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Abstract
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in ICU septic patients for early detection of CIM.

Background Critical illness myopathy (CIM) has negative impact on patient outcomes. We aimed to explore

the diagnostic value of bedside ultrasonography for early identification of CIM in septic patients and its correla-
tion with other diagnostic methods. This prospective observational study included 40 ICU patients diagnosed

with sepsis on admission or within 48 h later according to the third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). They were evaluated using muscle ultrasound, electrodiagnostic and clinical muscle
assessment (Medical Research Council, MRC) at two time points, the first was between days 2 and 5 and the second

Results There was significant deterioration of neuromuscular function between the two evaluation points demon-
strated by decline in MRC, abnormal nerve conduction and electromyography (EMG) and increased muscle echo-
genicity on ultrasonography (P<0.001). Sepsis-Related Organ Failure Assessment (SOFA) score significantly correlated
with different neuromuscular assessment tools. MRC had significant correlation with myopathic EMG (P<0.001,
r=—0.869) and increased muscle echogenicity (P<0.001, r=—0.715). Abnormal ultrasonographic muscle architecture
had sensitivity of 100%, specificity of 75% and positive likelihood ratio of 4 in detecting muscle dysfunction compared

Conclusions Bedside peripheral muscle ultrasound echogenicity grade could be used as an additional screening test
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Background
Intensive care unit acquired weakness (ICUAW) is a
major health problem that have negative impact on out-
come and long-term functioning. ICUAW is mostly
caused by neuromuscular dysfunction which may pre-
sents in different forms: critical illness polyneuropathy
(CIP), critical illness myopathy (CIM) or co-occurrence
of both entities (critical illness neuromyopathy, CINM)
[1].

The incidence of ICUAW was reported in literature to
range from about 30 to 80% in ICU critically ill patients
[1-3]. This wide variation of incidence is related to the
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presence, number and severity of underlying risk factors,
the timing of neuromuscular evaluation and the used
diagnostic approach [4].

The most common risk factors associated with ICUAW
are sepsis, shock, multiorgan failure, mechanical ventila-
tion, hyperglycemia and myotoxic drugs [4].

CIM could be more common and presents earlier than
CIP [5]. It presents with flaccid paresis often involving
respiratory muscles and usually associated with atrophy
of muscles [6]. There is large controversy regarding the
optimum diagnostic and assessment tools with reported
several limitations. Clinical examination requires co-
operative patients, has large inter-observer variation and
is time consuming [1].

Complete electrodiagnostic assessment is expen-
sive, moderately invasive, operator-dependent, limited
by edema, coagulopathy, electrical interference and
full EMG examination requires alert and co-operative
patients [1].

Muscle biopsy is invasive, expensive, painful, requires
technical expertise and pathological interpretation and
has risk of bleeding and infection [1].

Qualitative and quantitative muscle ultrasound is
increasingly used to assess muscle atrophy and archi-
tecture changes in critically ill patients, however, needs
further research to explore its diagnostic accuracy, func-
tional significance, and its correlation with clinical and
electrodiagnostic findings before implementation in rou-
tine practice.

Methods

This prospective observational study included 40 patients
admitted to the critical care department of Beni-Suef
university hospitals during the period from June 2021 till
April 2022. The study protocol was approved from the
local ethical committee of faculty of Medicine, Beni-Suef
university and an informed written consent was obtained
from the patient next of kin of all participants before
enrolment in the study. The included patients were diag-
nosed on admission or within 48 h later as having sepsis
or septic shock according to the third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-3)
[7] without affecting conscious level to allow clinical
and EMG assessment. Patients with acute condition like
acute myocardial infarction, post-cardiac surgery or with
history of neuromuscular disorders were excluded from
the study.

