Clinical Nutrition ESPEN 45 (2021) 177—-183

Contents lists available at ScienceDirect CLINICAL

NUTRITION
ESPEN &5

Clinical Nutrition ESPEN

journal homepage: http://www.clinicalnutritionespen.com

Original article

Ultrasound assessment of muscle mass has potential to identify N
patients with low muscularity at intensive care unit admission: A e
retrospective study

Yuta Arai > !, Nobuto Nakanishi ¢ ™, Yuko Ono €, Shigeaki Inoue ¢, Joji Kotani ¢,
Masafumi Harada °, Jun Oto d

2 Emergency and Disaster Medicine, Tokushima University Hospital, 2-50-1 Kuramoto, Tokushima, 770-8503, Japan

b Department of Radiology, Tokushima University Hospital, 2-50-1 Kuramoto, Tokushima, 770-8503, Japan

€ Department of Disaster and Emergency Medicine, Graduate School of Medicine, Kobe University, 7-5-2 Kusunoki, Chuo-ward, Kobe, 650-0017, Japan
d Emergency and Critical Care Medicine, Tokushima University Hospital, 2-50-1 Kuramoto, Tokushima, 770-8503, Japan

ARTICLE INFO SUMMARY

Article history: Background & aims: Muscle mass is an important biomarker of survival from a critical illness; however,

Received 19 May 2021 there is no widely accepted method for routine assessment of low muscularity at intensive care unit (ICU)

Accepted 26 August 2021 admission. We hypothesize that ultrasound-based partial muscle mass assessments can reflect the trunk
muscle mass. Therefore, we aimed to investigate whether ultrasound muscle mass measurements could
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Methods: We performed a retrospective analysis of prospectively obtained ultrasound data at ICU
admission. We included patients who underwent computed tomography (CT) imaging at the third
lumbar vertebra (L3) within 2 days before and 2 days after ICU admission. Primary outcomes included
the correlation between the femoral muscle mass measurements using ultrasound and the cross-
sectional area (CSA) at L3 obtained by CT. Low muscularity was defined as a skeletal muscle index of
36.0 cm?/m? for males and 29.0 cm?/m? for females. Secondary outcomes included the correlation with
the ultrasound measurements of the biceps brachii muscle mass and diaphragm thickness.
Results: Among 133 patients, 89 underwent CT imaging, which included the L3. The patient mean age
was 72 + 13 years, and 60 patients (67%) were male. The correlation between the femoral muscle ul-
trasound and CT was p = 0.57 (p < 0.01, n = 89) and p = 0.48 (p < 0.01, n = 89) for quadriceps muscle
layer thickness and rectus femoris muscle CSA, and these had the discriminative power to assess low
muscularity, with the areas under the curve of 0.84 and 0.76, respectively. The ultrasound measurements
of the biceps brachii muscle mass and diaphragm thickness were correlated with CT imaging [p = 0.57
—0.60 (p < 0.01, n = 52) and p = 0.35 (p < 0.01, n = 79)].
Conclusions: Ultrasound measurements of muscle mass were correlated with CT measurements, and the
measurements of femoral muscle mass were useful to assess low muscularity at ICU admission.
Trial registration. UMIN000044032 (retrospectively registered on April 25, 2021).

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Abbreviations: ICU, intensive care unit; CT, computed tomography; L3, the third . Musclle mass Is an important blomarker _Of SUI.’Vlval from .a
lumbar vertebra; CSA, cross-sectional area; AUC, area under the receiver operating critical illness because low muscularity at intensive care unit
characteristic curve; IQR, interquartile range; CI, confidence interval. (ICU) admission is associated with higher mortality and ICU-
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increased attention [3]. The identification of low muscularity is
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strategies. Both are needed to maintain muscle mass during ICU
hospitalization. However, to date, there is no widely accepted
method for routine assessment of low muscularity at ICU
admission.

Several methods have been used to assess muscle mass [4]. In
general, dual-energy X-ray absorptiometry and bioelectrical
impedance analyses have been used to assess whole-body muscle
mass [5]. However, these indirect muscle mass assessments are
inaccurate in critically ill patients because these are influenced by
dynamic fluid changes [6—8]. Furthermore, it is challenging to
transport patients to a dual-energy X-ray absorptiometry machine.
During a critical illness, computed tomography (CT) is considered
the gold standard to assess muscle mass because it can visually
separate muscle mass from other tissues [9]. Although CT is a
reliable method to measure muscle mass, prospective CT evaluation
is infeasible because of patient transportation risks and radiation
exposure [10]. By contrast, ultrasound is an emerging tool used to
measure muscle mass noninvasively at the bedside [11]. Although
ultrasound is used to assess limb muscles, it is unclear whether
partial muscle mass assessments reflect trunk muscle mass in
critically ill patients. To validate the ultrasound assessments of
muscularity, it is important to show the measurement correlation
between ultrasound and CT.

