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Trial registration: This clinical trial is registered at
REBEC https://ensaiosclinicos.gov.br/search/query/sim-
ple?q=RBR2bzspnz.#gsc.tab=0&gsc.q=RBR-2bzspnz.&
gsc.page=1. The protocol was approved, on July 30, 2019,
by the Research Ethics Committee of the Hospital das
Clinicas, Faculdade de Medicina de Ribeirdo Preto—Trial
Registration Number: 3,475,851.

Nutritional therapy is important for critical patient care
and crucial for recovering from serious illnesses, morbid-
ity and mortality reduction by maintaining the functional
integrity of the gastrointestinal tract, decreasing the cata-
bolic response, in addition to contributing to the reduc-
tion in length of hospital stay resulting in a lower cost of
treatment [1]. Critical patients suffer early changes in the
quantity and quality of muscle mass [2]. Tools for identi-
fying the groups most susceptible to these complications
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are needed so that interventions can minimize the delete-
rious effects of malnutrition in critically ill patients. This
study aimed to compare the thickness of the quadriceps
muscle using ultrasonography and computed tomog-
raphy (CT) in critically ill patients with traumatic brain
injury (TBI). This is a prospective validation study with a
convenience sample carried out in an intensive care unit
(ICU) of a tertiary teaching hospital.

Serial ultrasounds (US) and CT were obtained upon
patient admission to the hospital. The second meas-
urement was 24 to 96 h after admission and the third
measurement 72 to 168 h after admission. All US meas-
urements were taken simultaneously with quadriceps
CT [3]. We have performed 21 measurements to assess
the inter-observer correlation in performing the US
and found a strong positive correlation (r=0.99) with
good limits of agreement using the Bland and Altman
analysis. The bias was 0.06 mm with the limit of agree-
ment ranging from —0.34 to 0.46. We performed 20
measurements to assess the intra-observer correlation,
and we found a strong positive correlation (r=0.99 for
both observers) with good agreement according to the
Bland and Altman analysis. The bias was —0.06 mm
with a limit of agreement ranging from —0.55 to 0.43
and a bias of 0.06 mm with a limit of agreement rang-
ing from — 0.37 to 0.49, respectively. Fifty patients were
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eligible for the study. We analyzed 252 images in 49
patients, since 49 participated in the study in time 1 of
the images, 40 patients in time 2 and 37 in time 3.

In this study, the reference standard for assessing
muscle mass was performed with CT. The accuracy
of the assessment of muscle mass by CT is well estab-
lished, as it is a method that allows separating muscle,
fat and other tissues.

The evaluation of the thickness quadriceps muscle
between US and CT was evaluated in three measure-
ment times. Spearman’s correlation coefficient was
used to investigate relationships between measured
variables. The coefficients obtained were r=0.95,
p<0.01, at time 1 (Fig. 1A), r=0.92, p<0.01, at time 2
(Fig. 1B), and r=0.88, p<0.01, at time 3 (Fig. 1C). In
addition to a positive correlation, we observed a high
agreement between the methods. The Bland and Alt-
man analysis at time 1 showed the bias of 1.5 with lim-
its of agreement varied between — 3.7 and 6.7 (Fig. 1D).
At time 2, the bias was 1.92 with limits of agreement
varied between —5.3 and 9.2 (Fig. 1E). At time 3, the
bias of 3.2 mm with limits of agreement varied between
—4.7 and 11.1 (Fig. 1F).
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The median of the quadriceps muscle thickness (QMT)
values was 31 mm for tomography and 30 mm for US at
time 1 (p=0.0002), 32 mm for tomography and 30 mm
for US at time 2 (p=0.0021) and 34 mm for tomography
and 32 mm for US at time 3 (p=0.00002). We observed
a strong positive correlation and good concordance of
values with small differences between the two methods,
which are irrelevant for clinical practice (Fig. 1).

In this study, we proposed the validation of ultrasonog-
raphy in comparison with the gold standard (CT) to
assess the thickness of the quadriceps muscle in critically
ill patients who are victims of TBI. The US is a non-inva-
sive, low-cost method, which is performed at the bedside,
being feasible in critically ill patients, since the entire
arsenal of tools for nutritional assessment is limited when
applied to critically ill patients.

Recognition of low musculature on admission to the
ICU is important for nutritional intervention and reha-
bilitation [4]. Low musculature on admission to the ICU
poses a risk of mortality and physical disability. Enteral
nutrition and early mobilization are recommended in
critically ill patients [5]. Most patients showed a decrease
in muscle mass, but this was not constant since intra-
muscular edema is one of the contributing factors. More
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Fig. 1 A Spearman’s correlation computed tomography (CT) x ultrasound (US) at time 1, B Spearman’s correlation CT x US at time 2, C Spearman’s
correlation CT x US at time 3, D Bland and Altman analysis at time 1, E Bland and Altman analysis at time 2, F Bland and Altman analysis at time 3
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studies need to be carried out, such as validation proto-
cols comparing US with reference techniques, mainly in
critically ill patients with edematous areas, in which mus-
cle mass loss can occur without changes in QMT, where
the water content can affect measurements. It is interest-
ing to perform maximum compression protocols by US
in addition to echogenicity assessment so that the accu-
racy of the analysis can be increased. Our results suggest
that ultrasonography might be useful as a tool to assess
QMT in critically ill patients with TBI, showing good
correlation and concordance with CT.
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