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Background: The primary objective of this study was to compare measurements of skeletal muscle
index (SMI), visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) at the level of L3, on
subjects who underwent computed tomography (CT) and magnetic resonance imaging (MRI) examinations
within a three-month period. The secondary objective was to compare the automatic and semi-automatic
quantifications of the same values for CT images.

Methods: Among subjects who underwent CT and MRI at our Institution between 2011 and 2020,
exclusion criteria were: presence of extensive artifacts; images not including the whole waist circumference;
CT acquired with low-dose technique and lack of non-contrast images. A set of three axial images (CT,
MRI T1-weighted and T2-weighted) were used to extract the following measurements with semi-automatic
segmentations: SMI [calculated normalizing skeletal muscle area (SMA) by the square height], SAT, VAT.
For the CT images only, the same values were also calculated by using automatic segmentation. Statistical
analysis was performed comparing quantitative MRI and CT measurements by Pearson correlation analysis
and by Bland-Altman agreement analysis.

Results: A total of 123 patients were included. By performing linear regression analysis, CT and MRI
measurements of SMI showed a high correlation (*=0.81 for T1, r’=0.89 for T2), with a mean logarithmic
difference between CT and MRI quantitative values of 0.041 for T1-weighted and 0.072 for T2-weighted
images. CT and MRI measurements of SAT showed high correlation (°=0.81 for T1; r’=0.81 for T2), with
a mean logarithmic difference between CT and MRI values of 0.0174 for T1-weighted and 0.201 for T2-
weighted images. CT and MRI measurements of VAT showed high correlation (1°=0.94 for T1; r’=0.93 for
T2), with a mean logarithmic difference of 0.040 for T1-weighted and -0.084 for T2-weighted images. The
comparison of values extracted by semi-automatic and automatic segmentations were highly correlated.
Conclusions: Quantification of body composition values at MRI from T1-weighted and T2-weighted

images was highly correlated to same values at CT, therefore quantitative values of body composition among
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patients who underwent either one of the examinations may be compared. CT body composition values

extracted by semi-automatic and automatic segmentations showed high correlation.
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Introduction

Body composition may be an important feature in many
clinical settings as it can be associated with efficacy and
toxicity of therapies, with patient functional status as well
as with surgical complication rates and survival (1-3). Many
studies have calculated body composition in different ways,
ranging from a simple waist-to-hip ratio or body mass index
(BMI) to a complex profiling, usually reserved for research
settings, based on fat-referenced magnetic resonance
imaging (MRI) (4).

Since water, fat and proteins compose the soft tissues of
the human body, body composition measurements include
segmentation of muscle, visceral fat and subcutaneous
fat, frequently performed on a single axial computed
tomography (CT) particularly in oncology research (5-9).
Since the muscles at the level of L3 include the psoas
muscle, the paraspinal muscles and the abdominal wall
muscles, the skeletal muscle area (SMA) at this level is
considered an optimal approximate for the entire body
skeletal muscle (5), and allows to calculate skeletal muscle
index (SMI), as SMA divided by square height. The
distinction of subcutaneous adipose tissue (SAT) and visceral
adipose tissue (VAT) is important because the two types of
fat accumulation are associated with different metabolic
risks (10-12).

All these measurements can be performed by using semi-
automatic or fully automatic segmentation methods on CT.
Since CT imaging is based on the use of X-rays, its use may
be a hurdle to clinical research in healthy volunteers, as well
as in patients that are evaluated solely by MRI (13).

Compared to CT, MRI shows better soft tissue
definition, especially for fat, and thus it may offer easier
segmentation of fat and muscles (14,15), although its use
for body composition assessment is still limited because
of the costs involved and the need for more complex post-
processing techniques (4).

However, in clinical and research settings where either
CT or MRI are available, it would be of benefit to know
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whether body composition measures evaluated on routine
clinical abdominal MRI and CT at the level of the third
lumbar vertebra (IL3), may be as reliable.

Therefore, the primary objective of this study was to
retrospectively compare measurements of SMI, VAT and
SAT at the level of L3, on subjects who underwent clinical
CT and MRI examinations within a 3-month period. The
secondary objective was to compare the automatic and
semi-automatic quantifications of the same values for the
sole CT images.

We present the following article in accordance with the
MDAR checklist (available at https://dx.doi.org/10.21037/
qims-21-619).