The femoral muscle is assessed commonly using ultrasound, in
which muscle thickness or cross-sectional area (CSA) measure-
ments are performed [4]. However, it is unclear whether these mass
measurements reflect the trunk or partial muscle mass in critically
ill patients. Given that a previous study reported that the CSA of the
rectus femoris is preferable than thickness for physical functions
[12,13], we hypothesized that CSA is associated with the trunk
muscle mass. We retrospectively evaluated the muscle mass area at
the level of the third lumbar vertebra (L3) using CT, and compared it
with those obtained from prospectively obtained ultrasound data
at ICU admission. This study aimed to investigate whether ultra-
sound muscle mass measurements were correlated with CT mea-
surements, and could identify patients with low muscularity at ICU
admission.

2. Materials & methods
2.1. Study design

This two-center retrospective study was conducted in the mixed
medical/surgical ICUs of Tokushima University Hospital and
Tokushima Prefectural Central Hospital. The study complied with
the principles of the Declaration of Helsinki and was approved by
the clinical research ethics committees of Tokushima University
Hospital (approval number 2593) and Tokushima Prefectural Cen-
tral Hospital (approval number 1739). Prospectively obtained data
from May 2016 to June 2020 were retrospectively analyzed. This
study was retrospectively registered at UMIN-Clinical Trials Regis-
try (UMIN000044032). At the time of data acquisition, written
informed consent was obtained from patients or their relatives. A
part of this study was previously published [7,14,15].

2.2. Study population

We included patients who met the following criteria: (1) adults
(>18 years) admitted to ICU; (2) those expected to stay in ICU for >5
days; (3) those who underwent the ultrasound assessments of the
rectus femoris muscle at the day of ICU admission; and (4) those
who underwent the CT assessments of the L3 within 2 days before
and after ICU admission. The following patients were excluded
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from the studies: those with (1) primary neuromuscular disease
and (2) obstacles at the ultrasound measurement site.

2.3. Ultrasound

We used a linear transducer and performed B-mode imaging.
The details of equipment were shown in Table S1. The measure-
ments were performed at the dominant limb or right limb under no
information. Elbows and knees were extended in the supine posi-
tion, and the transducer was placed perpendicular to the long axis
of the limbs. The measurements included the quadriceps muscle
layer thickness and rectus femoris muscle CSA. Measurements were
performed midway between the anterior superior iliac spine and
the proximal end of the patella as a common landmark [4]. The
quadriceps muscle layer thickness, including the rectus femoris and
vastus intermedius muscles, was measured from the superficial
fascia of the rectus femoris to the uppermost part of the femur
(Fig. S1). CSA was measured by outlining the area shown in the
transverse plane (Fig. S2). The elbow flexor muscle thickness and
biceps brachii muscle CSA were measured at a distance equal to
two-thirds of the distance from the acromion to the antecubital
crease as a common landmark [16,17]. The elbow flexor muscle
thickness, including the biceps brachii and brachialis muscles, was
measured from the superficial fascia of the biceps brachii muscle to
the uppermost part of the humerus. The diaphragm was measured
at the end expiration on the right chest wall at the zones of
apposition 0.5—-2 cm below the costophrenic sinus between the
antero-axillary and the midaxillary lines (Fig. S3) [18]. The ultra-
sound measurements were performed three times by a physician
(N.N.), and the median value was used for evaluation. Generous
amounts of contact gel was used for minimal compression because
probe compression strength affects measurement accuracy [19].
The reliability of measurements was confirmed by another ICU
physician, as reported previously (Table S2) [14,15].

24. CT

CT was used to evaluate muscle mass at the L3 level, which has
been reported to correlate with the trunk muscle mass in patients
with cancer [20]. A board-certified radiologist (A.Y.) retrospectively
measured the total muscle mass in the CT image at the middle point
of the L3 where transverse processes were visualized (Fig. S4). At
this slice level, the total muscle area included the psoas, quadratus
lumborum, transversus abdominis, external and internal obliques,
and rectus abdominis muscles. CT images acquired within 2 days
before and after ICU admission were included in the analyses, and
examinations performed closest to the day of ICU admission were
used for comparisons in patients with multiple CT examinations.
The radiologist was blinded to all clinical characteristics. All images
were analyzed using Image] software (National Institutes of Health,
Bethesda, MD, USA) [21]. The reliability of measurements was
confirmed in 10 patients by 2 examiners (Y.A. and N.N.). The
intraclass correlation coefficient was p = 0.98 (p < 0.01), and the
interclass value was p = 0.94 (p < 0.01). The Bland—Altman plot
yielded a bias of —1.24 + 1.58 and —4.83 to 2.34 at the 95% confi-
dence interval (CI) regarding intraobserver reproducibility and a
bias of —0.94 + 2.67 and —6.98 to 5.10 at the 95% CI regarding
interobserver reproducibility.

Low muscularity was identified using the skeletal muscle index,
which is calculated by dividing the CT image CSA at L3 by height
squared. The sex-specific cutoff point was set to 36.0 cm?/m? for
males and 29.0 cm?/m? for females, which are one of the commonly
used cutoff points for low muscularity in the Asian population [22].
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These cutoff points were previously reported to be important in
Japanese patients with cancer [23].

