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Objectives:Monitoring muscle mass (cross-sectional area [CSA]) and quality (echogenicity) using ultrasoundmay help optimise
nutrition support in the critically ill. However, to date, ultrasound imaging has not been included in the undergraduate training
of dietitians, who are mostly responsible for the nutrition care of critically ill patients. This study assessed the accuracy and
reliability of bedside imaging performed by a dietitian trained according to standardised methodology, followed by blinded
analyses.
Methods: Two operators (a trainer and dietitian trainee) performed B-mode ultrasonography of the rectus femoris quadriceps
muscle. For inter-rater accuracy, imaging was performed independently on 32 subjects by both operators, and for intra-rater
reliability both obtained a second image on 15 subjects. A blinded assessor performed analyses (CSA and echogenicity) on all
images. In a subset of 11 subjects, a musculoskeletal sonographer repeated all measurements. Inter- and intra-rater reliability
were determined by calculating intraclass correlation coefficients (ICC), based on an absolute-agreement, 2-way mixed-effects
model. An ICC > 0.75 was classified as good and > 0.90 as excellent.
Results: Intra- (ICC = 0.9–0.94) and inter-rater (ICC = 0.85–0.95) reliability of the imaging performed was good to excellent. No
statistically significant differences were found between the two operators (mean difference for CSA = 0.18 cm2, 95% CI =−0.38–
0.03, p = 0.08; mean difference for echogenicity = 6.88, CI =−0.71–14.78, p = 0.07). Inter-rater reliability for image analyses was
excellent (ICC = 0.97–1.0).
Conclusion: Bedside ultrasound performed by a dietitian trained according to standardised methodology shows good to
excellent reliability and reproducibility. Training dietitians to perform bedside ultrasound may help to monitor muscle mass
and quality in the critically ill.
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Introduction
Despite a marked decline in intensive care unit (ICU) mortality
over recent years, ICU survivors often suffer from severe
muscle loss1–3 with extensive impairment of physical function-
ing and health-related quality of life,1,2,4–7 which may carry on
for years after hospital discharge.8,9

The presence of systemic inflammation, organ dysfunction, ana-
bolic resistance, prolonged bedrest and mechanical ventilation,
reduced peripheral blood flow, insulin resistance, pharmacologi-
cal agents, insufficient nutritional intake, as well as individual
patient factors, such as old age, poor pre-morbid nutritional
status and comorbidities, all contribute to muscle loss in critical
illness.1,2,10–13 As one of the primary objectives of providing nutri-
tional care in the ICU is to stop or attenuate muscle atrophy,
there is a need for an easy and accessible tool to measure and
monitor muscle mass.1,14,15 Owing to their dedicated training in
clinical nutrition, critical care dietitians are equipped to assess
patients’ nutritional status,16,17 and to formulate and implement
individualised nutritional plans pre-, during and post-ICU admis-
sion.18 Although several conventional methods are available to
assess nutritional status, such as weight monitoring, bio-electrical
impedance analysis (BIA) and circumferences, the validity of
these methods is affected by fluid shifts and oedema, a phenom-
enon commonly encountered in the ICU.14,19 Weight and body
mass index (BMI) are also unable to differentiate between
adipose and lean tissue and fluid that has accumulated.19

Furthermore, although computed tomography (CT) is regarded
as the gold standard to assess muscle mass, because it can visu-
ally distinguish muscle mass from other tissues,15 CT imaging
cannot be ordered for the sole purpose of body composition
analysis and can only be used if already ordered as part of a
patient’s medical management plan. As such, CT imaging is not
always available for every patient and also not always in a
timely manner that would allow for serial monitoring of body
composition.

