rater variability will be assessed 

using the intraclass correlation coefficient (ICC) for various peripheral nerve ultrasound 

variables evaluated by three physical therapists who have received recent training in the 

technique. The variables to be analysed will include the cross-sectional area (CSA) and 

echogenicity of peripheral nerves, the latter of which will be evaluated using histogram 

analysis in ImageJ software. 

Expected Results: We expect to observe sufficient inter-rater agreement in the peripheral 

nerve ultrasound measurements performed by physical therapists in the critical care unit.

SO3: To assess the inter-rater variability of the MRC-SS and FSS-ICU scales, and to 

correlate their results with findings from muscle and peripheral nerve ultrasound. 

Rationale: The Medical Research Council Sum Score (MRC-SS) is the most commonly used 

tool to assess muscle strength in cooperative critically ill patients and is employed to diagnose 

both critical illness myopathy and ICU-acquired weakness (ICU-AW)2. The Functional Status 

Score for the ICU (FSS-ICU) evaluates patients' physical functionality during ICU stay2. 

Although both scales have demonstrated good inter-rater reliability32,55,56, this reliability 

primarily refers to the measurement method and not to the evaluators themselves, 

underscoring the need to validate this aspect. Given that muscle mass loss begins within the 

first 10 days of critical illness and that severely ill patients are often unable to participate in 

scale-based evaluations due to impaired consciousness, quadriceps muscle ultrasound has 

been proposed as an early detection strategy for ICU-AW. Additionally, ultrasound findings 

indicative of muscle alterations—such as increased echogenicity—may correlate with poorer 

functional outcomes on the MRC-SS and FSS-ICU scales. 

Experimental Approach: To address this objective, inter-rater variability for the MRC-SS and 

FSS-ICU scales will be assessed using Kendall’s coefficient of concordance (W) among three 

physical therapists. The findings from these clinical scales will be correlated with muscle and 



 
 

nerve ultrasound parameters using Pearson or Spearman correlation coefficients, depending 

on the distribution of the variables. 

Expected Results: We expect to find sufficient inter-rater agreement in the MRC-SS and 

FSS-ICU scores evaluated by physical therapists in the critical care unit. Additionally, we 

anticipate that these clinical scores will correlate with ultrasound findings. 

General Methodology 

Study Design 

This is a quantitative, analytical, non-experimental, and cross-sectional study. 

Patients 

Inclusion criteria: Adult patients admitted to the Critical Care Unit who are able to provide 

informed consent and sign the corresponding consent form will be selected. 

Exclusion criteria: For ultrasound assessments, patients with a known allergy to ultrasound 

gel or a body mass index (BMI) ≥ 30 will be excluded. For the MRC-SS and FSS-ICU scale 

assessments, exclusion criteria include a history of malnutrition or cachexia, pre-existing 

neuromuscular disorders, coagulopathies (such as severe liver disease or continuous 

dialysis), thrombocytopenia <20,000/μL, lower limb amputations, lower limb fractures, ongoing 

chemotherapy, pregnancy, uncontrolled epileptic status, or prolonged corticosteroid use. 

All enrolled patients will undergo quadriceps and peripheral nerve ultrasound assessments, 

as well as evaluation using the MRC-SS and FSS-ICU scales. While the timing of these 

evaluations may vary, all assessments will be performed on the same day. Safety criteria will 

follow the expert consensus guidelines established by Hodgson et al. 57,  and include 

continuous monitoring of clinical parameters such as hemodynamic and respiratory variables.

Clinical Recruitment Site 

All patients will be recruited from the Adult ICU of Clínica INDISA. Each enrolled participant 

will have a clinical file in which all relevant clinical data will be recorded. All patient information 

will be kept strictly confidential. 



 
 

 

Sample Size Calculation 

The sample size was determined based on the intraclass correlation coefficient (ICC), which 

evaluates agreement between continuous quantitative variables and requires a larger sample 

size than Kendall’s W coefficient. These continuous variables include measurements obtained 

from quadriceps muscle ultrasound (cross-sectional area [CSA], muscle thickness, pennation 

angle) and peripheral nerve ultrasound (CSA and echogenicity). Assuming 80% power, a two-

sided alpha of 0.05, a 10% attrition rate, three raters, a minimum acceptable ICC of 0.6, and 

an expected ICC of 0.8—as reported in previous studies51,53, the required sample size is 37 

patients.

Evaluators 

The methodology involves the assessment of quadriceps muscle ultrasound and the MRC-SS 

and FSS-ICU scales by physical therapists working in the Critical Care Unit at Clínica INDISA. 

All evaluators either have experience or are currently undergoing training in these methods. 

Statistical Analysis 

To assess inter-rater reliability among physical therapists, ICC and Kendall’s W coefficient will 

be applied. Results will be visualized using Bland–Altman plots. A p-value <0.05 will be 

considered statistically significant. Correlation between the results of Objectives 1 and 2 with 

those of Objective 3 will also be assessed. Depending on the distribution of variables 

(analysed using the Shapiro–Wilk test), Pearson or Spearman correlation coefficients will be 

used. All statistical analyses and graphics will be conducted using R Studio and Stata 

software. 

