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Background: We compared the evaluation of skeletal muscle mass (SMM) using the computed tomog-
raphy (CT) and bioelectrical impedance analysis (BIA) methods in critically ill patients. We also evaluated
whether BIA can be applied for measuring SM with high accuracy to critically ill patients.
Methods: We included 135 critically ill surgical patients (83 men and 52 women, mean age: 59.3 years)
who got the BIA and abdominal CT scan both within 7 days during the intensive care unit (ICU) stay. With
CT scan, skeletal muscle area (SMA) measured from the L3 spine level image was used for calculation of
the whole body skeletal muscle volume and mass (kg). Body composition data from BIA were obtained
using touch-type electrodes and 50 kHz current. Subgroup analyses for SMM were performed according
to the sex, SMA, and edema status of the patients with Pearson correlation or regression analysis et al.
Results: SMM from CT and BIA showed a good correlation (p < 0.0001) to sex, SMA, and edema in the
subgroup analysis. A stronger correlation was noted between SMM from CT and BIA in male patients or
mild edema group than for the other groups. SMM from BIA showed greater values than that from CT
(mean difference, 3.35 kg) in all groups, except the normal SMA (higher than 170 cm? in men, and
110 cm? in women) group. Male patients and mild edema group showed more SMM as evaluated by BIA
when compared to the other groups.
Conclusion: SMM measure by BIA in critically ill patients showed high correlation with SMM calculation
by CT scan and had greater values than SMM from CT scan.
Trial registration: Ajou University Hospital Institutional Review Board DEV-DE4-15-115, Registered Jan 1
2015.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Background Rapid wasting of SMM in critically ill patients is observed during

the first 2—3 weeks of hospitalization [1,2]. Muscle mass is known

Patients admitted to the intensive care unit (ICU) exhibit a
dramatic change in their body composition during their hospitali-
zation periods such as loss of lean body mass. In particular, the
decrease in the amount and strength of skeletal muscle mass
(SMM) in critically ill patients is a known risk factor for mortality,
owing to its negative correlation with the length of hospital stay.

* Corresponding author. Department of Hepatobiliary Pancreas Surgery, Korea
University Anam Hospital, Korea University College of Medicine, Seoul, Republic of
Korea. Fax: +82 2 928 1631.

E-mail address: 1[jm3225@hanmail.net (J.-M. Lee).

https://doi.org/10.1016/j.clnu.2018.12.002

as a strong independent predictor for morbidity and mortality,
physical functioning, and quality of life [3—5]. Therefore, various
techniques have been attempted to assess the muscle mass,
including bioelectrical impedance analysis (BIA), computed to-
mography (CT), dual energy X-ray absorptiometry (DEXA), mag-
netic resonance imaging (MRI), mid-upper arm muscle
circumference (MUAMC), and ultrasound (US).

BIA is an easy-to-use, noninvasive, portable, quick, and inex-
pensive method for measuring body composition [6]. It is based on
the relation between the volume of a conductor and its electrical
resistance [7], and indirectly estimates body composition by
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sending a low electrical current into the body [8,9]. As the body's
electrical conductivity depends on its composition (fat and water
content), the total body water (TBW), including the intra- and
extracellular water distribution (ICW and ECW, respectively) can be
estimated. Experimental results also enable the calculation of fat
mass (FM), fat-free mass (FFM), and cell or muscle mass (e.g., SMM)
by using a regression equation based on the measurements ob-
tained. Moreover, it is possible to determine the water content and
muscle mass for specific body parts such as the arms, legs, and
trunk [10]. However, BIA can have a limitation in the ICU because
many critically ill patients have edematous status from fluid over-
load and this edema can interfere with the body composition
results.

Although some studies have previously evaluated SMM
using CT and BIA independently and compared the results of
these two methods in critically ill patients [10—14], some of
them have been performed in specific severe pathological
states such as pre-transplant patients or those with rheumatic
diseases.

The aim of this study was to compare SMM evaluation by the CT
and BIA methods in general critically ill surgical patients. In addi-
tion, we also evaluated whether BIA can be applied to critically ill
patients with a high accuracy of measuring SMM in pathological
conditions, including low SMM levels or severe edema.

2. Methods
2.1. Patients

This study was conducted, at the surgical ICU of Ajou University
Hospital, Suwon, Korea throughout 2015. We enrolled patients

Table 1
Patients’ clinical and physical characteristics.

aged over 18 years who had BIA and CT data collected within seven
days of stay in the ICU. A total of 135 critically ill surgical patients
(83 men and 52 women, mean age 59.3 + 14.4 years, age range:
23-90 years) were enrolled in this study (Table 1). Pregnant or
brain-dead patients were excluded.

