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Abstract 

Introduction: The development of bedside methods to assess muscularity is an essential 

research priority for monitoring nutritional status and predicting functional recovery in critical 

care. We aimed to compare ultrasound-derived muscle thickness at five landmarks with 

computed tomography (CT) muscle area at intensive care unit (ICU) admission. Secondary 

aims were to 1) combine muscle thicknesses and baseline covariates to evaluate correlation 

with CT muscle area and 2) assess the ability of the best-performing ultrasound model to 

identify patients with low CT muscle area. 
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Methods: Adult patients who had a CT scan at the third lumbar area <72hours after ICU 

admission were prospectively recruited. Where possible, muscle thickness was measured at 

the mid-upper arm, forearm, abdomen, and thighs. Low CT muscle area was determined 

using published cut-points. Pearson’s correlation compared ultrasound-derived muscle 

thickness and CT muscle area. Linear regression was used to develop ultrasound prediction 

models. Bland-Altman analyses compared ultrasound-predicted and CT-measured muscle 

area. 

Results: Fifty ICU patients were enrolled (mean±SD 52±20years, BMI 28±5kg/m2). 

Ultrasound-derived muscle thickness at each landmark correlated with CT muscle area 

(P<0.001). The sum of muscle thickness at mid-upper arm and bilateral thighs, including 

age, sex, and Charlson Comorbidity Index, improved the correlation with CT muscle area (r 

=0.85, P<0.001). Mean difference between ultrasound-predicted and CT-measured muscle 

area was -2cm2 (95% limits of agreement -40cm2 to +36cm2). The best-performing 

ultrasound model demonstrated good ability to identify 14 patients with low CT muscle area 

(area under curve 0.79). 

Conclusion: Ultrasound shows potential for assessing muscularity on ICU admission 

(Clinicaltrials.gov NCT03019913). 

 

Keywords 

Critical illness, intensive care unit, ultrasound, computed tomography, skeletal muscle mass, 

body composition 

 

Clinical relevancy statement 

Currently, there is no routinely available bedside tool that is considered reliable and accurate 

for objectively assessing whole-body muscularity in the intensive care unit (ICU) setting. The 
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primary aim of this prospective study was to evaluate the relationship between muscularity 

assessed by bedside ultrasound with a reference method (single-slice computed 

tomography (CT) image analysis) on admission to the ICU. The sum of ultrasound-derived 

muscle thickness at the mid-upper arm and thighs was strongly correlated to CT muscle 

area. These results demonstrate the potential for ultrasound to assess muscularity on 

admission to the ICU. 

 

Background 

Low muscularity on ICU admission has been associated with increased length of stay and 

mortality and therefore may be an important predictor of outcome.1-3 The quantification of 

muscle mass is pivotal in the assessment of nutritional status whereby muscle atrophy is 

strongly related to malnutrition.4 Further, body composition analysis is important to consider 

for the determination of nutrition requirements (with fat-free mass being the largest driver of 

metabolic rate) and for monitoring the effectiveness of nutrition interventions aimed at 

attenuating muscle wasting.5 

 

Despite the importance of assessing muscularity in acute illness, there is currently no 

method that is considered accurate, reliable and feasible in the ICU setting.6 Reference 

methods for body composition analysis, such as dual-energy X-ray absorptiometry (DXA) 

and CT image analysis, are costly, often inaccessible, involve radiation (CT), and are 

impractical for use in critically ill patients, often requiring patients to be transported out of the 

ICU for measurement.7 Ultrasound is an emerging tool for the assessment of muscularity in 

the ICU setting largely because it is safe, non-invasive, portable and readily available in 

most ICUs.8 There are only limited data evaluating the utility of ultrasound as a measure of 

muscularity in critically ill patients, finding a moderate correlation between ultrasound-
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derived quadriceps muscle thickness and CT muscle cross-sectional area (CSA) using 

maximal compression ultrasound technique.9 In healthy volunteers, ultrasound protocols 

incorporating measurements of the upper and lower limbs and using minimal compression 

technique have reported a strong agreement with fat-free mass assessed by DXA.10,11 

 

Therefore, we aimed to compare ultrasound-derived muscle thickness at five different 

anatomical landmarks with muscularity assessed by a reference method that is accessible in 

a sub-group of critically ill patients on ICU admission (CT muscle cross-sectional area at the 

third lumbar, L3, area). Our secondary aims were to 1) evaluate if combining muscle 

thickness at different landmarks and readily available patient information, could strengthen 

the correlation with CT muscle area and 2) to assess the ability of the best-performing 

ultrasound model to accurately classify patients with low CT muscle area. 