Methods
Patient selection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the regional ethics committee of Canton
Ticino and individual consent for this retrospective analysis
was waived. The study population was retrospectively
selected among subjects who underwent both a CT and an
MRI scan for medical purposes at our Institution within no
more than 3 months between them between 2020 and 2011.
We did not go furtherly backwards because the techniques
of acquisition could have been different, thus influencing
the quality of segmentation (16). The mean, median and
standard deviation (SD) of time interval between the two
exams were calculated and evaluated for significance. The
height of the patients was recorded. The weight of the
patients was recorded, where available, at the two time-
points and mean, median and SD were calculated. Clinical
indication to perform the examination was also recorded.
Exclusion criteria were: presence of extensive artifacts
due to metallic prostheses (for CT and MRI) or bowel
movements (for MRI); images not including the whole waist

circumference at the level of L3 (for CT and MRI); CT
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Table 1 Sarcopenia defined according to BMI and SMI threshold
values (Martin)

SMI index
BMI
Male Female
<20.0 <43 <41
20.0-24.9 <43 <41
25.0-29.9 <53 <41
>29.9 <53 <41

BMI, body mass index; SMI, skeletal muscle index.

acquired with low-dose technique; lack of sequence without
contrast medium at CT.

Body surface area (BSA) was calculated according to
the Du Bois formula (17). BMI was calculated as weight/
height’. Patients were then further divided into three
groups for separate analyses according to WHO definition
of obesity (18) into: underweight (BMI: <18.5), normal
weight (BMI: 18.5-24.9), overweight or obese (BMI: >25).
A further distinction was made between sarcopenic and non
sarcopenic patients according to the criteria derived from
Martin and colleagues (19), as shown in Table 1.

CT and MRI acquisition

CT and MRI examinations were acquired on different
scanners at different Institutions, but they were all available
in digital format on the local picture archiving and
computer system (PACS). The CT series used for extraction
were acquired without iodinated contrast medium; the
MRI sequences used were T1-weighted and T2-weighted
without fat saturation, acquired on 3T machines.

CT and MRI data extraction

An axial image at the level of L3 was stored in Digital
Imaging and Communications in Medicine (DICOM)
format for the CT series (1 image), for the T1-weighted
series (1 image) and for the T2-weighted series (1 image).
The images were coded and stored in a dedicated folder,
where the reader was not able to associate images from the
same patient. The set of three images was then uploaded
into the Slice-O-Matic software v5.0 (Tomovision, Canada).
%  CT semi-automatic segmentation: by using either
the morpho mode or the region growing mode,
semi-automatic segmentations were drawn by
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one person with 1 year of experience in imaging
evaluation (CZ). In case of doubts regarding
segmentation, a senior radiologist with >15 years of
experience (SR) double-checked the segmentations.
The morpho mode uses mathematical morphology
to segment and edit the images. Mathematical
morphology segmentation is done by computing
the watershed of the gradient that gives a mosaic-
like appearance to the image. Each region of this
mosaic may then be filled with the appropriate tag
value, corresponding to the tissue type (mainly
muscle, subcutaneous fat and visceral fat). The final
step done by the software is to merge the areas of
these regions together. CT attenuation thresholds
were -29 to 150 Hounsfield units (HU) for skeletal
muscle; -190 to -30 HU for SAT; -150 to -50 HU
for VAT.

CT automatic segmentation: the Automatic
Body composition Analyzer using Computed
tomography image Segmentation (ABACS) module,
commercially available as adjunctive tool to Slice-
O-Matic, was used. The algorithm behind ABACS
follows a two-step approach: in the first step, a
muscle region mask is determined using a template-
based segmentation methodology, wherein a binary
template defining an initial shape of the muscle
is deformed via non-rigid registration to closely
match the muscle region in the binarized version
(obtained by thresholding within the muscle -29 to
150 HU range) of the input slice. The deformation
process is guided by a statistical shape prior model.
This aids the disambiguation of the muscle tissue
from the neighboring organs with overlapping
HU ranges, leading to an accurate segmentation of
the muscle region mask. The second step involves
masking the input slice with the estimated muscle
region segmentation and determining the final
muscle, subcutaneous, and VAT regions of interest
using the corresponding pre-defined HU ranges
for these tissues. Specifically, the pixels within
the muscle region mask have attenuation values
ranging from -29 to 150 HU. The pixels lying
‘outside’ of the outer boundary of the muscle mask
that have attenuation values in the -190 to -30 HU
range, comprise the SAT while the pixels that are
‘inside’ the interior of the inner of the boundary of
the muscle mask and have attenuation values in the
-150 to =50 HU range are used to define the VAT
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Figure 1 Semi-automatic segmentation of SMA (red) used to calculate SMI, VAT (yellow) and SAT (light blue) from axial images at the
level of L3 in the same patients. (A) Non-iodinated CT. (B) MRI T1-weighted sequence. (C) MRI T2-weighted sequence. As shown in this
example, main tissues are well depicted on all the images, although some minor differences can be seen within the segmentation of the psoas
muscles and abdominal wall (minor missing dots in MRI images), of the SAT (with MRI missing some dots on the surface), and of the VAT
(with bowel representing a confounding element). SMA, skeletal muscle area; SMI, skeletal muscle index; VAT, visceral adipose tissue; SAT,

subcutaneous adipose tissue; L3, the third lumbar vertebra; CT, computed tomography; MRI, magnetic resonance imaging.