2.5. Outcomes

The primary outcome was the relationship between the ultra-
sound assessments of the quadriceps muscle layer thickness or
rectus femoris muscle CSA and the CT assessment of L3 CSA. We
also assessed whether these ultrasound assessments can predict
low muscularity in the same manner as that assessed by CT. Sec-
ondary outcomes of this study included the relationship with the
ultrasound measurements of elbow flexor muscle thickness, biceps
brachii muscle CSA, the sum of rectus femoris and biceps brachii
muscle CSA, and diaphragm thickness.

2.6. Statistical analyses

Continuous variables were presented as the mean (standard
deviations) or median values [interquartile ranges (IQRs)], whereas
categorical data were presented as counts and proportions. Vari-
ables were compared using either the t-test or the Mann—Whitney
U test. The Spearman correlation coefficient was used to investigate
relationships in primary and secondary outcomes. The area under
the receiver operating characteristic curve (AUC) was generated to
determine the cutoff values of ultrasound assessments for low
muscularity. Sample size was not calculated a priori and was based
as per feasibility because of the retrospective nature of the study.
For reproducibility, the Spearman correlation coefficient and the
Bland—Altman plot were determined using JMP statistical software,
version 13.1.0 (SAS Institute Inc., Cary, NC, USA).

3. Results

In total, 133 patients underwent ultrasound measurements of
the femoral muscle mass. Among them, 89 patients underwent CT
imaging at the L3 level within 2 days of ICU admission (Fig. 1). Fifty-
nine patients underwent CT examinations immediately after ICU

Clinical Nutrition ESPEN 45 (2021) 177—183

admission. CT examinations were performed in 10 and 4 patients
on days 1 and 2 after ICU admission, respectively, and in 13 and 3
patients on days 1 and 2 days before ICU admission, respectively.
The time between the ultrasound and CT assessments was 0 day
(IQR, 0—1 day).

The patient characteristics are summarized in Table 1. The pa-
tient mean age was 72 + 13 years, and 60 patients (67%) were male.
The median Acute Physiology and Chronic Health Evaluation II
score was 27 (IQR, 24—30), and the median length of ICU stay was 7
(IQR, 5—14) days. Seventy-eight (88%) patients were mechanically
ventilated, and 15 (16%) were admitted postoperatively. Low
muscularity, assessed by CT, was observed in 24 (27%) patients. The
median thickness of the quadriceps muscle layer and CSA of the
rectus femoris muscle were 2.4 (IQR, 1.8—3.1) cm and 4.9 (IQR,
3.9-6.5) cm?, respectively. There was a significant difference in the
body mass index (p < 0.01), quadriceps muscle layer thickness
(p < 0.01), rectus femoris muscle CSA (p < 0.01), elbow flexor
muscle thickness (p < 0.01), biceps brachii muscle CSA (p < 0.01),
and muscle mass on CT between low and normal muscularity
(p < 0.01).

The ultrasound measurements of the femoral muscle at ICU
admission were correlated with the muscle mass at the L3
measured by CT (Fig. 2). The correlations of the quadriceps muscle
layer thickness and rectus femoris muscle CSA were p = 0.57
(p<0.01,n=89) and p = 0.48 (p < 0.01, n = 89), respectively. The
thickness of the quadriceps muscle layer thickness had the
discriminative power to assess low muscularity at the AUC of 0.84
(95% CI, 0.74—0.94), in which the cutoff value of 2.0 cm had a
sensitivity of 83.3% and specificity of 78.5% (Fig. 3). By contrast, the
CSA of the rectus femoris muscle had the discriminative power to
assess low muscularity at the AUC of 0.76 (95% CI, 0.65—0.88), in
which the cutoff value of 4.7 cm? had a sensitivity of 79.2% and
specificity of 66.2%.

Among the secondary outcomes, the elbow flexor muscle
thickness, biceps brachii muscle CSA, the sum of rectus femoris and
biceps brachii muscle CSA, and diaphragm muscles were assessed
in 52, 52, 52, and 79 of the 89 patients, respectively (Fig. 4). The

Ultrasound assessment
of femoral muscle
at the ICU admission
(n=133)

No CT examination at L3 level
(n=44)

Primary outcome
CT examination at L3 level

(n=89)

Secondary outcome
Ultrasound assessment of

biceps brachii muscle
(n=52)

Secondary outcome
Ultrasound assessment of

diaphragm muscle
(n=79)