 

Methods 

Patients 

This was a prospective observational study conducted in a single center between 23rd 

January 2017 and 25th March 2019 after approval from the Research and Ethics Committees 

at The Alfred Hospital and La Trobe University. The study was registered a priori on 

clinicaltrials.gov (NCT03019913). Patients were screened on pre-determined weekdays 

when investigators were available, and met inclusion criteria if they were aged ≥18 years 

and had a CT scan including the L3 area performed for clinical purposes ≤24 hours before or 

≤72 hours after ICU admission. Exclusion criteria were: The CT scan was unanalyzable, 

death was imminent, anticipated ICU stay was <24 hours, pregnancy, it was impractical 

and/or not possible to perform the ultrasound protocol (including imaging at least two or 

more muscle groups, including at least one thigh) or it was not possible to obtain consent. 
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Patients with a BMI of >40kg/m2 were also excluded, with being outside the range for 

previously assessed utility of a similar ultrasound protocol in the ICU setting.12 

 

Written and informed consent was obtained from the eligible patient and/or their legal 

medical decision-maker. For all patients the following demographic and clinical data were 

collected: age, sex, weight, height, Charlson Comorbidity Index13, Acute Physiologic and 

Chronic Health Evaluation (APACHE) II14 and III15 scores, admission diagnosis (trauma, 

medical or surgical), ICU and hospital LOS and in-hospital mortality. Body mass index (BMI) 

(kg/m2) was calculated using estimated or reported weight and height on ICU admission and 

BMI category was determined using the WHO BMI cut-off values (underweight <18.5kg/m2, 

normal weight =18.5-24.9kg/m2, overweight =25-29.9kg/m2, obese ≥30kg/m2).16 

 

CT image analysis 

During the screening process, investigators visualized skeletal muscle area at L3, and where 

necessary, a consultant radiologist (GG) confirmed the quality of the scan was adequate for 

analysis. Patients were excluded if the muscle borders were indistinguishable; there was 

interference of artifact and/or if whole muscle group(s) were not visible due to positioning 

during CT scanning. 

 

CT scans were uploaded onto the licensed software, SliceOmatic version 5.0 (TomoVision, 

Montreal, QC, Canada) for analysis by investigator KJL, who identified L3, and the CT slice 

for analysis. Skeletal muscle boundaries were recognized based on Hounsfield Units (–29 to 

+150 for muscle).17 Abdominal skeletal muscle CSA (cm2), herein termed CT muscle area, 
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was automatically computed by the software by summing the skeletal muscle tissue pixels 

and multiplying by the surface area of each pixel. 

 

Intrarater reliability for CT image analysis was performed by the primary investigator (KJL) 

re-landmarking and re-analyzing scans from ten study patients at least six months after initial 

analysis. Interrater reliability was performed by having a second trained investigator (LM) 

landmark and analyze scans from ten study patients. 

 

Ultrasound 

Trained investigators (KJL or JCW) performed the one-off evaluation of muscularity by 

ultrasound as soon as possible after patient enrolment. The sites chosen to compare to CT 

muscle area included muscle thickness of the right mid-upper arm and forearm (left side if 

right not available), abdominal, and bilateral thighs (details below). The sites were chosen 

because they are readily accessible while a patient is supine. Further, the measurement 

protocols for determining muscle thickness at the upper and lower limbs have been reported 

as reliable in the ICU setting and associated with whole-body muscularity in healthy 

volunteers.10,11,18-20 It was hypothesized that including ultrasound assessment of a muscle 

group at the L3 region may strengthen agreement between the two methods, and therefore 

rectus abdominis muscle thickness was included. 