ROI (20,21). The software is available commercially internal obliques, and rectus abdominis muscles)
from Voronoi Health Analytics Inc., (Coquitlam, expressed in cm’; SAT expressed in cm’; and VAT
Canada; https://voronoihealthanalytics.com) and expressed in cm’. The SMI was then calculated by
is integrated into the SliceOmatic (TomoVision, normalizing SMA by the square height (m’) and
Magog, Canada; https://tomovision.com) software reported as cm’/m’. For CT images, the mean
as a module. values of densities in HU, as reported by the

% MRI semi-automatic segmentation: MRI images software, were also recorded.
were segmented by using the morpho mode of For the set of CT images only, SMA, SAT and VAT were
Slice-O-Matic. also calculated by using the automatic segmentation.

% By using either the morpho mode or the region An example of semiautomatic segmentation of SMA,
growing mode, semi-automatic segmentations were SAT and VAT on CT and MRI images is shown in Figure 1.
drawn by one person with 1 year of experience The single axial measures of SAT and VAT were used
in imaging evaluation (CZ). In the case of doubts to calculate the whole body volumes (in liters) of skeletal
regarding segmentation, a senior radiologist with muscle and VAT, according to the formulas proposed by

>15 years of experience (SR) double-checked Shen et al. (6).
the segmentations. The following quantitative
measurements were recorded: SMA (including . . .

. Statistical analysis
the psoas, erector spinae, quadratus lumborum,

transversus abdominis, external obliques, Quantitative variables were presented as mean with SD, or
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Table 2 Main characteristics of study population

Zaffina et al. CT and MRI body composition

Characteristics Value
Subjects, n [males; females] 123 [69; 54]
Age (years), mean + SD 66+12
Time interval (days) between the first and the second exam, mean; median; SD 36.1; 31; 29.5
Weight (kg), mean + SD 70+15
Weight change (kg) between the first and second exam*, mean; median; SD 0.2;0; 2.0
Height (m), mean + SD 1.68+0.11
BMI (kg/m?), mean + SD 2516.5
BSA (m?), mean + SD 1.78+0.21
Clinical indication to perform imaging examinations, n [%]
Pancreatic lesions 39 [31]
Hepatic lesions 37 [30]
Gallbladder and biliary tree lesions 16 [13]
Renal lesions 13 [10]
Gastro-intestinal cancers 9[7]
Other cancers 9[7]

*, available in 93/123 patients. SD, standard deviation; BMI, body mass index; BSA, body surface area.

as median with their interquartile ranges, as appropriate.
Qualitative data were presented as absolute numbers with
percentages.

Quantitative MRI measurements were compared with
CT measurements by using Pearson correlation analysis and
by Bland-Altman agreement analysis (22). Linear regression
analysis explain how the values on the Y-axis vary with the
values on the X-axis in a predictable way which can be
represented by a straight line. The more the points cluster
around the line, the more the model works well and the
values on the Y-axis are predictable. In Bland-Altman plots,
the central line represents the average difference between
methods: the more the points are closer to the central line,
the more the differences between the two groups of values are
homogeneous and similar to the average difference. Intersperse
points show variability in differences between values.

If in the Bland-Altman plots the difference between pairs
of measurements increased with the mean, a logarithmic
transformation (natural logarithm) of the measurements
was performed, as suggested (22). Analysis was performed
on total sample, further divided according to BMI and
sarcopenia. Different subgroups were built and separately
analyzed in order to assess whether these issues could
affect the comparison between methods. Furthermore, the
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following compartments were calculated for the 4 sets of
images: (SAT + VAT)/SMI; SAT/VAT; SMI/SAT.

All statistical analyses were carried out with the Stata 15
(StatCorp. LP, College Station, TX, USA).