Recently, muscle ultrasound (US) has emerged as a non-invasive,
safe and easy-to-use bedside tool to measure muscle mass in the
ICU.1,12,15,20–23 Puthucheary et al.3 demonstrated a 10.3% drop in
US-derived rectus femoris cross-sectional area over the first seven
days in ICU and lowmusclemass forms part of the Global Leader-
ship Initiative on Malnutrition (GLIM) criteria for the diagnosis of
malnutrition.24 Measuring muscle mass may help to identify
high-risk patients at baseline and repetitive measurements may
help guide nutrition therapy towards reducing the muscle loss
both in ICU and after discharge.13

In addition to quantifying muscle mass, US can also assess
muscle quality by quantifying muscle echogenicity, or measur-
ing the reflection of sound waves.12,21,25 Lower muscle echo-
genicity indicates higher muscle density and quality and,
because healthy muscle tissue contains little adipose or
fibrous tissue, it causes minimal sound reflection. Conversely,
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an increase in muscle echogenicity relates to an increase in
intra-muscular adipose and fibrous tissue, indicating disease
state, and is linked to lower muscle strength and function.25

To date, a number of studies have been performed using US as a
means to assess muscle mass and quality in the ICU. However,
the methodology used has been inconsistent, with not all
reporting on the reliability, reproducibility and accuracy of
their methodology.13,19,26 As various factors such as choice of
equipment, probe and patient positioning, choice of muscle,
landmarks used, US settings such as gain, compression level
and distortion minimisation may affect the reliability of the
results (Table 1), a standardised procedure along with a
formal training programme is paramount to ensure consistency
of methodology in clinical practice.13,19,26

Training critical care dietitians to perform bedside US may allow
them to incorporate these findings directly into the patient’s
nutritional assessment and monitoring plans, thereby further
optimising nutritional care and minimising muscle loss.23 This
pilot study nested within a larger intervention trial aimed to
determine the accuracy and reliability of imaging performed
by a dietitian with no prior US experience, and of analyses by
a blinded assessor.

Methodology
We conducted a prospective observational pilot study to deter-
mine the accuracy and reliability of the two-step process
involved in rectus femoris quadriceps US imaging for the
purpose of body composition analysis in a convenience
sample of critically ill patients admitted to an adult surgical

ICU in a tertiary hospital, after approval from the Stellenbosch
University (SU) Health Research Ethics Committee 1(HREC 1)
(M20/08/023), as well as the Western Cape Department of
Health and Hospital management. The methods process and
hence reliability testing involved two steps: first, US image
acquisition performed at the bedside by a trainer and a dietitian
trainee, and, second, the blinded analysis of the acquired US
images using specialised software. Hereinafter, the term ‘oper-
ator’ refers to the individual who conducted the US image
acquisition at the bedside, i.e. the trainer or dietitian trainee,
while the ‘assessor’ refers to the individual who conducted
the blinded image analyses on computer software at a later
date. Figure 1 shows a graphical display of the flow of the
pilot study. For step 1, both operators acquired US images inde-
pendently on a total of 32 (n = 32) subjects. In 15 (n = 15) both
operators acquired a second image on a separate occasion on
the same day. This was followed by step 2 where a blinded
assessor analysed the acquired US images for all subjects (n =
32) by measuring rectus femoris cross-sectional area and echo-
genicity on specialised software. In a subset of 11 subjects, a
second assessor, namely a registered musculoskeletal sonogra-
pher, blinded to the primary assessor’s analyses, repeated all
measurements (rectus femoris cross-sectional area and echo-
genicity). All procedures were followed in accordance with the
ethical standards of the SU HREC and Declaration of Helsinki.

Training prior to conducting the study
For the US image acquisition technique, a standardised operat-
ing procedure (Supplementary file 1) based on a similar method
published by Parry et al.30 and Martín et al.14 was compiled and
approved by a registered musculoskeletal sonographer. A

Table 1: Factors affecting the accuracy and reliability of ultrasound measurements

Factor Recommendation Rationale for recommendation

1. Choice of equipment and type
of probe

Ultrasound (US) device with a bi-dimensional mode and
linear transducer or probe (frequency 7–13 MHz)14

To allow high-resolution images of superficial structures
(e.g. muscle tissue) to be obtained14

2. Choice of muscle Rectus femoris (RF) quadriceps muscle12 Lower limb muscles are at greater risk of early atrophy
compared with upper limbs. Quadriceps muscle is the
largest muscle group of the lower limb, and the RF is easy
to visualise12

3. Landmarking One-third distance between the superior border of the
patella and the anterior superior iliac spine (ASIS)14

Midway or one-third from the proximal patella to ASIS
allows for best visualisation of the entire muscle14,27