Fig. 1. Flowchart of patients included in this study. Among the 133 patients screened, 89 underwent computed tomography (CT) examinations at the level of the third lumbar
vertebra. Secondary outcomes included the ultrasound assessments of the biceps brachii (n = 52) and diaphragm muscles (n = 79) (CT, computed tomography; L3, third lumbar

vertebra).
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Table 1
Patient characteristics.
Variables All patients Low muscularity® Normal muscularity p-value
(n=89) (n=24) (n = 65)
Age, mean + SD, y 72 £ 13 76 £ 11 70 + 13.6 0.07
Male/Female 60/29 16/8 44/21 0.93
Body mass index, mean + SD, kg/m? 222 +44 18.6 + 3.0 235 +40 <0.01
APACHE I score 27 (24-30) 28 (25—-32) 27 (23-30) 0.31
SOFA 8 (6—-11) 8 (6—-11) 0(6—-12) 0.66
Sepsis (Sepsis-3 criteria), n (%) 40 (49) 24 (56) 6 (41) 0.27
Postoperative admissions, n (%) 14 (16) 14) 3(20) 0.07
Mechanical ventilation, n (%) 78 (88) 19 (79.2) 59 (90.8) 0.16
Length of ICU stay, d 7 (5—14) 6 (4-11) 7 (5—-17) 0.13
Length of hospital stay, d 29 (18-51) 22 (15—-44) 30 (21-51) 0.39
Mortality in the ICU, n (%) 16 (18.0) 4(17) 12 (19) 0.85
Mortality in the hospital, n (%) 25(28.1) 10 (41.7) 15(23.1) 0.08
Ultrasound
Quadriceps muscle layer thickness (cm) 4 (1.8-3.1) 1.7 (1.4-2.0) 2.8(2.1-3.2) <0.01
Rectus femoris muscle CSA (cm?) 9 (3.9-6.5) 3.9 (2.9-4.6) 54 (41-7.1) <0.01
Elbow flexor muscle thickness (cm)® (2 3-3.1) 2.3 (2.0-2.7) 3.2(2.8-34) <0.01
Biceps brachii muscle CSA (cm?)° (4 6-8.6) 5.1(3.6-5.4) 6.8 (5.1-9.0) <0.01
Diaphragm thickness (mm)© 8(1.4-2.1) 1.7 (1.3-2.0) 1.8 (1.5-2.2) 0.28
Computed tomography
CSA at 3" lumbar vertebra (cm?) 102.8 (77.1-133.2) 69.2 (54.1-80.5) 118.9 (97.0—-143.5) <0.01

APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SD: standard deviation; ICU: intensive care unit; IQR: interquartile

range; CSA: Cross-sectional area.
Data were presented as median (IQR) unless otherwise indicated.

3 Low muscularity was defined as skeletal muscle index <36.0 cm?/m? for males and 29.0 cm?/m? for female.
b Included number of patients was 52 with 13 of low muscularity and 39 of normal muscularity.
¢ Included number of patients was 79 with 22 of low muscularity and 57 of normal muscularity.
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Fig. 2. Relationships between the ultrasound measurements of the quadriceps muscle layer thickness or rectus femoris muscle CSA and CT measurements of the cross-sectional
area at the third lumbar vertebra. (A) Quadriceps muscle layer thickness and (B) Rectus femoris muscle CSA. The Spearman correlation coefficient was used to investigate the

relationships. CSA: cross-sectional area, CT: computed tomography.

ultrasound measurements of these at ICU admission were corre-
lated with the muscle mass at the L3 measured by CT. The elbow
flexor muscle thickness and biceps brachii muscle CSA yielded the
correlations of p = 0.57 (p < 0.01, n = 52) and p = 0.60 (p < 0.01,
n = 52), respectively. The sum of rectus femoris and biceps brachii
muscle CSA yielded the correlation of p = 0.57 (p < 0.01, n = 52).
The thickness of the diaphragm yielded a correlation of p = 0.35
(p <0.01,n=79).

4. Discussion
In this study on 89 critically ill patients, we investigated

whether ultrasound-based quadriceps muscle layer thickness and
rectus femoris muscle CSA measurements are indicators of low
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muscularity. Contrary to our hypothesis, both the thickness and CSA
were good indicators of low muscularity at ICU admission. More-
over, the biceps brachii muscle and diaphragm were weak-to-
moderate indicators of trunk muscle mass. Given that CT is not
routinely available to critically ill patients, the ultrasound mea-
surement of the quadriceps muscle layer thickness and rectus
femoris muscle CSA can be an alternative for the noninvasive
assessment of low muscularity at ICU admission.

This study provides several important intellectual data. First, we
found that both the quadriceps muscle layer thickness and rectus
femoris muscle CSA are good indicators of the trunk muscle mass.
Previous studies investigated the quadriceps muscle thickness and
showed that its thickness was correlated with muscle mass
measured using CT [24,25]. However, differences between the
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Fig. 3. Areas under the receiver operating characteristic curves (AUCs) were estimated to determine the cutoff values of ultrasound assessments for low muscularity. The Youden
index was used to identify the optimal cutoff value. (A) Quadriceps muscle layer thickness and (B) Rectus femoris muscle CSA. (A) cutoff value was 2.0 cm at the sensitivity of 83.3%
and the specificity of 78.5% and (B) cutoff value was 4.66 cm? at the sensitivity of 79.2% and the specificity of 66.2%. AUC: areas under the receiver operating characteristic curves,