Results

According to inclusion and exclusion criteria, 27 patients
were excluded and the final cohort consisted of 123 patients
(69 males and 54 females) with a mean age of 6612 years,
with different clinical indications for undergoing the
imaging examinations. Baseline characteristics of the study
population are summarized in Table 2. Height (and SMI)
were available for 122/123 patients. The mean time between
the two time-points was 36.1, and there was no significant
difference for time interval (P=0.47). Weight at the two
time-points was available in 93/123 patients, and the mean
difference was -0.2 kg (P=0.9). The largest difference in
weight between the two time-points was encountered in
3 patients: 1 was due to heart failure (first exam) that was
then treated by diuretic therapy (-12 kg); 1 was associated
to a large pseudocyst, that was then drained (-7 kg); 1 was
associated to a chronic abuse of ethyl (-10 kg). Details about
segmentation values of the 3 outlier patients are included in
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Table 3 Mean and SD of body composition values calculated at L3 level on CT by semi-automatic and automatic segmentation, and on MRI

T1-weighted and T2-weighted sequences

Body composition values o MRI T1 MRI T2
Semi

SMI (cm’/m?) 46.4+13.0 45.2+13.5 44.5+11.2 43.11£11.24

SMA (cm?) 129.1+32.5 125.8+29.8 124.0+31.3 120.1+29.7

SM CT density (HU) 22.1+12.2 28.3+8.1 - -

SAT (cm?) 193.6+86.8 186.1+99.0 163.5+73.6 160.2+73.4

SAT CT density (HU) -97.7+16.2 -96.0+13.9 - -

VAT (cm?) 157.0+105.9 150.2+105.0 146.5+99.1 161.3+105.7

VAT CT density (HU) -93.1+84.4 -91.5+10.5 - -

(SAT + VAT)/SMI 2.71+1.09 2.70+1.34 2.50+1.03 2.68+1.13

SAT/VAT 2.14+2.52 2.05+2.05 1.72+1.35 1.45+£1.07

SMI/SAT 0.82+0.45 1.07+1.43 0.95+0.53 0.96+0.58

SD, standard deviation; L3, the third lumbar vertebra; CT, computed tomography; MRI, magnetic resonance imaging; SMI, skeletal muscle
index; SMA, skeletal muscle area; SM, skeletal muscle; HU, Hounsfield units; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

Table S1.

Assessment of SMI, SAT and VAT areas and their values
on CT and MRI are listed in Table 3.

Mean and SD of calculated volumes of SMA from CT
images with semiautomatic and automatic segmentations
and with MRI on T1 and T2 images were 23.6£5.4; 23+5;
22.7+5.2 and 22.1+4.9 liters, respectively. Mean and SD
of calculated volumes of VAT from CT images with
semiautomatic and automatic segmentations and with MRI
on T1 and T2 images were 14.8+7.2; 14+7.3; 14.1+6.8;
15.1+7.2 liters, respectively.

SMI

By performing linear regression analysis, CT and MRI
derived measurements of SMI showed a high correlation
(r’=0.81 for T1; 1°=0.89 for T2). The Bland-Altman analysis
comparing the SMI calculated from CT and MRI images
showed an average difference of 0.041 for T1-weighted
images (95% confidence interval: 0.020 to 0.062; limits of
agreement: -0.192 to 0.274), and 0.072 for T2-weighted
images (95% confidence interval: 0.055 to 0.088; limits of
agreement: -0.109 to 0.252), respectively (Figure 2).

SAT

By performing linear regression analysis, CT and MRI
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derived measurements of SAT showed a high correlation
(r’=0.81 for T'1; r’=0.81 for T2). The Bland-Altman analysis
comparing SAT calculated from CT and from MRI images
showed an average difference of 0.0174 for T1-weighted
images (95% confidence interval: 0.141 to 0.206; limits of
agreement: 0.197 to 0.544), and 0.201 for T2-weighted
differences (95% confidence interval: 0.167 to 0.236; limits
of agreement: -0.190 to 0.593), respectively (Figure 3).

VAT

By performing linear regression analysis, CT and MRI
derived measurements of SAT showed a high correlation
(r’=0.94 for T'1; r’=0.93 for T2). The Bland-Altman analysis
comparing VAT calculated from CT and from MRI images
showed an average difference of 0.040 for T1-weighted
images (95% confidence interval: -0.001 to 0.081; limits of
agreement: -0.428 to 0.508), and -0.084 for T2-weighted
images (95% confidence interval: -0.131 to -0.036; limits of
agreement: -0.623 to 0.456), respectively (Figure 4).

Assessment of SMI, SAT and VAT values on CT, MRI
T1-weighted and MRI T2-weighted images, performed on
subgroups derived according to BMI and sarcopenia, are
shown in Table 4.