BIA was performed for all patients regardless of whether they
were in dieting or fasting states; had limb edema, anasarca, sepsis,
or shock; or were undergoing renal replacement therapy. For the
CT, we included CT scans of the abdomen and pelvis, liver or
pancreas dynamic CT, and aorta CT (which shows the third lumbar
vertebrae (L3 spine)). The mean difference time between the BIA
and CT evaluation was 2.3 + 3.7 days.

This study was performed after obtaining the approval of the
Institutional Review Board (IRB) of Ajou University Hospital.
Informed consent was obtained from all patients or their next of kin
prior to their inclusion in this study.

2.2. Assessment of SMM from CT scan

Cross-sectional areas (in cm?) of the skeletal muscle, inter-
muscular adipose tissue (IMAT), subcutaneous adipose tissue (SAT),
and visceral adipose tissue (VAT) were quantified using 2 consec-
utive axial images at the L3. The psoas; erector spinae; quadratus
lumborum; transverse abdominal, internal, and external obliques;
and rectus abdominis were included for quantification of skeletal
muscle tissues. All image analyses were performed using a dedi-
cated workstation (Aquarius 3D Workstation, TeraRecon, San
Mateo, CA, USA) by one radiologist. We used the Hounsfield unit
threshold defined at —29 to 150 for skeletal muscle [15], —150 to 50
for VAT [16] and —190 to —30 for both SAT and IMAT [15] for
quantification of specific tissues.

Total (135 patients)

Characteristics Class Number (%) Mean + SD
Age (years) 593 + 144
Height (cm) 1653 + 10
Weight (kg) 67.6 £ 15.5
BMI (kg/m?) 247 + 48
Patient Category
Abdominal surgery (malignancy) 31(23)
Abdominal surgery (benign) 13(10)
Open heart surgery 24(18)
Orthopedic surgery 18(13)
Lung surgery 16(12)
Liver transplantation 14(10)
Aortic problem 13(10)
Others 6(4)
APACHE II score 164 +7.3
Length of stay in ICU (days) 164 + 20.2
SMA (cm?) Low? 94 (70) 116.1 + 30.4
Normal” 41 (30) 1704 + 355
SMV (L) Low* 94 (70) 214 +5.1
Normal® 41 (30) 304 +59
SMM (kg) Low? 94 (70) 227 +54
Normal® 41 (30) 32,6 +6.2
BIA data
- ICW (liters) 23.7+56
- ECW (liters) 164 + 4
- TBW (liters) 40.1 +9.3
- Edema (ECW/TBW) Mild (<0.420) 98 (73) 0.400 + 0.019
Severe (> 0.420) 37 (27) 0.430 + 0.011
- FM (kg) 135+ 84
- FEM (kg) 54.1 + 12,5

(BMI) Body Mass Index; (APACHE II) Acute Physiology and Chronic Health Evaluation II; (ICU) Intensive Care Unit; (SMA) Skeletal Muscle Area; (SMV) Skeletal Muscle
Volume; (SMM) Skeletal Muscle Mass; (ICW) Intracellular Water; (ECW) Extracellular Water; (TBW) Total Body Water; (FM) Fat Mass; (FFM) Fat-Free Mass.

3 Low: Male <170 cm?, Female < 110 cm? in skeletal muscle area (cm?).
> Normal: Male > 170 cm?, Female > 110 cm? in skeletal muscle area (cm?).
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Skeletal muscle area (SMA) was measured from the L3 level CT.
Patients with an SMA lower than 170 cm? in men, and lower than
110 cm? in women, were considered as having low SMA levels.
Otherwise, patients were considered having a normal level of SMA.
We measured SMA using Shen et al.'s regression equation for
skeletal muscle volume [17]. Shen et al. described estimation of
SMM from cross-sectional areas between the 2 CT images: skeletal
muscle volume = 0.166 x [SMA greater than 5 cm higher than L4 to
L5 (cm?)] + 2.142 (R2 = 0.855). Since mass is measured by multi-
plying the volume to density, SMM is calculated by multiplying
skeletal muscle volume to 1.06 kg/liter, which is the density of
mammalian skeletal muscle tissue.

All CTexaminations were performed using 16- or 64-detector-row
CT scanner (Brilliance; Philips Medical Systems, Cleveland, Ohio). CT
image parameters included contrast-enhanced or unenhanced,
120 kVp, and approximately 290 mAs with automatic tube current
modulation, 5-mm slice thickness reconstruction without gap.