CSA: cross-sectional area, CI: confidence interval.
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Fig. 4. Relationships with the ultrasound measurements of elbow flexor muscle thickness, biceps brachii muscle CSA, sum of rectus femoris and biceps brachii muscle CSA, and
diaphragm thickness. (A) elbow flexor muscle thickness, (B) biceps brachii muscle CSA, (C) sum of rectus femoris and biceps brachii muscle CSA, (D) diaphragm thickness. CSA:
cross-sectional area. Correlation between ultrasound and computed tomography measurements were evaluated. The Spearman correlation coefficient was used to investigate the

relationships.

thickness and CSA had not been clarified in previous studies.
Although thickness measurement is not correlated with functional
impairments [12,13], the thickness measurement reflects the trunk
muscle mass. Second, this study sets the standard values of the
quadriceps muscle layer thickness and rectus femoris muscle CSA
at ICU admission. Few studies have investigated subject groups
using ultrasound at ICU admission. The quadriceps muscle layer
thickness of 2.0 cm and the rectus femoris muscle CSA of 4.7 cm?
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can be set as cutoff values for low muscularity at ICU admission.
Hida et al. investigated the cutoff value of the rectus femoris muscle
for low muscularity in healthy volunteers; however, the values in
critically ill patients have not been reported [26]. We showed the
standard value of quadriceps muscle layer thickness and rectus
femoris muscle CSA at ICU admission in all 133 patients (Table S3),
which may contribute to the clinical application of ultrasound
muscle mass assessment in critically ill patients.
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Of note, the biceps brachii muscle mass was correlated with the
trunk muscle mass. This finding is important because the muscle
mass assessments of the biceps brachii muscle may replace the
femoral muscle for muscularity assessments. The extension of the
lower limb for femoral muscle measurements requires critically ill
patients to be placed in a supine position because the bed angle
affects lower limb extension [27]. During a critical illness, particu-
larly at ICU admission, the flat position may be risky in some pa-
tients. By contrast, the biceps brachii muscle can be extended,
regardless of the bed angle. Furthermore, the upper limb can be
measured more easily because the biceps brachii muscle is exposed
to the outside, whereas the femoral muscle measurements need
preparation pertaining to the removal of the patient's clothing. The
upper limb circumference has been used to calculate the upper
limb muscle mass; however, it is not accurate to evaluate the
muscle mass in critically ill patients [28]. This is reasonable because
the circumference indirectly evaluates the upper limb muscle mass,
whereas ultrasound evaluates it directly. Therefore, the ultrasound
biceps brachii muscle measurement is a promising method for
muscle mass assessments.

Contrary to previous studies [29,30], the sum of rectus femoris
and biceps brachii muscle CSA did not improve the correlation
with the trunk muscle mass. Campbell et al. reported that the sum
of elbow flexor, anterior forearm, and quadriceps femoris thick-
nesses was useful to evaluate muscularity [29]. Likewise, Lambell
et al. reported that the sum of elbow flexor, bilateral quadriceps
femoris thicknesses, and patient characteristics improved the
correlation with the trunk muscle mass [30]. The utility to add
muscle mass may depend on the measurement site and the con-
tent to be added. We did not analyze which combination improves
the correlation because this was not our primary purpose. There-
fore, this result needs further investigation. However, at the very
least, this result may indicate that a single site muscle mass
measurement is sufficient to assess the trunk muscle mass in
critically ill patients.

In addition to the biceps brachii muscle, the diaphragm was
also correlated with muscularity. We found that the diaphragm
thickness differs among critically ill patients. Sklar et al. reported
that a diaphragm thickness of <2.3 mm is associated with pro-
longed mechanical ventilation and mortality [31]. Our finding
suggests that patients with low muscularity are likely to have low
diaphragm thickness. Hence, preventing further diaphragm atro-
phy is an urgent matter in such patients. Diaphragm atrophy may
be prevented by avoiding excessive ventilatory support and
inflammation [32,33]. Furthermore, diaphragm muscle training
can preserve diaphragm muscle thickness [34]. The prevention
and treatment of diaphragm atrophy are being investigated glob-
ally; however, few treatments exist [35]. Physical rehabilitation,
such as mobilization, may contribute to treating diaphragm mus-
cle atrophy as well as trunk muscle mass because of the associated
relationship [36].

Based on the outcomes of the present study, we propose using
ultrasound to assess muscularity at the time of ICU admission. The
recognition of low muscularity at ICU admission is important for
nutritional and rehabilitation intervention. Low muscularity at ICU
admission harbors a risk of mortality and physical disability [37].
Early enteral nutrition and early mobilization are recommended in
critically ill patients [38,39], and we propose that personalized
management based on muscularity could prevent further muscle
loss. Given that we provided the cutoff value of ultrasound as-
sessments, it may be possible to assess low muscularity using ul-
trasound. Additional studies are, however, needed to confirm that
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ultrasound muscle mass assessments can be used to improve pa-
tient management in ICU.