 

A portable B-mode ultrasound device (Philips® Sparq, Philips Ultrasound, Bothell, WA, 

USA) with a multi-frequency linear array transducer (4-12 MHz) was used. Patients were 

supine with the head of the bed at approximately 30 degrees (usual positioning in our ICU). 

Water-soluble transmission gel was applied to the transducer and using minimal 
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compression, the transducer was held perpendicular to the skin at the mark on the skin and 

depth was adjusted to visualize the relevant bone (or the inner muscle fascia layers for the 

abdomen). Three still images were taken at each landmark; saved and uploaded to the NIH 

Image J software for analysis (Version 1.52, US National Institutes of Health, Maryland, 

USA). The previously published measurement protocols for each site are described below: 

 

Mid-upper arm12,19: 

A mark was made on the skin at the midway point between the tip of the acromion and the 

olecranon process. The thickness of the bicep flexor compartment was imaged with the 

elbow extended and forearm supinated and resting on the bed. Muscle thickness was 

measured from the subcutaneous adipose tissue-muscle interface to the muscle-bone 

interface of the humerus. 

 

Forearm21: 

A point was marked at 30% proximal between the ulnar styloid process and the head of the 

radius. With the hand supinated and forearm relaxed on the bed, the image was taken. Ulna 

muscle thickness was measured as the distance between the subcutaneous adipose tissue–

muscle interface and muscle–bone interface of the ulna. 

 

Abdominal21: 

A mark was made 3 cm to the right of the umbilicus. The probe was rotated, and the image 

saved as the rectus abdominis muscle was positioned horizontally on the screen. Muscle 
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thickness was measured from the distance between the upper and lower inner muscle fascia 

layers (in the center of the image). 

 

Bilateral thighs18: 

With knees extended and relaxed, a point was marked at the anterior superior iliac spine and 

the upper pole of the patella. A point was then marked at the mid-point and two-thirds point 

between these landmarks. Muscle thickness was measured from the subcutaneous adipose 

tissue–muscle interface to the muscle–bone interface of the femur at both points on both 

thighs. 

 

For each site, the average result of the three still images was used for analysis. For each 

thigh, the value used for analysis was an average of muscle thickness at the mid- and two-

thirds point. The bilateral thigh thickness value was taken as the average across both thighs 

(i.e. right mid-point + right two-thirds + left mid-point + left two-thirds/4). For upper arm, 

forearm and thigh, muscle thickness (cm) was multiplied by limb length (distance between 

each bony landmark, e.g. acromion and the olecranon process for upper arm) (cm), and this 

value used for analysis, as previously described.10 

 

A range of reliability testing was performed for ultrasound. Intrarater reliability for the protocol 

was undertaken by investigator KJL repeating the landmarking and image acquisition in the 

final ten patients. Intrarater reliability for muscle thickness measurements occurred by KJL 

re-analyzing images for ten participants at least six months after the initial analysis. Interrater 

reliability for the ultrasound protocol (landmarking and image acquisition) was assessed in 
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five separate healthy volunteers (due to the nature of the study environment and to limit 

participant burden). The volunteers were positioned in an ICU bed with the head of the bed 

at 30 degrees. The first investigator (KJL) performed the protocol, the marks were then 

removed, and the second investigator (JCW) followed directly after. Interrater reliability for 

the quantification of muscle thickness measurements occurred by having an independent 

operator (LB) undertaking a second analysis of images for a randomly selected sub-group of 

five from the ICU patient cohort. 

 

Statistical Analyses 

For this pilot study, a pragmatic sample size of 50 patients was chosen based on predicted 

eligibility, with the aim of completing recruitment targets within a two-year timeframe to 

reduce the occurrence of major changes in clinical practices or testing equipment during the 

recruitment period. Shapiro-Wilk tests were used to assess normality. Data are reported as n 

(%), mean and standard deviation (±SD) or median and interquartile range [IQR]. Missing 

data were not imputed. 