2.3. BIA evaluation

Body composition was measured using a portable BIA device for
segmental BIA (InBody S10%, InBody Corp., Seoul, South Korea),
using 50 kHz alternating current. The InBody S10 body composition
analyzer is designed for patients over 3 years of age who are
immobile or amputees, with touch-type or adhesive-type elec-
trodes, and which produces results within 2 min. Skeletal muscle
mass is calculated from the equation, muscle mass amount from 4
limbs (2 arms and 2 legs)/0.75 because muscle mass from 4 limbs
are 75% of whole body muscle mass and 25% belongs to the rest of
muscles in the human body [18].

After a patient's admission to the ICU, the measurements were
performed twice weekly (Monday and Thursday). BIA measure-
ments were performed while patients were lying on the bed with
their arms and legs spread out. Because it is usually difficult to
apply touch-type electrodes due to intravascular lines or dressing
bandages covering catheter lines, adhesive-type electrodes were
used for ICU patients. Overall, eight adhesive electrodes were
attached: one on the most distal part of the third metacarpal bone
of each hand, one on each wrist, one on the most distal part of the
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second metatarsal bone of each foot, and one on the central part of
each ankle.

Physical information of patients such as age, height, and weight
which were measured by scale in the ICU bed was needed to be
input manually. Investigators checked out improper patient pos-
tures or attachment of the electrodes to prevent causing any
measurement errors. After assessment, body composition data
were gathered and analyzed. extracellular water (ECW) ratios
(ECW/total body water [TBW]) were classified into two categories:
mild edema if the ratio was <0.420 and severe edema if the ratio
was >0.420.

2.4. Statistical analysis

Descriptive statistics were presented as means + standard de-
viations (mean + SD). Regression analysis and Pearson's correlation
coefficient were used to investigate relationships between male
and female, patients who have low or normal SMA, and patients
who have mild or severe edema. The level of agreement between
the two methods was assessed by the Bland—Altman analysis. The
Kolmogorov—Smirnov goodness of fit test was used to verify the
normal distribution for key parameters. Those parameters were
compared using the Wilcoxon rank-sum test or Wilcoxon signed-
rank test when appropriate. Significance was considered as
p < 0.05 for all data analysis. All the statistical analyses were per-
formed using SAS University Edition (SAS Institute Inc., Cary, NC,
USA).

3. Results

A total of 135 patients had both CT and BIA measurement, and
their characteristics are summarized in Table 1.

We compared SMM from CT and BIA according to the patient's
sex, SMA, and edema status. Generally, SMM from BIA was greater
than SMM from CT (Fig. 1). SMM of female patients were less than
male patients (p < 0.001 from both CT and BIA). SMM from CT in the
normal level SMA was surely greater than low level SMA
(p < 0.001), and SMM from BIA also showed the same trend with a
high significance (p < 0.001). The mild edema group (ECW/

ﬁ
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Edema (ECW ratio)
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Comparison of CT and BIA for SMM by Gender, SMA, and Edema

Fig. 1. Boxplots of skeletal muscle mass between CT and BIA according to the patients' sex, skeletal muscle area, and edema subgroups.



2750 D. Kim et al. / Clinical Nutrition 38 (2019) 2747—2755

Table 2
Linear regression and correlation coefficient of SMM from CT scan and BIA in subgroup analysis.
Group Subgroup Patients Regression Correlation
(N=135) Slope Intercept R-squared Correlation coefficient p-value
Sex Male 83 0.7529 10.5189 0.4241 0.6513 <0.0001
Female 52 0.4214 15.4771 0.3416 0.5844 <0.0001
SMA Low? 94 0.7413 10.3839 0.4197 0.6479 <0.0001
Normal® 41 0.8436 5.7334 0.4194 0.6476 <0.0001
Edema Mild 98 0.7726 9.3297 0.5383 0.7337 <0.0001
Severe 37 0.5711 13.7815 0.376 0.6132 <0.0001

2 Male (62), female (32).
b Male (21), female (20).

TBW < 0.420) and severe edema group (ECW/TBW > 0.420) did not
show a difference in SMM (p = 0.593 from CT, p = 0.485 from BIA).
Table 2 shows the result from correlation coefficients and slope
of linear regression equations of SMM comparisons. SMM from CT
and BIA in three subgroups, sex, SMA, and edema parameters,
showed significantly high correlations with p < 0.0001 (Fig. 2).
SMM from the male group (r = 0.651) or from patients who have
mild edema (r = 0.734) turned out to have stronger correlations
between CT and BIA than the female group (r = 0.584) or patients
with severe edema (r = 0.613) (Table 2). On the other hand, SMM
comparison in the SMA subgroup seemed not to have such a dif-
ference whether SMA is low (r = 0.648) or normal (r = 0.648).