4.1. Limitations

First, this was a retrospective analysis of an observational study.
Therefore, prospective studies should be conducted to validate
these findings. Second, the reliable cutoff value of low muscularity
is unclear for the entire ICU population. Therefore, we used a cutoff
value for Japanese patients with cancer to avoid ethnicity differ-
ences. Third, it is still unclear whether muscle CSA at the L3
assessed by CT is related to whole-body muscularity in ICU popu-
lation. Fourth, CT and ultrasound examinations were performed
within 2 days before and after admission and not on the same day.
However, these examinations were performed in the difference of
0 days (IQR, 0—1 days). Thus, temporal differences were not
considered influential.

5. Conclusions

We retrospectively evaluated the relationship between ultra-
sound and CT muscle mass assessments and found that ultrasound
measurements of the quadriceps muscle layer thickness and rectus
femoris muscle CSA can serve as indicators of low muscularity.
Furthermore, the elbow flexor muscle thickness, biceps brachii
muscle CSA, and diaphragm thickness had weak-to-moderate cor-
relation to trunk muscle mass. At ICU admission, the ultrasound
assessment of muscle mass can be a promising method to identify
low muscularity.

Funding

This study was partly supported by a crowd funding project
entitled the Muscle Atrophy Zero Project using the platform
“Otsucle” <https://otsucle.jp/cf/project/2553.html>. This study was
partially supported by JSPS KAKENHI Grant Number JP20K17899.

Authors' contributions

A.Y. participated in data acquisition and manuscript drafting.
N.N. participated in study design, data acquisition, analysis, and
manuscript drafting. The first two authors contributed equally to
this study as first authors. Y.O. participated in manuscript revision.
Profs. S.I., J.K., M.H., and ].O. supervised all aspects of this study. All
authors read and approved the final manuscript.

Declaration of competing interest

The authors declare that they have no competing interests.
Acknowledgements

The authors are grateful for the cooperation and support of the
ICU staff during the study. The authors thank all those who sup-

ported the Muscle Atrophy Zero Project, which aims to prevent
muscle atrophy in patients.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnesp.2021.08.032.


https://otsucle.jp/cf/project/2553.html
https://doi.org/10.1016/j.clnesp.2021.08.032

Y. Arai, N. Nakanishi, Y. Ono et al.

References

(1l

[2

3]

[4

[5

[6

(7

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Weijs PJ, Looijaard WG, Dekker IM, Stapel SN, Girbes AR, Oudemans-van
Straaten HM, et al. Low skeletal muscle area is a risk factor for mortality in
mechanically ventilated critically ill patients. Crit Care 2014;18:R12.

Mitobe Y, Morishita S, Ohashi K, Sakai S, Uchiyama M, Abeywickrama H, et al.
Skeletal muscle index at intensive care unit admission is a predictor of
intensive care unit-acquired weakness in patients with sepsis. J Clin Med Res
2019;11:834—41.

Akan B. Influence of sarcopenia focused on critically ill patients. Acute Crit
Care 2021;36:15—-21.

Nakanishi N, Okura K, Okamura M, Nawata K, Shinohara A, Tanaka K, et al.
Measuring and monitoring skeletal muscle mass after stroke: a review of
current methods and clinical applications. ] Stroke Cerebrovasc Dis 2021;30:
105736.

Chen LK, Woo ], Assantachai P, Auyeung TW, Chou MY, lijima K, et al. Asian
working group for sarcopenia: 2019 consensus update on sarcopenia diag-
nosis and treatment. ] Am Med Dir Assoc 2020;21:300—307.e2.

Kim D, Sun JS, Lee YH, Lee JH, Hong ], Lee JM. Comparative assessment of
skeletal muscle mass using computerized tomography and bioelectrical
impedance analysis in critically ill patients. Clin Nutr 2019;38:2747—55.
Nakanishi N, Tsutsumi R, Okayama Y, Takashima T, Ueno Y, Itagaki T, et al.
Monitoring of muscle mass in critically ill patients: comparison of ultrasound
and two bioelectrical impedance analysis devices. ] Intensive Care 2019;7:61.
St-Onge MP, Wang Z, Horlick M, Wang J, Heymsfield SB. Dual-energy X-ray
absorptiometry lean soft tissue hydration: independent contributions of intra-
and extracellular water. Am ] Physiol Endocrinol Metab 2004;287:E842—7.
Dong V, Karvellas CJ. Using technology to assess nutritional status and opti-
mize nutrition therapy in critically ill patients. Curr Opin Clin Nutr Metab Care
2021;24:189-94.

Okada Y, Kiguchi T, Okada A, lizuka R, Iwami T, Ohtsuru S. Predictive value of
sarcopenic findings in the psoas muscle on CT imaging among patients with
sepsis. Am ] Emerg Med 2021;47:180—6.

Weinel LM, Summers M], Chapple L-A. Ultrasonography to measure quadri-
ceps muscle in critically ill patients: a literature review of reported method-
ologies. Anaesth Intensive Care 2019;47:423—34.