4. Measurements of muscle mass:
quadriceps muscle layer thickness
versus RF CSA

RF CSA over quadriceps muscle layer thickness28 Literature suggests that RF CSA is a more precise estimate
of muscle loss compared with quadriceps muscle layer
thickness27,28

5. Patient positioning Supine position with knees extended and toes pointing
upwards 14

The most frequently used position, which allows the
patient to be placed in the same static position with
repeat imaging. Using an angle (e.g. 30° or 45°) of head of
bed elevation could introduce error with repeat
imaging14

6. Probe positioning Transducer should be oriented transversally to the
longitudinal axis of the thigh, forming a 90° angle to the
skin surface14,29

This allows for a cross-sectional view of the shortest axis
of the muscle.29 Tilting or moving the probe from its
original position and angle may cause an incorrect
measurement.14 The angle of the probe and the
orientation of the scanned image (longitudinal or
transverse) can also impact the accuracy of the
echogenicity measurement25

7. Technical settings (e.g. gain,
distortion minimisation)

Standardised settings are important, especially with
serial measurements in order to compare changes over
time

Adipose tissue and subcutaneous oedema can
substantially impact the appearance and quality of the
US images obtained. Hence, technical settings such as
gain and depth should be considered12

8. Amount of water-soluble gel
and compression level

The US probe should be sufficiently covered with
water-soluble gel and minimal compression is
recommended, especially when measuring RF CSA14

The US probe should be adequately covered with water-
soluble gel so that distortion is minimised,14 and minimal
pressure should be applied to the tissue under the probe
to allow for best visualisation of the entire RF muscle
CSA12,14

US: ultrasound; RF: rectus femoris; CSA: cross-sectional area; ASIS: anterior superior iliac spine; QMLT: quadriceps muscle layer thickness.
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dietitian trainee with no prior US experience was trained as per
the standardised operating procedure (SOP) by a trainer with
previous training and experience in the procedure. In short,
the training involved a review of the written instructions as
per the SOP of the portable US device, then observation of a
hands-on demonstration on an actual patient, followed by per-
formance of multiple measurements on patients under direct
supervision.

Ultrasound imaging technique
In accordance with the SOP, the two operators performed B-
mode US using a 4–12 MHz linear transducer array (Philips
Lumify 795005®, Philips, South Africa) to obtain an anterior
image of the rectus femoris quadriceps muscle on the right
leg. Two images were acquired for each subject. First, the oper-
ator positioned the subject supine with the knee in passive
extension and neutral rotation. Using a measuring tape, a
point one-third of the distance from the superior border of
the patella to the anterior superior iliac spine (ASIS) was then
measured in centimetres, and marked as the point at which
the US would be performed. Thereafter the transducer was
placed transversally in relation to the longitudinal axis of the
anterior thigh, forming a right angle to the skin surface with
the depth altered to obtain the best image of the rectus
femoris (with all borders of the muscle visible on the image).
The image was obtained with minimum probe compression.
For inter-rater accuracy, imaging was performed independently

on all subjects (n = 32) by both investigators, and for intra-rater
reliability, both operators obtained a second image in a subset
of subjects (n = 15) on a separate occasion on the same day,
whilst keeping the gain and depth constant. Images were
exported to a hard drive for further analysis (cross-sectional
area and echogenicity) by a blinded assessor.

Image acquisition analyses
Blinded image acquisition analyses were performed on all sub-
jects (n = 32) by a previously trained and experienced assessor
according to a method similar to that of Parry et al.30 using
ImageJ software (NIH, Bethesda, MD, USA). The rectus femoris
cross-sectional area was measured at the widest point of the
muscle and reported in centimetres squared, plus echogenicity
in pixels.30 Echogenicity was determined by quantitative grey-
scale analysis of a 2 cm x 2 cm region of interest in the
muscle, where gain had been standardised.30The means and
standard deviation were calculated using the histogram func-
tion in the software and expressed as a value between 0 ( =
black) and 255 ( = white). Both measurements (i.e. rectus
femoris cross-sectional area and echogenicity) were repeated
three times and the average of each, provided all three
measurements were within 10% of another, were used for
analysis.30

In a subset of subjects (n = 11), a registered musculoskeletal
ultrasonographer, blinded to the primary assessor’s analyses,

Figure 1: Graphical display of the study flow. ICU: intensive care unit; US: ultrasound; ICC: intraclass correlation coefficients, US: ultrasound.
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repeated all measurements (cross-sectional area and echogeni-
city) as per the standardised operating procedure to determine
the accuracy of the blinded analyses.