The Bland—Altman analysis of comparison between the differ-
ence and mean of CT and BIA for SMM with regards to sex, SMA,
and edema is illustrated in Fig. 3. It shows a mean bias of
—3.35 + 5.59 kg, meaning that the BIA method overestimated SMM
than CT by 3.35 kg. Even though the mean difference of SMM is
—3.35 and the 95% confidence interval of the mean difference is
—4.3 to —2.5, which means that there is a significant difference
between CT and BIA, both methods were in agreement according to
the limits of agreement. There were negative relationships between
the difference of SMM from CT and BIA and average of SMM from
both methods in male patients, patients with low or normal SMA,
or patients with mild edema, whereas that in female patients or
patients with severe edema had a positive relationship. This means
that, as SMM increases, SMM from BIA becomes greater than SMM
from CT in male patients or patients with mild edema. The SMA did
not affect the difference of SMM from both methods according to
the increase of SMM.

Figure 4 shows boxplots of differences in SMM from CT and BIA
in sex, SMA, and edema subgroups in total. There were no statistical
differences in SMM from CT and BIA in sex or edema groups
(p = 0.866 and 0.758, respectively), which means SMM from CT and
BIA showed the same trend regardless of sex or edema status.
However, patients with low SMA showed less SMM from CT
than SMM from BIA, compared to patients with normal SMA
(p = 0.0006, Table 3). Moreover, Wilcoxon's test for comparisons of
SMM difference between CT and BIA in sex, SMA, and edema sub-
groups determined that there was no difference in SMM between
CT and BIA methods for patient with normal SMA (p = 0.479,
Table 3, Fig. 1). Conclusively, SMM from BIA were greater than SMM
from CT, and the exceptional group was the normal SMA group.

4. Discussion

Measuring SMM in vivo is accomplished by many different
muscle mass measurement methods [19]. CT and MRI are consid-
ered as most preferred tools for estimating fat and SMM from pa-
tients since it is a highly accurate technique that can separate fat
from other soft tissues [20]. However, these measurements have
disadvantages of high cost and limited availability. Additionally,

fluid retention which can result in the overestimation of SMM in
critically ill patients was one of risks of preventing accurate mea-
surement, as all these techniques assume a normal state of hy-
dration [21]. Mid-upper arm muscle area (MUAMA) is one of the
measurements of body composition by principal anthropometric
measurement. MUAMA is derived from MUAMC which can be
calculated by mid-upper arm circumference (MUAC) and triceps
skinfold (TSF). The two principal anthropometry measures are
obtained two times at the midpoint of the nondominant upper arm
using a tape measure (MUAC) and at the same point using a John
Bull skinfold caliper (TSF) [22]. MUAMA is frequently used in clin-
ical practice but has a disadvantage of less accuracy because of a
high inter-rater variability [23]. DEXA is a widely used method to
measure body composition at the molecular level. It is a quick,
noninvasive, and safe method to assess body composition, such as
BIA, and has an important advantage of estimating appendicular
skeletal muscle (ASM) mass by measuring the appendicular lean
soft tissue in the arms and legs [24,25]. However, DEXA has a
limitation as its hardware and software programs differ among
manufacturers, which leads to residual calibration errors between
different machines [26]. Ultrasound (US) is clinically used to
quantify tissue thickness, and is a simple, portable, and safe tech-
nique. Bazzocchi et al. [27] revealed that US has a higher correlation
in fat tissue detection compared with CT or MRI. However,
measuring muscle mass by US tends to create errors by muscle
compressibility, selection of reliable site, or resting and hydration
status of patients [28].

In overall, each tool for muscularity measurement has limita-
tions and Buckinx et al. indicated that there is no gold standard
method to measure muscle mass [29]. Considering all advantages
and disadvantages, BIA has been at present the mostly used tech-
nique to assess body composition. Recently, researchers attempted
to assess SMM using BIA and compared its results to that of CT or
other techniques. Hosono et al. [11] analyzed and compared vari-
ability among BIA, CT, and MRI in patients with rheumatic disease
receiving glucocorticoid therapy, and concluded that CT and MRI
were more accurate than BIA in assessing SMM loss following
glucocorticoid treatment. Similarly, Itoh et al. [12] assessed SMM by
CT and a stronger correlation was found between CT and muscle
strength and physical performance in liver-related hospital cases.
Kuchnia et al. [13] on evaluating whether BIA values, phase angle
and impedance, could be used to assess low muscularity and pre-
dict clinical outcomes, found that low phase angle and high
impedance values were significantly associated with low muscle
cross-sectional area. Thus, these two BIA parameters could be
successfully used to predict low CT-derived muscle cross-sectional
area.