Table 5 shows results of Bland-Altman agreement
analysis, comparing MRI measurements and CT
measurements for each sub-group. Results are reported as

Quant Imaging Med Surg 2022;12(2):1450-1466 | https://dx.doi.org/10.21037/qims-21-619
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Figure 2 Bland-Altman plots and linear regression analysis, showing the average on the logarithmic scale of the difference between SMI
measured by CT and MRI. (A) Bland-Altman plot of InCTSMI and by MRI T1-weighted (InMRT1SMI) images. (B) Linear regression
analysis of InNCTSMI and InMRT1SMI images. (C) Bland-Altman plot of InCTSMI and InMRT2SMI images. (D) Linear regression analysis
of InCTSMI and by MRI T2-weighted images. The linear regression analysis (B,D) shows a clustering of points around the straight line,
demonstrating that the MRI measurements of SMI are predictable starting from the CT measurements. The central line of the Bland-
Altman plots represents the average difference between the two methods. In this analysis (A,C) most of the dots are equally distributed
above and below the central line; moreover the measurements difference is more homogeneous comparing the MRI T1-weighted images to
CT images than MRI T2 images to CT images. SMI, skeletal muscle index; CT, computed tomography; MRI, magnetic resonance imaging;
InCTSMLI, the difference between SMI measured by CT; InMRT1SMI, the difference between SMI by MRI T1-weighted; InMRT2SMI,

the difference between SMI by MRI T2-weighted.

average difference with relative 95% confidence interval
and limits of agreement.

CT segmentation

The comparison of values calculated by using the semi-
automatic vs. the automatic segmentation method showed
differences on the logarithmic scale of 0.025 for SMI (95%
confidence interval: 0.003 to 0.047; limits of agreement:
-0.221 to 0.272); 0.053 for VAT (95% confidence interval:
0.013 to 0.092; limits of agreement: -0.394 to 0.499), and
0.094 for SAT (95% confidence interval: 0.054 to 0.134;
limits of agreement: -0.364 to 0.552), respectively (Figure 5).
An example of semi-automatic and automatic segmentation

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

of SMA, SAT and VAT on the same CT image is shown in
Figure 6.

Discussion

Body composition assessment is gaining increasing attention
in many clinical settings, because of its role in metabolism
of drugs, advent of therapy complications, cardiovascular
and metabolic risk (4,23). Sarcopenia is a condition
characterized by loss of muscle mass and muscle strength.
Muscle mass decrease is directly responsible for functional
impairment with loss of strength, increased likelihood of
falls, and loss of autonomy (24). Cachexia is a multifactorial
syndrome characterized by severe body weight, fat and
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Figure 3 Bland-Altman plots and linear regression analysis, showing the average on the logarithmic scale of the difference between SAT
measured by CT and MRI. (A) Bland-Altman plot of InCTSAT and InMRT1SAT images. (B) Linear regression analysis of InCTSAT
and InMRT1SAT images. (C) Bland-Altman plot of InNCTSAT and InMRT2SAT images. (D) Linear regression analysis of InCTSAT

and InMRT2SAT images. The linear regression analysis (B,D) shows a clustering of points around the straight line, but shows also some

points distant from the central line. Accordingly, the Bland-Altman plots (A,C) show that there are some outliers dots comparing MRI

T1-weighted images to CT images as well as comparing MRI T1-weighted images to CT images. SAT, subcutaneous adipose tissue; CT,
computed tomography; MRI, magnetic resonance imaging; InCTSAT, the difference between SAT measured by CT; INMRT1SAT, the
difference between SAT by MRI T'1-weighted; InMRT2SAT; the difference between SAT by MRI T2-weighted.

muscle loss and increased protein catabolism due to
underlying diseases; this condition is clinically relevant since
it increases patients’ morbidity and mortality (24).

The CT scan offers a good evaluation for body
composition analysis, thanking its accuracy in quantification
of muscle and fat, and its fast acquisition. In the oncological
setting, where patients are usually evaluated over time by
CT (25-28) a retrospective evaluation of skeletal muscle
from clinical CT examinations is indeed an opportunistic
source of significant information regarding sarcopenia and
fat distribution (23). In these patients CT scan offers also the
opportunity to assess the attenuation values of muscle and
fat, which give information about the functional status of
these tissues. For instance, low attenuation values within the
muscle, indicate high fat infiltration and lower performance.
However, for some categories of patients, such as patients

