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______________________________________________________________________________ 

Abstract: 

Purpose: Intensive care unit acquired weakness (ICUAW) has a negative impact on functional 

outcome and mortality. We aim to determine the incidence of ICUAW in septic ICU patients and 

to explore its significant correlations with clinical and laboratory findings. Patients and 

Methods: We included forty ICU patients diagnosed with sepsis on admission or within 48 hours 

later. Twenty-five ICU patients with no sepsis were included as a control group. All study 

populations were evaluated using clinical muscle assessment (medical research council, MRC) 

and muscle ultrasound at two-time points, the first was between days 2 and 5, and the second was 

between days 10 and 15. Laboratory workup included complete blood count, coagulation profile, 

arterial blood gases, liver, and kidney function tests. Results: There was a gradual declining 

neuromuscular function in all study populations and more significant in septic patients’ group. 

The incidence of ICUAW was 60% (by MRC score <48) and 100% (by abnormal muscle 

ultrasound) at second evaluation point of septic patients. SOFA score, blood haemoglobin level, 

total leucocytic count and creatinine had significant correlations with neuromuscular dysfunction. 
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Conclusions: ICUAW is a prevalent complication in septic ICU patients and was correlated with 

SOFA score, blood haemoglobin, leucocytic count and creatinine level. 

Keywords: ICU acquired weakness; muscle ultrasound, muscle weakness; neuromuscular 

dysfunction; sepsis 

______________________________________________________________________________ 

1. Introduction: 

Intensive care unit acquired weakness 

(ICUAW) is one of the most severe 

complications of ICU stay and has adverse 

effects on both in-hospital and post-

discharge morbidity and mortality. It may 

present as critical illness polyneuropathy 

(CIP), critical illness myopathy (CIM) or 

critical illness neuromyopathy (CINM) [1]. 

A widely varied incidence of ICUAW was 

reported in literature ranging between 10 

and 80% depending on the underlying risk 

factors, timing and used methods of 

neuromuscular assessment [2, 3]. Sepsis, 

shock, mechanical ventilation and 

multiorgan failure are among the most 

common risk factors associated with 

ICUAW [4]. Early identification of ICUAW 

has an immense value to avoid the adverse 

hazards of prolonged ICU stay [5]. 

Diagnosis of ICUAW relies mainly on 

clinical muscle strength using MRC score 

and may be supported by other diagnostic 

tests such as electrophysiological assessment 

and muscle biopsy [1]. Ultrasonography of 

muscles is an easy bedside test with 

promising results in assessment of 

neuromuscular weakness [6-8]. 

The mechanisms underlying septic induced 

ICUAW is multiplex and mainly involves 

systemic inflammatory response that causes 

multiorgan failure [9, 10]. Treatment of 

ICUAW is mainly supportive and preventive 

measures included adequate blood sugar 

control, timely electrolyte correction and 

early mobilization [5, 11, 12]. 

The aim of the current study is to determine 

the incidence of ICUAW in septic ICU 

patients as a primary outcome and to explore 

any significant correlation among clinical, 

laboratory and ultrasonographic findings. 

2. Patients and Methods: 

This prospective observational study 

included 65 patients admitted to the critical 

care department Beni-Suef University 

Hospital from June 2021 to April. The study 
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protocol was approved by the local ethical 

committee (Approval No: 

FMBSUREC/01102019)  and informed 

written consent was obtained from the 

patient next of kin of all participants before 

enrolment in the study. The participants 

included 40 patients diagnosed on admission 

or within 48 hours later as having sepsis or 

septic shock according to the third 

International Consensus Definitions for 

Sepsis and Septic Shock (Sepsis-3) [13]. 

Twenty-five patients with no sepsis were 

enrolled as a control group. 

Hemodynamically unstable, comatose 

patients and those with an acute condition 

like acute myocardial infarction, post-

cardiac surgery or with a history of 

neuromuscular disorders were excluded 

from the study.  We also excluded patients 

with local lower limb reason for weakness 

or edema, pregnancy, age less than 18 years, 

hypomagnesemia, chronic prolonged steroid 

therapy, metabolic disorder, and acute 

respiratory distress syndrome.      