Our study aimed to compare SMM from CT and BIA and assess
the usefulness of BIA for SMM assessment in critically ill patients. In
our study, SMM from CT and BIA showed a high correlation
(p < 0.0001) regardless of patients' sex, muscle mass, or edema
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Table 3
Test of difference of SMM between CT and BIA for sex, SMA, and edema.

Variable Wilcoxon's test
Rank-sum
Sex Male vs female 0.8656
SMA Low vs normal 0.0006
Edema Mild vs severe 0.7583
Signed-rank
Male CT vs BIA <0.001
Female CT vs BIA <0.001
Low SMA CT vs BIA <0.001
Normal SMA CT vs BIA 0.479
Mild edema CT vs BIA <0.001
Severe edema CT vs BIA 0.007

status. Because of the muscle difference in male and female pa-
tients, we did a subgroup analysis based on the patients' sex. Both
male and female patients showed a good correlation of SMM from
CT and BIA, and generally SMM from BIA was greater than SMM
from CT. However, as muscle mass increases, male patients showed
a tendency of greater SMM from BIA than from CT, whereas female
patients showed greater SMM from BIA than from BIA.

Low SMA means low SMM and indicated a weak muscle group.
We assumed that muscle mass difference might affect the result of
SMM from CT and BIA. In the low level SMA group, SMM from BIA
seemed to be greater than SMM from CT, whereas no statistical
difference was noted between the two methods in the normal SMA
group.

Regarding edema status, muscle mass can be overestimated due
to muscle swelling, and this overestimation would be similar in CT
and BIA. Critically ill patients often show severe edema from
vascular tone release or massive fluid resuscitation. Therefore,
edema could be a major limitation of muscle mass assessment in
ICU patients. We evaluated the SMM features according to the
edema status using the ECW/TBW parameter from BIA. In subgroup
analysis of edema status, SMM from CT and BIA showed the same
tendency, a good correlation between the two methods, and higher
SMM values from CT than BIA. Interestingly, SMM from CT or BIA in
both mild and severe edema groups did not show any difference
(CT: p=0.593, BIA: p = 0.485). This result could be attributed to the
compensation of muscle loss in patients with severe edema and the

over-measurement of muscle mass in more moderate edemas. A
small sample size also could be a causative factor of getting indif-
ference between mild and severe edema groups. If having enough
large sample sizes to satisfy normality, the test results might be
different.

Although CT scans has been typically used to measure body
composition in critically ill patients, it has major limitations such as
it requires patients to move to the inspection place and be exposed
to contrast media, it is time consuming, and has a high cost.
Additionally, the method requires radiologists to calculate SMA.
There might be a measuring error by inspector or lack of accuracy
on calibration of SMA from a single CT image. Moreover, SMA from
patients with edema, usually staying in the ICU, may be abnormally
measured by CT.

Compared to CT, BIA is not an impeccable technique to measure
body composition. The validity and accuracy of estimated values by
BIA have been debated for a long time. Nonetheless, BIA is currently
used and studied with greater availability for critically ill patients.
Lee et al. [10] used BIA as a marker of predicting severity scores in
clinically ill patients. They showed that impedance, reactance, and
phase angle which are determined by BIA were significant to pre-
dict mortality of patients and have a stronger predicting power
than severity scoring systems commonly used in the ICU. Another
group studied the use of BIA in assessing the nutritional status of
critically ill patients and showed that phase angle and ECW ratio
(ECW/TBW) may play an important role in assessing nutritional
status and significant prognostic factor in the care of critically ill
patients [14]. Also, there were some researchers studied for feasi-
bility of BIA as measuring muscle mass in ICU patients [30] and how
BIA can be used as a tool to measure of proportion of fatty and
muscle tissues in patients who had muscle atrophy [31]. More
studies regarding to availability of BIA in assessing body component
accurately and evaluation of BIA compared with other methods
may be required for further research.