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

with pancreatic and hepatic lesions, MRI is frequently used
for imaging assessment instead of CT, as demonstrated
in this study cohort, where the most frequent indications
to perform the exams were evaluations of pancreatic and
hepatic lesions. We therefore deemed it important to
evaluate whether MRI can be as reliable as CT in evaluation
of body composition quantitative values. With this regard,
Tandon et /. demonstrated that CT and MRI were
comparable in the evaluation of SMI in 61 liver transplant
donors, and conclude that MRI can be used interchangeably
with CT to quantify L3 skeletal muscle cross-sectional
area (29), although in their study there were some significant
outliers, mostly favoring the use of CT (29,30). Therefore,
the question of whether or not CT and MRI measurements
of skeletal muscle are comparable was still open and needed
further evaluations. Higgins er a/. performed a comparison
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Figure 4 Bland-Altman plots and linear regression analysis, showing the average on logarithmic scale of the difference between VAT
measured by CT and by MRI. (A) Bland-Altman plot of InCTVAT and InMRT1VAT. (B) Linear regression analysis of InCTVAT and
InMRT1VAT images. (C) Bland-Altman plot of InCTVAT and InMRT2VAT images. (D) Linear regression analysis of InNCTVAT and
InMRT2VAT images. The linear regression analysis (B,D) shows a clustering of points around the straight line, demonstrating that the
MRI measurements of VAT are predictable starting from the CT measurements. The Bland-Altman plots (A,C) show that there are some
outliers dots comparing MRI T1-weighted images to CT images as well as comparing MRI T1-weighted images to CT images, being
MRI measurements more prone to overestimate the VAT values. VAT; visceral adipose tissue; CT, computed tomography; MRI, magnetic
resonance imaging; InCTVAT, the difference between VAT measured by CT; InMRT1VAT, the difference between VAT by MRI T'1-
weighted; InMRT2VAT] the difference between VAT by MRI T2-weighted.

Table 4 Assessment of SMI, SAT and VAT values on CT, MRI T1-weighted and MRI T2-weighted images, performed on subgroups derived
according to BMI and sarcopenia

Body composition values or MRI T1 MRI T2
Semi Auto
Underweight
SMI (cm*/m?) 33.79+3.37 37.89+4.93 30.86+3.19 31.27+6.16
SMA (cm?) 93.1+12.10 105.2+20.78 85.6+16.91 84.8+9.27
SM CT density (HU) 31.9+10.86 31.9+7.68 - -
SAT (cm?) 75.6+29.94 56.4+34.62 64.8+28.44 62.2+28.42
SAT CT density (HU) -68.0+21.70 -72.0+15.96 - -
VAT (cm?) 31.5+28.21 27.2+22.91 32.6+19.17 40.6+24.33
VAT CT density (HU) -60.6+16.14 —77.7+5.39 - -
Table 4 (continued)
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Table 4 (continued)
CT
Body composition values MRI T1 MRI T2
Semi Auto
Normal weight
SMI (cm*/m?) 43.57+7.78 42.81+7.85 40.82+6.92 42.51+8.27
SMA (cm?) 124.4+27.02 122.2+26.12 121.1+25.89 116.5+£23.70
SM CT density (HU) 22.8+11.44 28.8+7.54 - -
SAT (cm?) 170.3+65.70 157.2+63.66 145.2+57.81 142.8+59.09
SAT CT density (HU) -99.1+14.10 -97.1+13.32 - -
VAT (cm?) 130.0+76.45 122.8+74.87 121.6+70.07 136.4+74.02
VAT CT density (HU) -85.5+15.49 -89.9+15.56 - -
Overweight
SMI (cm*/m?) 54.38+16.58 51.02+19.18 50.09+13.87 51.36+11.94
SMA (cm?) 148.5+33.43 138.5+£33.37 141.3+31.48 137.3+31.39
SM CT density (HU) 17.7+12.38 25.5+8.08 - -
SAT (cm?) 261.7+72.51 266.8+96.96 220.4+61.43 213.0+62.64
SAT CT density (HU) -103.5+8.01 -100.3+6.58 - -
VAT (cm?) 245.0+98.26 222.5+115.89 225.8+98.78 244.0+108.33
VAT CT density (HU) -116.1+143.47 -88.8+25.67 - -
Sarcopenic
SMI (cm*/m?) 38.1+5.69 39.3+5.75 37.3+£6.95 36.5+5.86
SMA (cm?) 109.0+23.77 112.5+£23.23 106.9+26.15 104.4+23.16
SM CT density (HU) 24.3+11.66 28.8+7.21 - -
SAT (sz) 157.2+95.25 143.8+82.26 140.8+79.45 136.0+77.20
SAT CT density (HU) -93.3+19.64 -91.4+15.7 - -
VAT (cm?) 115.4+£95.25 112.7+£96.73 112.3+94.63 124.6+102.82
VAT CT density (HU) -79.0+19.02 -87.3+9.66 - -
Non sarcopenic
SMI (cm?/m’) 53.3+13.34 50.0+15.89 50.5+10.47 48.5+11.71
SMA (cm?) 147.0+£28.74 137.5+30.31 139.6+27.24 134.2+27.73
SM CT density (HU) 19.8+12.51 27.2+8.46 - -
SAT (cm?) 222.8+78.75 220.4+98.96 182.7+63.07 179.2+96.56
SAT CT density (HU) -101.5+11.85 -99.7+11.19 - -
VAT (cm?) 198.0+99.44 177.9+105.93 180.0+92.47 197.8+96.56
VAT CT density (HU) -106.0+114.09 -89.4+24.63 - -