All patients were subjected to the 

following: 

 Clinical assessment through history taking, 

complete general and neurological 

examination. 

 Routine laboratory workup: complete 

blood count, coagulation profile, arterial 

blood gases, liver, and kidney function 

tests. 

 Evaluation of organ dysfunction and 

severity of illness using sepsis-related 

organ failure assessment (SOFA) score 

[14] at two time points following the onset 

of sepsis, the first evaluation (between 

days 2 and 5) and the second evaluation 

(between days 10 and 15). 

 Clinical muscle strength assessment: 

Medical research council (MRC) was 

carried out at the same two- time points 

following the onset of sepsis. ICUAW is 

defined based on clinical grounds as MRC 

total sum score <48 [15]. 

Ultrasonography assessment: 

All patients were evaluated simultaneously 

using Mindray Dp 20 machine with a 9 to 13 

MHz probe real-time linear array scanner. 

The initial settings were 10 MHz frequency 

and 49 gain with variable depth, which may 

be altered individually to visualize the 

complete muscle. All ultrasound studies 

were done by one operator trained in 

musculo- skeletal ultrasound.  

Patients were examined in the supine 

position with extended arms and legs and 

relaxed muscles. The muscles selected for 
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analysis were bilateral biceps brachii and 

forearm extensors in upper limbs, tibialis 

anterior and quadriceps in lower limbs. 

Ultrasonic echogenicity was graded 

according to Heckmatt and colleagues. This 

score differentiates ultrasonic echogenicity 

semi-quantitatively into four grades: Grade 

I: Normal, Grade II: Increased muscle echo 

intensity with distinct bone echo, Grade III: 

Marked increased muscle echo with reduced 

bone echo, Grade IV: Powerful muscle echo 

and complete loss of bone echo [16]. Total 

echogenicity grade was calculated as the 

sum of the tested eight muscle grades. 

Data management and statistical analysis: 

The sample size was calculated using 

G*Power 3.1.9.2. (Effect size 0.65, α error 

prob 0.05, statistical power 0.8). Data were 

analyzed using SPSS (statistical package for 

the social science software) Version 25.0. 

Quantitative variables were expressed by the 

mean and standard deviation or by median 

and interquartile range (IQR) (as 

appropriate). Paired data were compared 

using Paired t-test or Willcoxon test (as 

appropriate). Unpaired data were compared 

using the independent t test or Mann-

Whitney U test (as appropriate). 

Qualitative variables were expressed by 

number and percent and paired data were 

compared by McNemar test. Unpaired data 

were compared by chi-square test. Pearson 

correlation was used to correlate two 

continuous variables, otherwise, Spearman 

correlation was used. In all tests, p-value 

was considered significant if less than 0.05 

3. Results: 

The patient group included 40 patients with 

sepsis or septic shock (31 males, and their 

mean age was 57.3 ± 11.4 years). The 

Control group included 25 patients with no 

sepsis (14 males, their mean age was 58.8 ± 

6.2). There was no significant age and 

gender difference between the groups 

(P=0.068, P=0.5, respectively). Other 

demographic, clinical and laboratory data 

are presented in (Table 1) 
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Table 1: Demographic, clinical and laboratory data of the patients and controls 

  Patients (n=40) Controls (n=25) 

Age   mean (SD) 57.3 (11.4) 58.8 ± 6.2 

Gender 

Numbers (%) 

Male 31 (77.5%) 14 (56%) 

Female 9 (22.5%) 11 (44%) 

Cause of admission 

Numbers (%) 

Chest 17 (42.5%) 2 (8%) 

Abdominal 12 (30%) 4 (16%) 

Cardiac 0 (0%) 5 (20%) 

Surgical 11 (27.5%) 9 (36%) 

Neurological 0 (0%) 5 (25%) 

Mechanical 

Ventilation Numbers 

(%) 

1
st
 Evaluation 5 (12.5%) 0 (0%) 

2
nd

 Evaluation 14 (35%) 0 (0%) 