This study had some limitations. First, this study was performed
retrospectively with a small sample size in a single institution,
which meant that there was lack of availability and variability for
data collection. It also contributed to a lack of normal distribution
on patient data, and thus, nonparametric statistical methods were
required to detect the differences. Second, BIA was not performed
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on the same day as CT scan. Although we selected patients who had
BIA performed within 7 days from their CT scans, the mean
discrepancy of 2.3 days between the two studies could have
induced big alternations in the critically ill patients including
muscle changes. Third, we did not include the patients' nutritional
status and relationship between SMA or SMM and patients’'
malnutrition. However, we performed comparison of SMM from CT
and BIA with a subgroup analysis of sex, muscle amount, and
edema parameters. These subgroup analyses help to understand
the SMM features of BIA compared to CT and increase the reliability
of SMM assessment with BIA in critically ill patients.

Moreover, in terms of measuring muscularity in body, BIA has
limitations comparing with other image techniques such as CT,
MRI, and US. From what Hosono et al. [11] found on their study, we
knew that accuracy of measuring SMM with CT and MRI were
higher, or better, rather than measuring by BIA. Notwithstanding
the advantage on accuracy level, they have limitations with regards
to high costs and radiation exposure [32]. When comparing US with
BIA, US has great information on muscle quality with different
measurements, while BIA only has phase angle [33]. This could be a
limit for BIA if qualification of muscles were needed.

5. Conclusion

The accuracy of BIA was high and comparable to that of CT scan
in detecting low SMA from critically ill patients without edema.
Moreover, it is simple, portable, and safe and has a low cost and
short time required. Furthermore, it can figure out existence of
edema right after the measurement. Therefore, BIA can be used to
measure and analyze SMM in critically ill patients.
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Abbreviations

SMM skeletal muscle mass

CT computed tomography

BIA bioelectrical impedance analysis
SMA skeletal muscle area

ICU intensive care unit

DEXA dual energy X-ray absorptiometry
MRI magnetic resonance imaging
MUAMC mid-upper arm muscle circumference
MUAMA mid-upper arm muscle area
MUAC mid-upper arm circumference
TSF triceps skinfold

us ultrasound

TBW total body water

ECW extracellular water

(&% intracellular water

FFM fat-free mass

FM fat mass

L3 spine the third lumbar vertebrae

SD standard deviations

ASM appendicular skeletal muscle
References

[1] Weijs PJ, Looijaard WG, Dekker IM, Stapel SN, Girbes AR, Straaten H, et al. Low
skeletal muscle area is a risk factor for mortality in mechanically ventilated
critically ill patients. Crit Care 2014;18:R12. https://doi.org/10.1186/cc13189.
Gruther W, Benesch T, Zorn C, Paternostro-Sluga T, Quittan M, Fialka-Moser V,
et al. Muscle wasting in intensive care patients: ultrasound observation of the
M. quadriceps femoris muscle layer. ] Rehabil Med 2008;40:185—9. https://
doi.org/10.2340/16501977-0139.

Kraniotis P. Muscle mass changes in the critically ill patient: the role of imaging.

] Postgrad Med 2017;63:147—8. https://doi.org/10.4103/jpgm.JPGM_759_16.

Sharshar T, Bastuji-Garin S, Stevens RD, Durand M-C, Malissin I, Rodriguez P,

et al. Presence and severity of intensive care unit-acquired paresis at time of

awakening are associated with increased intensive care unit and hospital
mortality. Crit Care Med 2009;37:3047—53. https://doi.org/10.1097/

CCM.0b013e3181b027e9.

Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV,

et al. The loss of skeletal muscle strength, mass, and quality in older adults:

the health, aging and body composition study. ] Gerontol A Biol Sci Med Sci
2006;61:1059—-64.

Mulasi U, Kuchnia AJ, Cole AJ, Earthman CP. Bioimpedance at the bedside. Nutr

Clin Pract 2015;30:180—93. https://doi.org/10.1177/0884533614568155.

Janssen I, Heymsfield SB, Baumgartner RN, Ross R. Estimation of skeletal

muscle mass by bioelectrical impedance analysis. ] Appl Physiol 2000;89:

465—-71.

Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gomez JM, et al.

Bioelectrical impedance analysis—part I: review of principles and methods.

Clin Nutr 2004;23:1226—43. https://doi.org/10.1016/j.cInu.2004.06.004.

Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Manuel Gémez ],

et al. Bioelectrical impedance analysis—part II: utilization in clinical practice.

Clin Nutr 2004;23:1430—-53. https://doi.org/10.1016/j.cInu.2004.09.012.

[10] Lee YH, Lee J-D, Kang DR, Hong ], Lee ]J. Bioelectrical impedance analysis values
as markers to predict severity in critically ill patients. J Crit Care 2017;40:
103—7. https://doi.org/10.1016/j.jcrc.2017.03.013.