Clinical assessment included history taking, complete
general and neurological examination, in addition to
routine laboratory workup: complete blood count, coag-
ulation profile, arterial blood gases, liver and kidney func-
tion tests. Organ dysfunction and severity of illness was
evaluated using Sepsis-Related Organ Failure Assessment
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(SOFA) score [8] at two time points following onset of
sepsis or septic shock, the first evaluation (between days
2 and 5) and the second evaluation (between days 10 and
15). SOFA score is a clinical evaluation of different physi-
ologic parameters, each scored from 0 (normal function)
to 4 (organ failure). These parameters represent different
body functions: Respiration (PaO2:FiO2), coagulation
(platelets count), liver (bilirubin concentration), cardio-
vascular (mean arterial pressure), central nervous system
(Glasgow coma score) and renal (creatinine level or urine
output). Each parameter is scored individually, after
which a total score is derived to reflect severity of illness
and organ dysfunction [8]. Medical Research Council
(MRC) score was carried out at the same two time points
following onset of sepsis or septic shock. MRC is a clini-
cal test to measure muscle strength through evaluation of
six movements (upper limbs: wrist flexion, forearm flex-
ion and shoulder abduction, lower limbs: ankle dorsiflex-
ion, knee extension and hip flexion) over both sides. Each
movement is scored from 0 (no movement) to 5 (active
movement against full resistance). Total score is 60 and
ICUAW is defined based on clinical grounds as MRC
total sum score <48 [9].

With regard to electrophysiological assessment, all
patients were evaluated at the same two time inter-
vals using portable TruTrace Electromyography device
(TruTrace NCS/EMG/EP, Deymed Diagnostic s.r.o.,
Czech Republic). Electrodiagnostic studies included
nerve conduction studies (NCS) using surface record-
ing and stimulating electrodes according to the standard
electrode positions and distances mentioned in Pres-
ton and Shapiro [10], and with room temperature kept
at (28-33C) and ensuring well defined and artifact-free
responses. Filter settings were as follows: (10 Hz— kHz
for motor studies, 20 Hz—2 kHz for sensory studies).

The studied nerves were bilateral ulnar and median
nerves (sensory and motor responses) in upper limbs
and bilateral common peroneal, posterior tibial (motor
responses), and sural nerves (sensory responses) in lower
limbs.

The patient was considered to have abnormal NCS
when there are two or more abnormal peripheral nerve
motor and sensory responses exceeding lower limit of
normal values for amplitudes or conduction velocities
according to Preston and Shapiro [10, 11].

Moreover, electromyography (EMG) was performed
using disposable concentric EMG needle electrodes
(0.45 mm diameter, 50 mm length, Technomed). Filter
settings were 20 Hz-5 kHz. The muscles selected for
analysis were bilateral deltoid, biceps brachii and exten-
sor digitorum communis in upper limbs, tibialis anterior
and quadriceps in lower limbs. The patient was counted
to have myopathic EMG when at least two of the tested
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muscles in upper or lower limbs showed myopathic
changes (motor unit action potentials of short duration,
small amplitude, highly polyphasic and early recruitment
pattern), detected either by visual analysis in clear cut
findings or by retrograde automatic analysis in borderline
cases (MUAP duration <5 ms, number of phases >4) [10,
11].

Ultrasonography assessment was conducted twice at
the same time intervals 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 mus-
cles selected for analysis were bilateral biceps brachii and
forearm extensors in upper limbs, tibialis anterior and
quadriceps in lower limbs.

Ultrasonic echogenicity was graded according to Heck-
matt 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 mus-
cle echo with reduced bone echo, Grade IV: very strong
muscle echo and complete loss of bone echo. Total echo-
genicity grade was calculated as the sum of the tested
eight muscles grades. The patient was considered to have
abnormal U/S when at least two of the tested muscles in
upper or lower limb muscles had ultrasonic echogenicity
of grades (II-1V) according to the scale of Heckmatt and
colleagues [12]

Data were analyzed using SPSS (statistical package for
the social science software) Version 25.0. Quantitative
variables were expressed by mean and standard deviation
or by median and interquartile range (IQR) (as appropri-
ate). Paired data were compared using paired -test or
Wilcoxon test (as appropriate).

Qualitative variables were expressed by number and
percent and paired data were compared by McNemar
test. Pearson correlation was used to correlate two con-
tinuous variables, otherwise Spearman correlation was
used. Diagnostic and accuracy tests were computed using
MedCalc version (14.8.1). In all tests, P-value was consid-
ered significant if less than 0.05.