Vasopressors   Numbers (%) 11 (27.5%) 0 (0%) 

SOFA score 

Mean (SD) 

1
st
 Evaluation 6.56 (1.59)  

2
nd

 Evaluation 7.13 (3.35)  

Creatinine (mg/dL) 

Mean (SD) 

1
st
 Evaluation 3.07 (2.17) 1.56 (2.08) 

2
nd

 Evaluation 2.6 (1.67) 1.44 (1.68) 

Hemoglobin (g/dL) 

Mean (SD) 

1
st
 Evaluation 9.06 (1.63) 12.36 (1.5) 

2
nd

 Evaluation 9.3 (1.44) 12.12 (1.13) 

Total leucocytic 

count(thousands/cmm) 

Mean (SD) 

1
st
 Evaluation 17.88 (6.76) 12.12 (4.41) 

2
nd

 Evaluation 20.38 (14.32) 9.88 (1.33) 

 

There was gradual decline of the neuromuscular function evaluated by clinical assessment and 

ultrasonography and this decline was more significant in septic patients’ group. Incidence of 

ICUAW in septic patients ranged between 60-100 % in the second evaluation depending on the 

assessment tool. (Tables 2 and 3) 
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Table 2: Comparison between patients and controls of clinical and ultrasonographic data 

at the two evaluations 

 

1
st
 Evaluation 

P-value 

2
nd 

Evaluation 

P-value 
Patients 

(n=40) 

Controls 

(n=25) 

Patients 

(n=40) 

Controls 

(n=25) 

MRC 53 (4) 59 (6) 0.001* 44 (10) 56 (3) <0.001* 

ICUAW (MRC<48) 4 (10%) 0 0.103 24 (60%) 0 <0.001* 

Abnormal U/S 28 (70%) 19 (76%) 0.599 40 (100%) 25 (100%) 1 

Echogenicity Grade 13 (6) 10 (4) 0.078 20 (3) 12 (3) <0.001* 

 

Median values (interquartile range) or numbers (percentage %) are shown. * p value < 0.05 was 

considered statistically significant.  MRC, medical research council score; ICUAW, intensive 

care unit acquired weakness; U/S, ultrasonography. 

Table 3: Comparison between the two evaluations of clinical and ultrasonographic data of 

patients and controls 

 Patients (n=40) 
P-value 

Controls (n=25) 
P-value 

Evaluation time 1
st
 2

nd
 1

st
 2

nd
 

MRC 53 (4) 44 (10) <0.001* 59 (6) 56 (3) 0.001* 

ICUAW (MRC<48) 4 (10%) 24 (60%) <0.001* 0 0 1 

Abnormal U/S 28 (70%) 40 (100%) <0.001* 19 (76%) 25 (100%) 0.031* 

Echogenicity Grade 13 (6) 20 (3) <0.001* 10 (4) 12 (3) 0.007* 
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Median values (interquartile range) or numbers (percentage %) are shown. * p value < 0.05 was 

considered statistically significant.  MRC, medical research council score; ICUAW, intensive 

care unit acquired weakness; U/S, ultrasonography. 

The SOFA score at the first evaluation was significantly correlated with MRC (P= 0.011, r = -

0.417) and ultrasonographic echogenicity grade (P= <0.001, r = 0.599) at the second evaluation 

of the septic patients’ group. Moreover, laboratory workup correlated with MRC and 

sonographic echogenicity at both evaluation points in the two study groups. The most significant 

and consistent correlations were blood hemoglobin concentration, total leucocytic count and 

renal function tests. Figures (1-3) show the relation between muscle weakness and Hb, TLC and 

creatinine. 

 

Figure 1: Correlation of blood hemoglobin and leucocytic count with total MRC score 
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Figure 2: Correlation of blood hemoglobin and leucocytic count with total echogenicity 

score 

 

 

Figure 3: Correlation of creatinine level with total MRC and echogenicity scores 
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4. Discussion: 

This prospective case control study was 

designed to explore the incidence and 

significant correlations of ICUAW in 

patients with sepsis.  