[11] Hosono O, Yoshikawa N, Shimizu N, Kiryu S, Uehara M, Kobayashi H, et al.
Quantitative analysis of skeletal muscle mass in patients with rheumatic dis-
eases under glucocorticoid therapy — comparison among bioelectrical imped-
ance analysis, computed tomography, and magnetic resonance imaging. Mod
Rheumatol 2015;25:257—63. https://doi.org/10.3109/14397595.2014.935078.

[12] Itoh S, Shirabe K, Yoshizumi T, Takeishi K, Harimoto N, Ikegami T, et al.
Skeletal muscle mass assessed by computed tomography correlates to muscle
strength and physical performance at a liver-related hospital experience.
Hepatol Res 2016;46:292—7. https://doi.org/10.1111/hepr.12537.

[13] Kuchnia A, Earthman C, Teigen L, Cole A, Mourtzakis M, Paris M, et al. Evaluation
of bioelectrical impedance analysis in critically ill patients. ] Parenter Enter Nutr
2016. https://doi.org/10.1177/0148607116651063. 014860711665106.

[14] LeeY, Kwon O, Shin CS, Lee SM. Use of bioelectrical impedance analysis for the
assessment of nutritional status in critically ill patients. Clin Nutr Res 2015;4:
32. https://doi.org/10.7762/cnr.2015.4.1.32.

[15] Mitsiopoulos N, Baumgartner RN, Heymsfield SB, Lyons W, Gallagher D,
Ross R. Cadaver validation of skeletal muscle measurement by magnetic
resonance imaging and computerized tomography. | Appl Physiol 1998;85:
115-22.

[16] Miller KD, Jones E, Yanovski JA, Shankar R, Feuerstein I, Falloon J. Visceral
abdominal-fat accumulation associated with use of indinavir. Lancet
1998;351:871-5. https://doi.org/10.1016/S0140-6736(97)11518-5.

[17] Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge M-P, Albu J, et al. Total
body skeletal muscle and adipose tissue volumes: estimation from a single
abdominal cross-sectional image. ] Appl Physiol 2004;97:2333—8. https://
doi.org/10.1152/japplphysiol.00744.2004.

[18] Malavolti M, Mussi C, Poli M, Fantuzzi AL, Salvioli G, Battistini N, et al. Cross-
calibration of eight-polar bioelectrical impedance analysis versus dual-energy

2

3

[4

(5

(6

17

8

(9


https://doi.org/10.1186/cc13189
https://doi.org/10.2340/16501977-0139
https://doi.org/10.2340/16501977-0139
https://doi.org/10.4103/jpgm.JPGM_759_16
https://doi.org/10.1097/CCM.0b013e3181b027e9
https://doi.org/10.1097/CCM.0b013e3181b027e9
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref5
https://doi.org/10.1177/0884533614568155
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref7
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1016/j.jcrc.2017.03.013
https://doi.org/10.3109/14397595.2014.935078
https://doi.org/10.1111/hepr.12537
https://doi.org/10.1177/0148607116651063
https://doi.org/10.7762/cnr.2015.4.1.32
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref15
https://doi.org/10.1016/S0140-6736(97)11518-5
https://doi.org/10.1152/japplphysiol.00744.2004
https://doi.org/10.1152/japplphysiol.00744.2004

(19]

(20]

(21]

(22]

(23]

(24]

[25]

D. Kim et al. / Clinical Nutrition 38 (2019) 2747—2755

X-ray absorptiometry for the assessment of total and appendicular body
composition in healthy subjects aged 21-82 years. Ann Hum Biol 2003;30:
380—91. https://doi.org/10.1080/0301446031000095211.

Prado CMM, Heymsfield SB. Lean tissue imaging: a new era for nutritional
assessment and intervention. ] Parenter Enter Nutr 2014;38:940—53. https://
doi.org/10.1177/0148607114550189.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the
European working group on sarcopenia in older people. Age Ageing 2010;39:
412-23. https://doi.org/10.1093/ageing/afq034.

Manning EM, Shenkin A. Nutritional assessment in the critically ill. Crit Care
Clin 1995;11:603—34.

Blauwhoff-Buskermolen S, Langius JAE, Becker A, Verheul HMW, de van der
Schueren MAE. The influence of different muscle mass measurements on the
diagnosis of cancer cachexia. ] Cachexia Sarcopenia Muscle 2017;8:615—22.
https://doi.org/10.1002/jcsm.12200.