Results

The patient group included 40 patients with sepsis or sep-

tic shock (31 males, their mean age was 57.3 £ 11.4 years).
There was gradual progressive decline of the neuro-

muscular function assessed by clinical, electrophysiologi-

cal and ultrasonographic tools (Table 1).
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Table 1 Clinical, electrophysiological and ultrasonographic data
of patients at the two evaluations

1st evaluation 2nd evaluation P-value

(n=40) (n=40)
SOFA 7(3) 5(6) 0421
MRC (total sum score) 53(4) 44.(10) <0.001*
Abnormal NCS 16 (40%) 32 (80%) <0.001*
Myopathic EMG 24 (60%) 38 (95%) <0.001*
Abnormal U/S echo 28 (70%) 40 (100%) <0.001*
U/S echogenicity Grade 13 (6) 20 (3) <0.001*

Median values (interquartile range) or numbers (percentage %) are shown.
Paired data were compared by Wilcoxon test (quantitative data) or McNemar
test (qualitative data). *P value < 0.05 was considered statistically significant

SOFA Sepsis-Related Organ Failure Assessment, MRC Medical Research
Council Score, NCS nerve conduction studies, EMG electromyography, U/S
ultrasonography

Table 2 Frequency of abnormal nerve conduction responses in
different nerves at the two evaluations

1st evaluation 2nd evaluation

(n=80, both sides)  (n=80, both
sides)
Median nerve 20 (25%) 44 (55%)
Ulnar nerve 20 (25%) 36 (45%)
Common peroneal nerve 32 (40%) 60 (75%)
Posterior tibial nerve 32 (40%) 60 (75%)
Sural nerve 32 (40%) 60 (75%)

All abnormal nerve conduction values of the patient
group were denoting axonal pathology with predomi-
nantly small amplitudes and mildly reduced conduction
velocities. None of the patients had nerve conduction
values (distal latencies and conduction velocities) of
demyelinating peripheral nerve disorder (Table 2).

Quadriceps, tibialis anterior and biceps brachii are the
most sensitive muscles to show both electrophysiological
and ultrasonographic changes in evaluation of myopathy
of ICU septic patients (Tables 3, 4, 5 and Fig. 1).

The SOFA score at 1st evaluation was correlated with
MRC (P=0.011, r=-0.417) and ultrasonographic echo-
genicity grade (P<0.001, r=0.599) at 2nd evaluation
(Fig. 2).

The SOFA score at 2nd evaluation was correlated with
MRC (P<0.001, r=-—0.555) and abnormal nerve con-
duction results (P<0.001, r=0.604) at 2nd evaluation.

The total MRC score was correlated with abnormal
electrophysiological results and ultrasonographic echo-
genicity grade at both evaluation time points (Table 6).

Regarding diagnostic accuracy of ultrasonography to
detect muscle changes in critically ill patients, it was as
sensitive as EMG (Tables 7 and 8).
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Table 3 Frequency of myopathic EMG in different muscles at
the two evaluations

1st evaluation (n=80, 2nd evaluation

both sides) (n=80, both
sides)

Biceps brachii 16 (20%) 41 (51.2%)
Deltoid 4 (5%) 36 (45%)
Extensor digitorum 8 (10%) 30 (37.5%)
communis

Tibialis anterior 24 (30%) 62 (77.5%)
Quadriceps 32 (40%) 57 (71.2%)

Table 4 Frequency of abnormal muscle echogenicity and
fasciculations in different muscles at the two evaluations

1st evaluation 2nd evaluation

(n=80, both (n=80, both

sides) sides)
Biceps brachii 44 (55%) 64 (80%)
Forearm extensors 0 48 (60%)
Tibialis anterior 44 (55%) 80 (100%)
Quadriceps 52 (65%) 80 (100%)
Fasciculations in upper limbs 0 8 (10%)
Fasciculations in lower limbs 0 8 (10%)