Puthucheary ZA, McNelly AS, Rawal ], Connolly B, Sidhu PS, Rowlerson A, et al.
Rectus femoris cross-sectional area and muscle layer thickness: comparative
markers of muscle wasting and weakness. Am ] Respir Crit Care Med
2017;195:136-8.

Palakshappa JA, Reilly JP, Schweickert WD, Anderson BJ], Khoury V,
Shashaty MG, et al. Quantitative peripheral muscle ultrasound in sepsis:
muscle area superior to thickness. ] Crit Care 2018;47:324—30.

Nakanishi N, Oto ], Tsutsumi R, Akimoto Y, Nakano Y, Nishimura M. Upper
limb muscle atrophy associated with in-hospital mortality and physical
function impairments in mechanically ventilated critically ill adults: a two-
center prospective observational study. ] Intensive Care 2020;8:87.
Nakanishi N, Oto ], Ueno Y, Nakataki E, Itagaki T, Nishimura M. Change in dia-
phragm and intercostal muscle thickness in mechanically ventilated patients: a
prospective observational ultrasonography study. ] Intensive Care 2019;7:56.
Barotsis N, Tsiganos P, Kokkalis Z, Panayiotakis G, Panagiotopoulos E. Reli-
ability of muscle thickness measurements in ultrasonography. Int J Rehabil
Res 2020;43:123-8.

Perkisas S, Bastijns S, Baudry S, Bauer ], Beaudart C, Beckwée D, et al. Appli-
cation of ultrasound for muscle assessment in sarcopenia: 2020 SARCUS up-
date. Euro Geriatr Med 2021;12:45—-59.

Tuinman PR, Jonkman AH, Dres M, Shi ZH, Goligher EC, Goffi A, et al. Respi-
ratory muscle ultrasonography: methodology, basic and advanced principles
and clinical applications in ICU and ED patients-a narrative review. Intensive
Care Med 2020;46:594—605.

Nakanishi N, Inoue S, Tsutsumi R, Akimoto Y, Ono Y, Kotani J, et al. Rectus
femoris mimicking ultrasound phantom for muscle mass assessment: design,
research, and training application. ] Clin Med 2021;10:2721.

Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE.
A practical and precise approach to quantification of body composition in
cancer patients using computed tomography images acquired during routine
care. Appl Physiol Nutr Metabol 2008;33:997—1006.

183

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

[34]

[35]

(36]

[37]

[38]

(39]

Clinical Nutrition ESPEN 45 (2021) 177—183

Gomez-Perez SL, Haus JM, Sheean P, Patel B, Mar W, Chaudhry V, et al.
Measuring abdominal circumference and skeletal muscle from a single cross-
sectional computed tomography image: a step-by-step guide for clinicians
using national institutes of health image]. JPEN - ] Parenter Enter Nutr
2016;40:308—18.

Su H, Ruan J, Chen T, Lin E, Shi L. CT-assessed sarcopenia is a predictive
factor for both long-term and short-term outcomes in gastrointestinal
oncology patients: a systematic review and meta-analysis. Canc Imag
2019;19:82.

Iritani S, Imai K, Takai K, Hanai T, Ideta T, Miyazaki T, et al. Skeletal muscle
depletion is an independent prognostic factor for hepatocellular carcinoma.
] Gastroenterol 2015;50:323—32.

Fetterplace K, Corlette L, Abdelhamid YA, Presneill J], Paris MT, Stella D, et al.
Assessment of muscle mass using ultrasound with minimal versus maximal
pressure compared with computed tomography in critically ill adult patients.
Aust Crit Care 2021;34:303—10.

Paris MT, Mourtzakis M, Day A, Leung R, Watharkar S, Kozar R, et al. Validation
of bedside ultrasound of muscle layer thickness of the quadriceps in the
critically ill patient (VALIDUM study). JPEN - ] Parenter Enter Nutr 2017;41:
171-80.

Hida T, Ando K, Kobayashi K, Ito K, Tsushima M, Kobayakawa T, et al. Ultra-
sound measurement of thigh muscle thickness for assessment of sarcopenia.
Nagoya ] Med Sci 2018;80:519—-27.

Hacker ED, Peters T, Garkova M. Ultrasound assessment of the rectus femoris
cross-sectional area: subject position implications. West ] Nurs Res 2016;38:
1221-30.

Lambell K], Earthman CP, Tierney AC, Goh GS, Forsyth A, King SJ. How does
muscularity assessed by bedside methods compare to computed tomography
muscle area at intensive care unit admission? A pilot prospective cross-
sectional study. ] Hum Nutr Diet 2021;34:345—55.

Campbell IT, Watt T, Withers D, England R, Sukumar S, Keegan MA, et al.
Muscle thickness, measured with ultrasound, may be an indicator of lean
tissue wasting in multiple organ failure in the presence of edema. Am ] Clin
Nutr 1995;62:533—9.