 

Differences in mean CT muscle area and ultrasound-derived muscle thickness by sex and 

age (<65 years versus ≥65 years) were assessed using independent samples t-tests.9 

Pearson’s correlation was used to assess the relationship between CT muscle area and 

ultrasound measures. Baseline covariates thought to influence the level of muscularity (age, 

sex, BMI, Charlson Comorbidity Index) were individually assessed for their relationship with 

CT muscle area by univariate linear regressions. Stepwise linear regression was undertaken 

to identify the ultrasound model with the strongest correlation with CT muscle CSA, including 

all possible combinations of the sum of ultrasound-derived muscle thickness at each 

landmark and baseline covariates that had a significant independent association with CT 
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muscle CSA (P <0.001). The best-performing ultrasound model was chosen based on the 

number of data points (indicating feasibility), the strength of the relationship with CT muscle 

area, and limits of agreement determined by Bland and Altman analyses (95% limits of 

agreement for differences between ultrasound-predicted and CT-measured muscle area).22 

To assess the limits of agreement, linear regression analysis was performed for the 

differences against the averages, with a P value <0.05 indicating proportional bias (a trend 

to higher or lower values).7 

 

Muscularity status (normal or low) was determined using published CT muscle area cut-off 

values (<170cm2 for men and <110cm2 for women) derived from a general ICU population 

where low CT muscle area was associated with increased mortality.1 Receiver Operating 

Characteristic (ROC) Curve analysis was undertaken to assess the specificity and sensitivity 

of the optimal ultrasound model to accurately classify patients as having normal or low CT 

muscle area (using ultrasound-predicted CT muscle area generated from the best-

performing ultrasound model). 

 

Intraclass correlation coefficient (ICC) and coefficient of variation (CV) were used to assess 

intrarater and interrater reliability. IBM SPSS version 25 (Armonk, NY) was used for all 

analysis, and significance was set at P value of <0.05. 

 

Results 

A total of 1580 patients were screened, and of the 373 patients who had a CT scan including 

the L3 area, 323 patients were excluded, and 50 patients were included (Figure 1). 

Participants were predominantly male (38 (76%)), admitted post trauma (42 (84%)) with a 
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mean age and median APACHE II score of 52±20 years and 12 [9-16] respectively. Other 

characteristics are detailed in Table 1. 

 

The mean time from ICU admission to performing the ultrasound protocol was 33±12 hours, 

and from CT scan to the ultrasound protocol was 26±13 hours. The mean CT muscle area 

was 173±38 cm2, with males having significantly higher muscle area than females (187±29 

cm2 versus 127±26 cm2, P<0.001), as did those who were younger (<65 versus ≥65 years 

old) (189±30 cm2 versus 141±32 cm2, P<0.001) (Table 2). 

 

Of the 50 patients included, ultrasound images were available for the following number of 

patients at each site: 48 for mid-upper arm, 39 for forearm, 39 for abdominal, 49 for one 

thigh and 37 for bilateral thighs. The mean muscle thicknesses for the individual sites and 

according to sex and age category are outlined in Table 2. Reasons for missing ultrasound 

data, which largely relate to traumatic injuries, are presented in Table 3. There were a small 

number of patients where arm measurements on the right side were not accessible due to 

pain or traumatic injury and the left side was used (four for mid-upper arm and three for 

forearm). 

 

Reliability of measurement protocols 

The method of CT image analysis showed good reliability with intrarater testing revealing a 

CV=0.7% and ICC=0.998 and interrater testing CV=0.8% and ICC=0.995. For the ultrasound 

protocol, due to the study environment (first few days of ICU admission) and requirement for 

clinical procedures, it was only possible to repeat the protocol in six patients (not ten as 

planned). The ultrasound protocol also showed good reliability for 1) re-landmarking and 

image acquisition (intrarater CV=2.8% and ICC=0.966, and interrater CV=3.8%, and 
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ICC=0.997), and 2) MT measurements (intrarater CV=2.2% and ICC=0.998, and interrater 

CV=3.6% and ICC=0.992). 