Ultrasound Procedures 

Quadriceps Muscle Ultrasound 

For the transverse measurement, patients will be placed in the supine position with the knee 

joint in a neutral resting position. A line will be drawn from the anterior superior iliac spine 

(ASIS) to the superior border of the patella, and the measurement site will be located at the 



 
 

junction between the middle and lower thirds of this line. At this site, the thickness of the 

anterior quadriceps compartment, rectus femoris (RF), and vastus intermedius (VI), as well as 

their cross-sectional areas (CSA), will be measured. Images will also be acquired for 

echogenicity analysis using ImageJ software. For longitudinal measurements, the probe will 

be positioned 5 cm lateral to the transverse measurement point to evaluate the pennation 

angle of the vastus lateralis fibers on the superficial aponeurosis of the vastus intermedius. All 

ultrasound examinations will be performed using a linear transducer (4–12 MHz) on a 

Sonosite™ system. 

Peripheral Nerve Ultrasound 

Peripheral nerve segments will be assessed using a standardized protocol at predefined 

anatomical sites. The ultrasound probe will be positioned perpendicular to the nerve path to 

minimize measurement error of CSA. Cross-sectional areas will be determined by manually 

tracing the nerve’s contour, including the epineurium. Echogenicity changes—indicative of 

neuropathy—will also be evaluated. Based on literature evidence regarding accessibility and 

changes seen in critical illness polyneuropathy (CIP), the following nerves will be evaluated: 

a) Median nerve: upper arm, cubital fossa (medial to the brachial artery), and mid-forearm 

b) Ulnar nerve: mid-arm (medial) and mid-forearm 

c) Fibular nerve: proximal popliteal fossa 

d) Tibial nerve: proximal popliteal fossa and ankle (near the flexor tendons at the medial 

malleolus) 

Ultrasound will be performed using a linear transducer (4–12 MHz) on a Sonosite™ system. 

 

 

Ethical Considerations 

Social Value 

ICU-acquired weakness (ICU-AW) is characterized by muscle atrophy and impaired 

contractility, conditions that contribute to increased mortality13–17, prolonged hospital stays 

8,9,23,25, longer durations of mechanical ventilation 9,24, higher healthcare-related costs 8,9,21,24,26 



 
 

and greater long-term physical disability 18,19. Given that muscle protein degradation and 

electrophysiological abnormalities occur within the first 10 days of ICU stay 42,43, early and 

timely rehabilitation is critical in critically ill patients. Therefore, the identification of diagnostic 

strategies is essential to enable early detection and the development of targeted 

pharmacological and non-pharmacological therapeutic interventions. Research into critical 

illness myopathy and neuropathy could ultimately benefit the broader population by informing 

public policies that support expanded physical therapy and rehabilitation programs in intensive 

care units across the country.  

Protection of Vulnerable Populations  

This study focuses on validating evaluations conducted by physical therapists and, as a pilot 

project, will include only patients who are cognitively able to provide informed consent. 

Therefore, it does not involve any inherently vulnerable populations. Moreover, the study is 

free from biases related to sex, race, or age. 

Adverse Events  

Ultrasound evaluation, which is a routine procedure in ICU settings 58, will be used in this study. 

Although rare, cases of contact dermatitis due to ultrasound gel have been reported 59–64. 

Accordingly, the skin at the site of ultrasound evaluation will be monitored after each session. 

Additionally, the exclusion criteria proposed in this study aim to minimize the likelihood of 

adverse events.  

Risk/Benefit Ratio  

The potential for significant risks is minimized by the defined exclusion criteria. Physical 

therapy assessments performed by kinesiologists in the ICU at Clínica INDISA are routine 

procedures carried out under strict safety criteria in accordance with current literature57.  

Obtaining additional neuromusculoskeletal assessment data on hospitalized ICU patients may 

enhance early detection of ICU-AW, allowing attending physicians to address this condition 

with an integrated and multidisciplinary approach. 

 

 



 
 

Privacy Protection  

All information collected will be securely stored by the principal investigator. Participant data 

will be recorded in an Excel spreadsheet, and results will be presented anonymously. No 

identifying information will be disclosed or shared with third parties. 

Ethical Oversight  

Any issues that arise during the study or any amendments to the protocol will be reported to 

the ethics committee. In accordance with Article 10 of Chilean Law No. 20.120, “Any serious 

adverse event that occurs during the study must be reported by the investigator to the Ethics 

Committee and the Director of the institution where the study is being conducted.” Feasibility 

This study has the full support of the Adult Critical Care Unit at Clínica INDISA, which will serve 

as the recruitment site from the second semester of 2024 through the end of 2025. No external 

funding is required for its implementation.  
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