Table 5 Grades of echogenicity in different muscles at the two

evaluations
Grade 1stevaluation 2nd evaluation
(n=80, both (n=80, both
sides) sides)
Biceps brachii | 36 (45%) 16 (20%)
Il 44 (55%) 28 (35%)
Il 0 36 (45%)
% 0 0
Forearm extensors | 80 (100%) 32 (40%)
Il 0 48 (60%)
I 0 0
% 0 0
Tibialis anterior | 36 (45%) 0
Il 44 (55%) 20 (25%)
Il 0 44 (55%)
vV 0 16 (20%)
Quadriceps | 28 (35%) 0
Il 32 (40%) 12 (15%)
Il 20 (25%) 68 (85%)

v 0 0
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Fig. 1 All tested muscles echogenicity grade at the two evaluations

Discussion

This prospective study was designed to explore the diag-
nostic accuracy of bedside ultrasonography in assess-
ment of critical illness myopathy in ICU septic patients
and to test its correlation with other clinical and electro-
physiological diagnostic tools.

The main findings of the current study were gradual
and progressive neuromuscular dysfunction that corre-
lated with SOFA score. Moreover, there was significant
correlation among different assessment methods and
bedside ultrasonography had comparable sensitivity in
detecting such dysfunction.

Muscle dysfunction was reported to start early in the
first few days during ICU stay with progressive daily
structural and functional loss of muscle fibers [6, 13, 14].

Sepsis and septic shock are among the most important
risk factors of critical illness myopathy with reported
incidence of 100% in these patients compared to rela-
tively lower incidence in other causative factors [15, 16].

This is consistent with our results that showed 60%
incidence in the first evaluation and 95% in the second
evaluation based on electrophysiological assessment.
Despite there being no significant change in SOFA score
between the two evaluations in our study, SOFA score at
initial evaluation correlated with the decline in neuro-
muscular function (MRC and US echogenicity). This may
indicate that the ICU-acquired neuromuscular dysfunc-
tion is multifactorial, however, sepsis had a significant
negative impact on that dysfunction.

The pathophysiology underlying septic induced CIM is
complex and multifactorial including microcirculatory,
cellular, metabolic, and electrical factors [6, 16, 17]. The
critical illness and sepsis involve systemic inflammatory
responses with resulting overproduction of cytokines,
oxygen radicals and nitric oxide that cause microvascu-
lar derangement and ischemic hypoxia [6, 18]. Cellular
and metabolic changes include mitochondrial dysfunc-
tion, depletion of ATP and intracellular antioxidants,
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Fig. 2 Correlation of SOFA score with total MRC and US echogenicity grades. SOFA Sepsis-Related Organ Failure Assessment, MRC Medical Research

Council Score, US ultrasonography, Echo echogenicity

Table 6 Correlation of MRC score with electrophysiological and
U/S echogenicity

Abnormal NCS  MyopathicEMG  Echogenicity grade

Total MRC score
Tst evaluation

P <0.001 <0.001 <0.001

r —0.796** —0.869** —0.715%*
2nd evaluation

P <0001 0322 <0.001

r —-0.701** -0.161 —0.703**

Spearman correlation was used. **correlation is significant at the 0.01 level

MRC Medical Research Council Score, NCS nerve conduction studies, EMG
electromyography

increased secretion of stress hormones, and insulin
resistance. All these changes cause bioenergetic failure
and cytopathic hypoxia [16, 19, 20].

Moreover, electrical muscle membrane inexcitabil-
ity with slowed conduction velocity within individual
muscle fibers caused by reduced or dysfunctional
voltage-gated sodium channels was reported in

pathophysiology of CIM. This is consistent with the
increased relative refractory period of muscle fibers
and observed prolonged duration of compound muscle
action potential on nerve conduction studies [16, 17,
21].

Critical illness myopathy has major negative impact
on both in-hospital and post-discharge outcomes and
due to the limited applicability adherent to the gold
standard tools of diagnosing such disorder in ICU,
these is still unmet need to an easier applicable and
non-invasive screening tool for early identification
and so implementing intervention and rehabilitation
programs at an optimum reversible stage. The current
study showed that bedside peripheral muscle ultra-
sonography using easy applicable echogenicity grad-
ing had very good sensitivity in detecting early muscle
affection compared to EMG examination and had high
correlation with clinical MRC scores.