SMI, skeletal muscle index; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; CT, computed tomography; MRI, magnetic

resonance imaging; BMI, body mass index; SMA, skeletal muscle area; SM, skeletal muscle; HU, Hounsfield units.
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Table 5 Bland-Altman agreement analysis, comparing MRI measurements and CT measurements for each sub-group. Results are reported as
average difference with relative 95% confidence interval and limits of agreement

Body composition Muscle condition BMI
Total sample
values Sarcopenic Non sarcopenic Underweight Normal weight Overweight
SMI index
CTvs. T1
Av. diff. 0.041 0.027 0.052 0.096 0.026 0.049
Conf. int. 0.020 to 0.062 -0.007 to 0.062 0.026 to 0.078 —-0.044 t0 0.230 0.001 to 0.052 0.017 to 0.080
Lim. agr. -0.192t0 0.274  -0.227 to 0.282 -0.162 to 0.265 -0.312t0 0.504 -0.178 t0 0.233 —-0.147 to 0.245
CTvs. T2
Av. diff. 0.072 0.044 0.094 0.091 0.063 0.080
Conf. int. 0.055 to 0.088 0.023 to 0.065 0.071t0 0.117 0.037 to 0.145 0.041 to 0.086 0.051 to 0.107
Lim. agr. -0.109t0 0.252  -0.111t00.199  -0.095 to 0.283 -0.066t0 0.249  -0.152t00.244  -0.096 to 0.255
SAT
CTvs. T1
Av. diff. 0.174 0.138 0.198 0.150 0.170 0.174
Conf. int. 0.141 to 0.206 0.084 to 0.192 0.156 to 0.240 0.011 to 0.289 0.126 t0 0.213 0.123 to 0.225
Lim. agr. 0.197 to 0.544 —-0.262 t0 0.537  -0.146 to 0.542 -0.310t0 0.611  -0.198t0 0.538  -0.163 to 0.511
CTvs. T2
Av. diff. 0.201 0.179 0.223 0.200 0.194 0.211
Conf. int. 0.167 to 0.236 0.123 t0 0.236 0.176 to 0.269 0.065 to 0.335 0.148 t0 0.240 0.152 to 0.270
Lim. agr. 0.190 to 0.593 -0.236t0 0.595  —-0.160 to 0.605 -0.245t00.646 -0.192t00.580  -0.179 to 0.602
VAT
CTvs. T1
Av. diff. 0.040 -0.013 0.095 -0.085 0.046 0.092
Conf. int. -0.001t0 0.081  -0.092 to 0.065 0.053 to 0.136 -0.353t00.183  —0.003 to 0.096 0.041 to 0.142
Lim. agr. -0.428t0 0.508  -0.592t0 0.565  -0.246 to 0.436 -0.9721t00.803 -0.372t00.464  -0.239 to 0.432
CTvs. T2
Av. diff. -0.084 -0.165 -0.014 -0.312 -0.097 0.016
Conf. int. -0.131t0 -0.036 -0.256 to —0.073  -0.056 to 0.027  —0.548 to -0.076 -0.160to -0.435 -0.029 to 0.061
Lim. agr. -0.623t0 0.456  —0.840to 0.511 -0.356 to 0.327 -1.092t0 0.469 -0.6231t00.456  -0.282t0 0.315

MRI, magnetic resonance imaging; CT, computed tomography; SMI, skeletal muscle index; av. diff., average difference; conf. int.,
confidence interval; lim. agr., limits of agreement; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

of body composition values in 58 patients who underwent measurement of body composition (31). Khan ez /. assessed
CT and MRI as pre-operative assessment for renal cell the reproducibility and concordance of CT and MRI
carcinoma. The authors demonstrated a strong correlation segmentation analyses of SMA at mid-L3 on a small sample
of measurements of skeletal muscle and adipose tissues, thus of 9 patients with renal cell carcinoma, demonstrating a
supporting the use of axial MRI images for comprehensive strong correlation of SMA at mid-L3 between CT and T2-
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Figure 5 Bland-Altman plots and linear regression analysis, showing the average on the logarithmic scale of the difference between

computed tomography (CT) values extracted by semi-automatic segmentation and automatic segmentation. (A) Bland-Altman plot for SMI
(InCTSMIsemi - InCTSMIauto). (B) Linear regression analysis for SMI. (C) Bland-Altman plot for VAT (InCTVATsemi - InCTVATauto).
(D) Linear regression analysis for VAT. (E) Bland-Altman plot for SAT (InCTSATsemi - InCTSATauto). (F) Linear regression analysis for
SAT. CT, computed tomography; SMI, skeletal muscle index; InCTSMI, the difference between SMI measured by CT; VAT, visceral adipose
tissue; INCTVAT, the difference between VAT measured by CT; SAT, subcutaneous adipose tissue; InNCTSAT, the difference between SAT

measured by CT.

weighted MRI (32).