The main findings of this study were gradual 

neuromuscular deterioration in ICU patients, 

however, more marked in septic patients’ 

group. The incidence of ICUAW at the 

second evaluation time point was dependent 

on the assessment tool, 60% by clinical 

MRC score and 100% by ultrasonographic 

assessment. SOFA score and especially 

blood hemoglobin, leucocytic count and 

creatinine level had significant association 

with neuromuscular dysfunction. 

Muscle weakness was reported to start in the 

early few days after ICU admission with 4% 

daily reduction of muscle fiber cross 

sectional area and an average 1-1.3% daily 

loss of overall muscle strength were reported 

in the literature [10, 17, 18]. 

Previous studies demonstrated a widely 

variable incidence of ICUAW in different 

cohorts ranging from 10% to 80%. This 

variation was attributed to differences in 

populations studied, timing and used 

diagnostic methods, presence and severity of 

underlying risk factors and lack of standard 

diagnostic criteria [3, 4].  

The incidence was lower when evaluated by 

clinical tools alone than electrophysiological 

assessment [3]. This is consistent with our 

results that showed lower incidence by 

clinical assessment than ultrasonographic 

evaluation. We used ultrasonography as an 

easy applicable bedside test with fewer 

limitations and higher compliance compared 

to electrophysiological testing and invasive 

muscle biopsy. Muscle ultrasound was 

previously used as a promising alternative 

method for evaluation of neuromuscular 

dysfunction in ICU patients using different 

parameters such as cross-sectional area, 

muscle layer thickness and echogenicity 

grade [6-8]. 

Sepsis, septic shock and multiorgan failure 

are important risk factors for developing 

ICUAW, with reported incidence of 50-

100% [19, 20]. In accordance with these 

data, our study showed a significant 

correlation of SOFA score with declining 

neuromuscular function. Moreover, higher 

leucocytic count was found to correlate with 

clinical weakness on MRC score and 

increased ultrasound muscle echogenicity 

grade that indicates muscle fiber necrosis and 

degeneration.  

The underlying pathophysiology of septic 

induced ICUAW is multifactorial and 

includes microcirculatory, metabolic, 
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cellular, and electrical disturbances. Critical 

illness and sepsis include systemic 

inflammatory responses with resulting 

multiorgan failures including neuromuscular 

dysfunction [9, 10, 21]. 

The significant correlation of reduced blood 

hemoglobin with muscle weakness in our 

study could be explained by the anemic 

tissue hypoxia or both disorders are 

secondary to the sepsis and critical illness 

inflammatory responses. 

The significant association of renal function 

biomarkers with neuromuscular dysfunction 

in the current study is supported by a 

previous report that included a large cohort 

of 104 ICU survivors and demonstrated that 

patients with stage 2 or 3 AKI had increased 

severity of muscle weakness and impaired 

ability to return to work or driving [22].  

The mechanisms behind this kidney-skeletal 

muscles relationship are multiple, including 

systemic inflammation, metabolic acidosis, 

mitochondrial dysfunction, impaired protein 

synthesis, disrupted insulin signaling, and 

malnutrition inducing mediators of muscle 

protein catabolism such as ubiquitin-

proteasome system (UPS), caspase 3, 

lysosomes, and myostatin [23, 24]. 

Our study has some limitations including the 

small sample size and the collection of all 

data from a single ICU. The current study 

highlights the importance of early 

assessment for muscle weakness in all septic 

patients and following them meticulously 

during the early phase which allows for an 

optimum intervention at an early reversible 

stage of ICUAW. 

5. Conclusions: 

ICUAW is a prevalent complication in septic 

ICU patients and is correlated with SOFA 

score and creatinine level. 

Abbreviations: 

CIM; Critical illness myopathy 

CINM; critical illness neuromyopathy 

CIP; critical illness polyneuropathy  

ICUAW; intensive care unit acquired 

weakness.  

IQR; interquartile range  

MRC; medical research council 

SOFA; Sepsis-related organ failure 

assessment 

U/S; ultrasonography  
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