Previous studies investigated the use of muscle ultra-
sound in ICU to determine its diagnostic, predictive
and prognostic value in patients with ICUAW. Different
sonographic measures were used such as diaphragmatic
excursion and thickening fraction, peripheral muscle
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Table 7 Sensitivity of U/S compared to EMG in detecting CIM
Test 1st Evaluation 2nd Evaluation

EMG Total EMG Total

Positive Negative Positive Negative
u/s

Positive 24 4 28 38 2 40
Negative 0 12 12 0 0 0
Total 24 16 40 38 2 40
U/S ultrasonography, EMG electromyography
Table 8 Diagnostic accuracy of U/S compared to EMG in detecting CIM
Diagnostic measures 1st evaluation 2nd evaluation
Value 95% ClI Value 95% Cl

Sensitivity 100% 85.75% to 100% 100% 90.75% to 100%
Specificity 75% 47.62% t0 92.73% 0% to 84.19%
AUC 0.88 0.731t0 0.96 0.5 0.341t0 0.66
Positive likelihood ratio 4 1.71109.35 1 Tto1l
Negative likelihood ratio 0
Disease prevalence 60% 43.33% to 75.14% 95% 83.08% t0 99.39%
Positive predictive value 85.71% 67.33% t0 95.97% 95% 83.08% to 99.39%
Negative predictive value 100% 73.54% to 100%

Cl confidence interval, AUC area under the curve

thickening, cross sectional area, pennation angle, echo-
genicity, and detection of fasciculations [22-24].

Le Neindre and colleagues showed that reduced dia-
phragmatic excursion and thickening fraction had the
ability to predict extubation failure with moderate to
high specificity [25]. Paolo and colleagues demonstrated
the value of quadriceps ultrasound for early detection of
ICUAW in long-term critical ill and ventilated patients
and concluded that the rate of reduced rectus femoris
pennation angle over the first week was the best predic-
tor for later development of ICUAW even before decline
of clinical muscle strength detected by MRC score [22].

Other reports highlighted the value of gradual decline
of peripheral muscle thickness in critically ill, ventilated
and septic patients to predict worse outcomes both in-
hospital and post-discharge physical outcome and sur-
vival [23, 26]. Moreover, Palakshappa and colleagues
showed that rectus femoris cross sectional area was supe-
rior to quadriceps muscle thickness in evaluation of ICU
sepsis-related weakness and its rate of decline over the
first week correlated with clinical muscle strength [27].

Regarding evaluation of peripheral muscle echogenic-
ity, previous studies found that its sequential increase in
critically ill and septic patients could predict histologi-
cal muscle fiber necrosis and clinically detected ICUAW

at early stage and recommended its use as an additive
tool to gold standard of critical illness neuromyopathy
[28-30].

Comparable with our findings, Parry and his colleagues
reported in ICU patients a strong association of vastus
intermedius muscle echogenicity with muscle function
and strength assessed by MRC [31].

Regarding diagnostic accuracy of muscle echogenicity
in detecting critical illness neuromyopathy, other studies
showed similar results that accord with ours. Kelmen-
son and his colleagues reported 82% sensitivity and 57%
specificity of abnormal muscle echogenicity [32]. Moreo-
ver, Moubarez and her colleagues reported sensitivity of
94.1% and specificity of 66.7% on day 7 and 100% on day
14 of ICU admission [33].

Conclusions

Bedside peripheral muscle ultrasound echogenicity grade
could be used as an additional screening test in ICU sep-
tic patients for detection of CIM at an early reversible
stage.

Abbreviations
CIM Critical iliness myopathy
CINM Critical iliness neuromyopathy
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cp Critical illness polyneuropathy

EMG Electromyography

ICUAW  Intensive care unit acquired weakness
IQR Interquartile range

MRC Medical Research Council

NCS Nerve conduction studies
Sofa Sepsis-Related Organ Failure Assessment
u/s Ultrasonography
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