Lambell K], Tierney AC, Wang ]JC, Nanjayya V, Forsyth A, Goh GS, et al. Com-
parison of ultrasound-derived muscle thickness with computed tomography
muscle cross-sectional area on admission to the Intensive Care Unit: a pilot
cross-sectional study. JPEN - ] Parenter Enter Nutr 2021;45:136—45.

Sklar MC, Dres M, Fan E, Rubenfeld GD, Scales DC, Herridge MS, et al. Asso-
ciation of low baseline diaphragm muscle mass with prolonged mechanical
ventilation and mortality among critically ill adults. JAMA Netw Open 2020;3:
€1921520.

Zambon M, Beccaria P, Matsuno J, Gemma M, Frati E, Colombo S, et al. Me-
chanical ventilation and diaphragmatic atrophy in critically ill patients: an
ultrasound study. Crit Care Med 2016;44:1347—52.

Hadda V, Kumar R, Tiwari P, Mittal S, Kalaivani M, Madan K, et al. Decline in
diaphragm thickness and clinical outcomes among patients with sepsis. Heart
Lung 2021;50:284—-91.

O'Rourke ], Sotdk M, Curley GF, Doolan A, Henlin T, Mullins G, et al. Initial
assessment of the percutaneous electrical phrenic nerve stimulation system in
patients on mechanical ventilation. Crit Care Med 2020;48:e362—70.
Schepens T, Dres M, Heunks L, Goligher EC. Diaphragm-protective mechanical
ventilation. Curr Opin Crit Care 2019;25:77—85.

Hickmann CE, Castanares-Zapatero D, Deldicque L, Van den Bergh P, Caty G,
Robert A, et al. Impact of very early physical therapy during septic shock on
skeletal muscle: a randomized controlled trial. Crit Care Med 2018;46:
1436—43.

Jaitovich A, Dumas CL, Itty R, Chieng HC, Khan MMHS, Naqvi A, et al. ICU
admission body composition: skeletal muscle, bone, and fat effects on mor-
tality and disability at hospital discharge—a prospective, cohort study. Crit
Care 2020;24:566.

Lang JK, Paykel MS, Haines K], Hodgson CL. Clinical practice guidelines for
early mobilization in the ICU: a systematic review. Crit Care Med 2020;48:
e1121-8.

Reintam Blaser A, Starkopf ], Alhazzani W, Berger MM, Casaer MP, Deane AM,
et al. Early enteral nutrition in critically ill patients: ESICM clinical practice
guidelines. Intensive Care Med 2017;43:380—98.


http://refhub.elsevier.com/S2405-4577(21)00320-X/sref1
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref1
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref1
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref2
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref2
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref2
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref2
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref2
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref3
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref3
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref3
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref4
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref4
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref4
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref4
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref5
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref5
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref5
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref5
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref6
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref6
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref6
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref6
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref7
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref7
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref7
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref8
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref8
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref8
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref8
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref9
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref9
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref9
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref9
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref10
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref10
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref10
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref10
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref11
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref11
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref11
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref11
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref12
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref12
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref12
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref12
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref12
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref13
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref13
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref13
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref13
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref14
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref14
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref14
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref14
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref15
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref15
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref15
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref16
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref16
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref16
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref16
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref17
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref17
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref17
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref17
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref17
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref18
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref18
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref18
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref18
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref18
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref19
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref19
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref19
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref20
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref20
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref20
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref20
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref20
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref21
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref21
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref21
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref21
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref21
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref21
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref22
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref22
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref22
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref22
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref23
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref23
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref23
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref23
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref24
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref24
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref24
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref24
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref24
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref25
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref25
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref25
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref25
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref25
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref26
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref26
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref26
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref26
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref27
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref27
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref27
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref27
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref28
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref28
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref28
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref28
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref28
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref29
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref29
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref29
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref29
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref29
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref30
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref30
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref30
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref30
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref30
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref31
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref31
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref31
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref31
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref32
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref32
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref32
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref32
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref33
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref33
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref33
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref33
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref34
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref34
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref34
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref34
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref34
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref35
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref35
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref35
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref36
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref36
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref36
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref36
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref36
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref37
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref37
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref37
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref37
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref37
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref38
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref38
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref38
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref38
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref39
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref39
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref39
http://refhub.elsevier.com/S2405-4577(21)00320-X/sref39

	Ultrasound assessment of muscle mass has potential to identify patients with low muscularity at intensive care unit admissi ...
	1. Introduction
	2. Materials & methods
	2.1. Study design
	2.2. Study population
	2.3. Ultrasound
	2.4. CT
	2.5. Outcomes
	2.6. Statistical analyses

	3. Results
	4. Discussion
	4.1. Limitations

	5. Conclusions
	Funding
	Authors' contributions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