 

Comparison between ultrasound-derived muscle thickness and CT muscle area 

There was a significant positive relationship between ultrasound-derived muscle thickness at 

each anatomical landmark and CT muscle area (mid-upper arm r=0.79, forearm r=0.68, one 

thigh r=0.70, both thighs r=0.75, abdominal r=0.68; P<0.001). The sum of muscle thickness 

at the mid-upper arm and bilateral thighs (or one thigh if not able to image both thighs) was 

the ultrasound protocol which had the most complete data (n=47) and a strong positive 

relationship to CT muscle area (r=0.82, P <0.001) (Figure 2A), and underwent further 

evaluation incorporating baseline covariates as outlined below. Supplementary Table S1 

provides a summary of the correlations between ultrasound muscle thickness measurements 

at each landmark (and combination) and CT muscle area. 

 

Incorporation of baseline covariates 

Baseline covariates with a significant independent association with CT muscle area were 

age (r=0.53, P<0.001), sex (r=0.66, P<0.001), and Charlson Comorbidity Index (r=0.54, 

P<0.001). BMI did not have a significant association with CT muscle area (r=0.23, P=0.104) 

and was therefore not included in further modeling. Incorporating age, sex, and Charlson 

Comorbidity Index to the ultrasound protocol further strengthened the relationship with CT 

muscle area (r=0.85, P<0.001), and this combination was labeled the best-performing 

ultrasound model (Figure 2B). The mean difference between CT-measured and ultrasound-

predicted CT muscle area generated from the best-performing ultrasound model was -2cm2 

(95% limits of agreement -40 to 36cm2), with no proportional bias (P=0.102), see Figure 3. 
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Identification of participants with low muscularity 

Fourteen participants (10 men and 4 women) were identified as having low CT muscle area.1 

Using ultrasound-predicted CT muscle area derived from the best-performing ultrasound 

model (n=47), 85% of patients were correctly classified as having normal or low CT muscle 

area, with 79% sensitivity and 94% specificity. The positive predictive and negative 

predictive values were 82% and 86%, respectively. The best-performing ultrasound model 

had good ability to identify patients with low CT muscle area (area under the curve (AUC) = 

0.79 [95% CI 0.65-0.92]) (Figure 4). 

 

Discussion 

To our knowledge, this is the first study to compare muscularity assessed by ultrasound at 

multiple anatomical sites with a reference method for muscle assessment in critically ill 

patients. We compared ultrasound-derived muscle thickness measured at the mid-upper arm 

and thighs on ICU admission with CT muscle area at the L3 region, finding a strong 

correlation. The addition of age, sex, and Charlson Comorbidity Index, strengthened the 

relationship, and accounted for 70% of the variance in muscle assessed by CT image 

analysis. The mean bias between measured and ultrasound-predicted CT muscle area was -

2cm2 with limits of agreement from +36 to -40cm2. There is currently no consensus on what 

is considered acceptable performance in terms of prediction of muscularity at the individual 

level, but our data provides a reference point for comparison with subsequent studies. 

 

Whilst most of the ICU literature using ultrasound has focused on describing changes in 

muscle thickness and/or muscle CSA at ICU admission23,24 and using it as a tool to monitor 

the responsiveness of nutrition interventions25,26, there is a paucity of literature evaluating the 
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accuracy of ultrasound measurements of muscularity compared to reference methods in the 

critical care setting. This is primarily due to the challenges of performing traditional body 

composition methods in critical care. When other reference methods are unavailable or 

inaccessible, CT image analysis at the L3 area is considered to be a useful method; 

however due to cost and radiation exposure, scan acquisition is generally restricted to 

clinical diagnostic indications and therefore the study populations in ICU using this method 

are likely to represent only a subset of the broader mixed ICU population. This further 

highlights the need for the validation of bedside tools that can measure body composition in 

a wide range of critically ill patients. 