Statistical analyses
The distribution of continuous variables was assessed with the
Shapiro–Wilk test. Based on the outcome, an independent
sample t-test was used for normally distributed data and the
results presented as means and 95% confidence intervals. In
the case of non-normal data distribution, a Wilcoxon rank
sum test was used and the data presented as median and inter-
quartile range. All values were reported with statistical signifi-
cance set at p < 0.05.

Inter- and intra-rater reliability were determined by calculating
intraclass correlation coefficients (ICC) and 95% confidence
intervals, based on an absolute-agreement, 2-way mixed-
effects model. ICC values were classified as poor (ICC < 0.50),
fair (ICC = 0.50–0.75), good (ICC = 0.75–0.90) and excellent
(ICC = 0.90–1.0). Intra-rater reliability was determined as
follows: ICC = between-subject variance/(between-subject var-
iance + within-subject variance). Between-subject variance
refers to the variance between images/measurements obtained
by the same operator on different subjects, and within-subject
variance to the variance between different images/measure-
ments obtained from an individual operator on the same
subject. Conversely, interrater reliability refers to the variance
between the two operators’ images/measurements of the
same subject. The reliability was determined by the ICC as set
out above, with the exception that within-subject variance was
now the variance between the two operators’ images of the
same subject. Interrater reliability was also applied to determine
the variance between the blinded assessor and registered sono-
grapher’s blinded analyses of the same US image.

Results

Reliability of US imaging technique
As set out in Table 2, the trainer yielded a mean rectus femoris
cross-sectional area of 4.14 (3.49–4.79) cm2 (median 3.96 cm2),
and the trainee recorded a mean rectus femoris cross-sectional
area of 3.97 (3.29–4.64) cm2 (median 3.63 cm2). There were no
statistically significant differences between the two operators
with a mean difference of 0.18 cm2 (−0.38–0.03), p = 0.08. For

rectus femoris echogenicity, the trainer recorded a mean of
82.75 (68.92–96.58) pixels (median 81.59 pixels) and the
trainee recorded a mean of 89.63 (75.04–104.34) pixels
(median 77.30 pixels). Again, there were no statistically signifi-
cant differences between the two operators with a mean differ-
ence of 6.88 pixels (−0.71–14.78), (p = 0.07).

Inter- and intra-rater reliability testing for both the US imaging
technique and image acquisition analyses is presented in
Table 3. Thirty-two (n = 32) pairs of between-operator measure-
ments were evaluated with a mean inter-rater ICC of 0.95 and
0.85 for rectus femoris cross-sectional area and echogenicity
respectively. In a subset of 15 subjects, where a second
measurement was obtained by both operators, an intra-rater
ICC of between 0.91 and 0.94 was obtained.

Reliability of image acquisition analyses
As listed in Table 3, 11 pairs of between-assessor measurements
were evaluated for the blinded image acquisition analyses.
These showed a mean inter-rater ICC of 1.00 and 0.97 for RF
echogenicity and rectus femoris cross-sectional area
respectively.

Discussion
One of the main objectives of the provision of nutritional
support to ICU patients is to stop or attenuate the loss in
muscle mass.1,14,15 Consequently, it is essential that dietitians
have access to an easy and accessible tool to monitor muscle
mass during critical illness.1,14,15 According to Rodrigues
et al.,1 conventional nutritional screening tools, such as the Sub-
jective Global Assessment (SGA). or nutritional assessment
tools, such as anthropometry, biochemical nutritional markers,
and bio-electrical impedance analysis, are influenced by
several factors, such as oedema, changes in serum inflammatory
markers, as well as trauma-related anatomical changes, or
patient sedation, which makes obtaining an accurate nutrition
history challenging.1,14,19 Conversely, musculoskeletal US
offers a cheap, non-invasive and easy-to-operate bedside tool
to assess muscle mass at baseline as part of the initial nutritional
and risk assessment and thereafter to monitor change over
time, as a guide to optimising nutritional and physical
therapy.13 In a previous retrospective analysis of prospectively
obtained US data at ICU admission,15 US-derived rectus
femoris cross-sectional area measurements correlated well