Di Sebastiano KM, Mourtzakis M. A critical evaluation of body compo-
sition modalities used to assess adipose and skeletal muscle tissue in
cancer. Appl Physiol Nutr Metab 2012;37:811—21. https://doi.org/10.1139/
h2012-079.

Heymsfield SB, Smith R, Aulet M, Bensen B, Lichtman S, Wang |, et al.
Appendicular skeletal muscle mass: measurement by dual-photon absorpti-
ometry. Am ] Clin Nutr 1990;52:214-8.

Heymsfield SB, Adamek M, Gonzalez MC, Jia G, Thomas DM. Assessing skeletal
muscle mass: historical overview and state of the art. J Cachexia Sarcopenia
Muscle 2014;5:9—18. https://doi.org/10.1007/s13539-014-0130-5.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

2755

Prado CM, Siervo M, Mire E, Heymsfield SB, Stephan BC, Broyles S, et al.
A population-based approach to define body-composition phenotypes. Am ]
Clin Nutr 2014;99:1369—77. https://doi.org/10.3945/ajcn.113.078576.
Bazzocchi A, Filonzi G, Ponti F, Sassi C, Salizzoni E, Battista G, et al. Accuracy,
reproducibility and repeatability of ultrasonography in the assessment of
abdominal adiposity. Acad Radiol 2011;18:1133—43. https://doi.org/10.1016/
j.acra.2011.04.014.

Mayans D, Cartwright MS, Walker FO. Neuromuscular ultrasonography:
quantifying muscle and nerve measurements. Phys Med Rehabil Clin N Am
2012;23:133—48. https://doi.org/10.1016/j.pmr.2011.11.009.

Buckinx F, Landi F, Cesari M, Fielding RA, Visser M, Engelke K, et al. Pitfalls in
the measurement of muscle mass: a need for a reference standard. ] Cachexia
Sarcopenia Muscle 2018;9:269—78. https://doi.org/10.1002/jcsm.12268.
Chlan LL. Feasibility of bioelectric impedance as a measure of muscle mass in
mechanically ventilated ICU patients. Open J Nurs 2014;4:51. https://doi.org/
10.4236/0JN.2014.41008.

Rozdzynska-Swiatkowska A, Jurkiewicz E, Tylki-Szymanska A. Bioimpedance
analysis as a method to evaluate the proportion of fatty and muscle tissues in
progressive myopathy in Pompe disease. JIMD Rep 2016;26:45. https://
doi.org/10.1007/8904_2015_473.

Kwon H-J, Ha Y-C, Park H-M. The reference value of skeletal muscle mass
Index for defining the sarcopenia of women in Korea. ] Bone Metab 2015;22:
71-5. https://doi.org/10.11005/jbm.2015.22.2.71.

Looijaard WGPM, Molinger ], Weijs PJM. Measuring and monitoring lean body
mass in critical illness. Curr Opin Crit Care 2018;24:241—7. https://doi.org/
10.1097/MCC.0000000000000511.


https://doi.org/10.1080/0301446031000095211
https://doi.org/10.1177/0148607114550189
https://doi.org/10.1177/0148607114550189
https://doi.org/10.1093/ageing/afq034
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref21
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref21
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref21
https://doi.org/10.1002/jcsm.12200
https://doi.org/10.1139/h2012-079
https://doi.org/10.1139/h2012-079
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32567-6/sref24
https://doi.org/10.1007/s13539-014-0130-5
https://doi.org/10.3945/ajcn.113.078576
https://doi.org/10.1016/j.acra.2011.04.014
https://doi.org/10.1016/j.acra.2011.04.014
https://doi.org/10.1016/j.pmr.2011.11.009
https://doi.org/10.1002/jcsm.12268
https://doi.org/10.4236/OJN.2014.41008
https://doi.org/10.4236/OJN.2014.41008
https://doi.org/10.1007/8904_2015_473
https://doi.org/10.1007/8904_2015_473
https://doi.org/10.11005/jbm.2015.22.2.71
https://doi.org/10.1097/MCC.0000000000000511
https://doi.org/10.1097/MCC.0000000000000511

	Comparative assessment of skeletal muscle mass using computerized tomography and bioelectrical impedance analysis in critic ...
	1. Background
	2. Methods
	2.1. Patients
	2.2. Assessment of SMM from CT scan
	2.3. BIA evaluation
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Ethics approval and consent to participate
	Authors' contributions
	Conflicts of interest
	Funding & Acknowledgments
	Abbreviations
	References