 

Most frequently in the ICU literature, muscle ultrasonography has focused on the quadriceps 

group, which is proposed to have more considerable implications on physical and clinical 

outcomes compared to other muscle groups.8 However, the findings from the current study 

demonstrate that ultrasound measurement of the thigh alone may not provide the most 

optimal representation of whole-body muscularity. These results are supported by a recent 

study by Paris et al, in 96 healthy volunteers, where ultrasound-derived muscle thickness of 

bilateral quadriceps alone had a strong relationship to appendicular lean tissue mass 

assessed by DXA (R2=0.72), but was further improved by adding anterior mid-upper arm 

muscle thickness and covariates age and sex (R2=0.92).10 Further, critically ill patients lose 

muscle at differing rates from different areas of the body and therefore when considering a 

tool to measure the effectiveness of interventions aimed to attenuate whole-body muscle 

wasting (such as nutrition delivery) it may be important to consider the assessment of 

muscle groups at both the upper and lower limbs.27,28  
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Low muscularity and malnutrition have been associated with a range of adverse clinical 

outcomes in the acute setting, and patients identified as malnourished may benefit from 

more intensive nutrition therapy.29,30 The diagnosis of malnutrition using criteria set out in the 

recent Global Leadership Initiative on Malnutrition (GLIM) recommendations4 and in the 

widely used subjective global assessment (SGA) tool are challenging in the ICU setting31, 

specifically, because these assessments rely on obtaining an accurate weight and weight 

history. These are frequently affected by fluid overload and an inability to obtain a history 

from the patient early in the ICU admission. Additionally, the remaining part of the SGA tool 

involves dietary history and subjective physical assessment of muscle and fat wasting, the 

latter of which is also recommended by GLIM when reference body composition methods 

are not available and may also be affected by edema and obesity. These challenges were 

demonstrated in 56 ICU patients, who also had a CT Scan at the L3 area.32 All were 

classified as normally nourished by a dietitian using SGA, but despite this classification, 56% 

had low muscularity on CT image analysis.32 Therefore, it is highly relevant for the 

assessment of nutritional status to consider the ability of an objective bedside method to 

classify a patient as having low or normal muscularity accurately. This is supported by the 

GLIM recommendations, where the identification of depleted muscle stores is included as a 

criterion for the diagnosis of malnutrition.4 The ultrasound model described in this study 

demonstrated a good ability to accurately classify the 14 patients with low CT muscle area 

(AUC 0.79). Although the sample size was small, this finding highlights that ultrasound may 

be a useful tool to identify patients with muscle wasting who may be malnourished on ICU 

admission and to quantitatively monitor muscularity during the ICU and hospital stay. 

 

There are no internationally recognized cut-off values for classifying patients with low 

muscularity using ultrasound-derived muscle thickness. Recently, in the study 
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aforementioned, Paris et al. developed cut-points for ultrasound muscle thickness at the 

thigh and anterior mid-upper arm, to classify individuals into three groups (low, moderate, 

and high) for risk of low lean tissue mass.10 Given the present study used a similar protocol, 

these cut-points may warrant further investigation, to determine if they have relevance to 

functional and clinical outcomes in ICU patients. 

 

This study has strengths and limitations, which need to be considered. A strength is the high 

acquisition rate for ultrasound of the upper arm and thighs even in a cohort of largely trauma 

patients, demonstrating its feasibility as a bedside body composition method on ICU 

admission. This study was performed in a single centre, which fosters consistency in the 

application of ultrasound technique in order to test its capabilities to reliably assess 

muscularity. Further, the ultrasound protocol was efficient to perform (less than 30mins) and 

trainable for non-medical professionals, which highlights the potential for widespread use of 

the method. Limitations include the modest sample size. Caution should be exercised in 

generalizing the results to the broader ICU population, given the high representation of 

trauma patients in our sample (due to the inclusion requirement for patient having a CT 

scan). It remains unknown whether CT muscle area determined by a single slice at the L3 

area is representative of whole-body muscle in ICU patients. 

 

Conclusion 

Ultrasound has the potential to assess muscularity and to identify patients with low muscle 

mass on ICU admission. Although the results from this study need extension in other 

settings and tracking over time, we have demonstrated a strong relationship between 

muscularity assessed with a widely available and applicable ultrasound method and a 

reference method. Future research priorities include investigating how muscle status, 
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assessed by ultrasound on ICU admission, relates to important functional and clinical 

outcomes. 