Table 2: Inter- and intra-rater reliability for ultrasound imaging and blinded analyses

Factor Sample size (n) Intra-class correlation coefficient (ICC)

95% CI

Lower limit Upper limit

Reliability of ultrasound imaging technique

Intra-rater reliability

CSA of RF (Operator 1) 15 0.94 0.83 0.98

CSA of RF (Operator 2) 15 0.92 0.79 0.97

Echogenicity of RF (Operator 1) 15 0.91 0.74 0.97

Echogenicity of RF (Operator 2) 15 0.94 0.83 0.98

Inter-rater reliability (between 2 operators)

CSA of RF 32 0.95 0.90 0.98

Echogenicity of RF 32 0.85 0.71 0.92

Reliability of ultrasound image acquisition analyses

Inter-rater reliability (between blinded assessor and sonographer)

CSA of RF 11 1.00 1.00 1.00

Echogenicity of RF 11 0.97 0.89 0.99

CSA: cross-sectional area, RF: rectus femoris, VI: vastus intermedius.
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with CT-derived total muscle cross-sectional area at the level of
the third lumbar vertebra (L3), and it was possible to assess low
muscularity at ICU admission based on established CT-derived
cut-offs for low muscularity. The literature, however, empha-
sises that an SOP is key to ensuring consistency of technique
as described above,13 and although Tillquist et al.31 showed
good intra- and inter-reliability of muscle US imaging per-
formed by range of operators with no prior US experience,
including dietitians, these were based on measurements of
quadriceps muscle layer thickness in healthy volunteers,
whereas rectus femoris cross-sectional area is regarded as
superior to quadriceps muscle layer thickness in estimating
muscle loss in critically ill patients.13,27 Recently, Baston
et al.32 found good interrater reliability (ICC 0.87; 0.54–0.97)
for US imaging of the RF CSA in 15 critically ill patients when
a standardised protocol was followed, but their imaging was
performed by trained sonographers. In our study US imaging
of the RF muscle performed by a dietitian trained according
to standardised methodology showed good to excellent intra-
and inter-rater reliability (ICC = 0.85–0.95).31 Training dietitians
to perform bedside US may hence offer a reliable tool to identify
and monitor high-risk patients with low muscle mass and
quality. When monitoring muscle quality (echogenicity) over
time, the same dietitian should ideally perform serial imaging,
given the stronger ICC for intra-rater reliability (> 0.90) versus
inter-rater reliability (0.85) that was observed in this study.
Our study also shows excellent inter-rater reliability between
the two blinded assessors who performed the image acquisition
analyses (i.e. CSA and echogenicity measurements using appro-
priate software) and future studies should investigate the
reliability of such measurements when performed by dietitians.

Limitations
A limitation of our study was that the two operators did not
perform a second measurement on all subjects, and that the
registered musculoskeletal sonographer also only repeated
the cross-sectional area and echogenicity measurements in a
subset, decreasing the strength of the study. Furthermore,
although this study established excellent reliability for US
images acquired by a registered dietitian trainee, the reliability
of dietitian involvement in the second step, i.e. image acqui-
sition analyses, should still be established in future studies.

Conclusion
This study shows good to excellent intra-rater and inter-rater
reliability for ultrasound imaging of the rectus femoris muscle
for determining muscle cross-sectional area and echogenicity
as a marker of muscle mass and quality in critically ill patients,
respectively. It also highlights that with standardised training,
multidisciplinary team members with no prior ultrasound
experience, such as dietitians, can accurately perform US
image acquisition as a means to measure muscle mass and
quality, which in turn may be incorporated into their nutritional

assessment and care plans. This has the potential to reduce
muscle loss over time, thereby reducing patient morbidity
and mortality, and ultimately may improve long-term patient
functionality and health-related quality of life.

Supplemental data – Additional supporting information may be
found online in the Supporting Information section at the end
of the article.
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