Supporting Information 

jpen1822-sup-0001-tableS1.pdf 
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Table 1. Patient clinical and demographic characteristics
a 

Characteristics All Patients (n=50) 

Age (years) 52 ± 20 (21 – 88) 

Age category 

   <65 years 

   ≥65 years 

 

33 (66) 

17 (34) 

Sex 

   Male 

   Female 

 

38 (76) 

12 (34) 

APACHE II 12 [9-16] (2 - 36) 

APACHE III 45 [35-65] (17 - 139) 

Height (m) 1.72 ± 0.09 (1.50 - 1.98) 

Weight (kg) 82 ± 15 (50 - 120) 

BMI (kg/m2) 

   Underweight  

   Normal weight  

   Overweight  

   Obese 

28 ± 5 (18 - 38) 

1 (2) 

15 (30) 

18 (36) 

16 (32) 

Charlson Co-morbidity Index 2 ± 2 (0 - 6) 

Admission reason 

   Trauma 

 

42 (84) 
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        Multi trauma (excluding head) 

        Multi trauma (including head) 

        Traumatic brain injury 

   Medical  

   Surgical 

29 (69) 

4 (10) 

9 (21) 

7 (14) 

1 (2) 

Patients MV 31 (62) 

ICU LOS (days) 5 [2-11] (1 – 36) 

Hospital LOS (days) 16 [11-24] (3 - 61) 

Hospital mortality 4 (8) 

 

 

a
Values are reported as n; mean±SD(range), median [Q1 to Q3](range), or n(%) 

APACHE, Acute Physiology and Chronic Health Evaluation; BMI, body mass index; ICU, intensive 

care unit; LOS, length of stay; MV, mechanical ventilation 
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Table 2. Characteristics of CT muscle area and ultrasound-derived muscle thickness at each 

landmark and by sex and age group  

 

Variable  All  

(n, 

mean±SD) 

Male  

 

Female 

 

P 

val

ue 

Young (<65 

years) 

 

Older (≥65 

years) 

 

P 

val

ue 

CT 

muscle 

CSA 

(cm2) 

50 172.9 ± 

38.2 

38 187.3 ± 

29.2 

12 127.4 

± 26.0 

0.0

01 

33 189.1 

± 30.5 

17 141.5 ± 

32.2 

0.0

01 

Mid-

upper 

arm 

(cm2)a 

48 109.2 ± 

27.8 

36 119.2 ± 

23.0 

12 79.3 ± 

17.9 

0.0

01 

31 119.4 

± 25.3 

17 90.4 ± 

22.3 

0.0

01 

Forearm 

(cm2)a 

39 112.4 ± 

23.2 

30 119.1 ± 

21.6 

9 90.1 ± 

11.3 

0.0

01 

25 120.2 

± 20.1 

14 98.6 ± 

21.0 

0.0

04 

One 

thigh 

(cm2)a 

49 155.1 ± 

49.2 

37 169.8 ± 

38.0 

12 109.7 

± 53.2 

0.0

03 

32 176.4 

± 37.5 

17 114.9 ± 

43.7 

0.0

01 

Bilateral 

thighs 

(cm2)a,b 

49 154.8 ± 

47.9 

37 169.0 ± 

37.0 

12 111.2 

± 52.6 

0.0

03 

32 177.4 

± 35.2 

17 112.3 ± 

39.2 

0.0

01 

Abdomin 39 1.0 ± 33 1.1 ± 6 0.7 ± 0.0 26 1.2 ± 13 0.7 ± 0.0
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al (cm) 0.3 0.3 0.4 03 0.3 0.3 01 

a
Muscle thickness (cm) multiplied by limb length (cm), 

b 
Average muscle thickness of bilateral thighs 

(or muscle thickness for one thigh if images not available for both) 

CSA, Cross-sectional area; CT, Computed Tomography 
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Table 3. Reasons for missing ultrasound data 

 

Reason for missing data Thigh  

(n=13) 

Mid-

upper 

arm (n=2) 

Forearm 

(n=11) 

Abdomin

al 

(n=11) 

Traumatic injury  6 2 2  

Lines/dressings   6 1 

Wounds 1   8 

Unanalysable image 2  3 1 

Other 4   1 
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