Wang et al. assessed the validity and reliability of
abdominal SMA measurement by comparing CT and
MRI based on the fat image of IDEAL-IQ sequence at the
lumbar level mid-L3, demonstrating that MRI exhibited
good interobserver reliability and excellent agreement with
CT for quantification of abdominal SMA (33). Sinelnikov

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

et al. investigated the correlation between CT and MR
measurements of SMA in the abdomen of 12 patients, and
demonstrated that SMA at CT correlated closely with MR,
with T2-weighted images showing the highest correlation
(r=0.98; P<0.01) (34). According to the abovementioned
studies, in a larger cohort of 123 subjects, we demonstrated
that SMI, derived from SMA, measured by CT and MRI at
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Figure 6 SMA (red) used to calculate SMI, VAT (yellow) and SAT (light blue) on the same CT image. (A) Segmentation performed by semi-

automatic tool. (B) segmentation performed by automatic tool. In this example, the automatic segmentation failed to include some small

muscle areas (as the lateral part of the psoas muscles and some small dots within the anterior abdominal wall), likely due to low densities

related to fat infiltration. SMA, skeletal muscle area; SMI, skeletal muscle index; VAT, visceral adipose tissue; SAT, subcutaneous adipose

tissue; CT, computed tomography.

the level of L3 showed a high correlation (r’=0.81 for T,
’=0.89 for T2).

The interchangeability of the two techniques would be
of great help when the same patient undergoes CT and
MRI at different time-points, also for the assessment of fat
distribution. Indeed, the variation of VAT over time may
help to evaluate patients after bariatric surgery (35), or
under dietary restrictions (36), or included in weight loss
programs, or under physical exercise regimens (15). In a
study focused on 31 patients, accuracy of MRI measurement
of VAT was compared to CT and the authors demonstrated
an accuracy of T1-weighted and T2-weighted MRI of 89%
and 91% compared to CT (37). CT and MRI have both
been used as tools to investigate the distribution of SAT
and VAT (38,39). If CT offers an opportunistic evaluation
of fat infiltration by attenuation values, MRI using Dixon
technique may give information as reliable. However,
Dixon sequences have to be planned in advance, and for
the calculation of fat infiltration, both the water-only and
the fat-only should be available on the PACS. In our cohort
of 123 patients, the VAT measurements by MRI and CT
showed a high correlation, both with T'1-weighted images,
and with T2-weighted images, with an average difference
of 0.040 for T1-weighted images and -0.084 for T2-
weighted images. This good performance of quantification
from both sequences is likely due to the semi-automatic
segmentation allowing selection and exclusion of the intra-
bowel hyperintensity, which may fall in the same grey
level intensities of fat using an automatic segmentation

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

method. Nonetheless, looking at the Bland-Altman plots,
the lowest median difference in VAT assessment, was
shown by the comparison of MRI T2-weighted images
and CT images, being T2-weighted images more prone
to overestimate VAT. This difference may be due to the
intrinsic characteristic of the T2-weighted images, where
the hyperintensity of fat within the visceral cavity may allow
an easier identification for the radiologist’s eye compared
to T1-weighted images and non-contrast CT images. This
is indeed confirmed by the assessment after division in sub-
groups according to BMI, where the overestimation of 12-
weighted images is more evident in underweight patients.

Despite its prognostic value, body composition is rarely
assessed as a default to improve risk stratification before
surgery and chemotherapy, or to personalize lifestyle
interventions during cancer therapy. This may be due to a
lack of time-efficient, clinic-friendly assessment tools that
produce accurate muscle and adipose tissue quantifications.
Automated analysis of body composition has the potential to
substantially reduce this workload and to accelerate research
in body composition. For this reason, we compared the
results in body composition assessment of a semi-automatic
and automatic segmentation.

In our cohort, the two segmentation methods showed
high agreement of the measurements. This is in accordance
with the results of Cespedes Feliciano ez a/., who in a
large cohort of 5,990 patients demonstrated a strong
agreement between manual and automatic segmentations
overall, as well as within subgroups of age, sex, BMI,
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and cancer stage, although the automatic segmentation
performance was lowest for some patients (<2%) who
were underweight or had anatomic abnormalities (20).
It is probable that we did not encounter this finding
because one of our exclusion criteria was the presence of
extensive artifacts or bowel motion, which can alter the
segmentation (40), particularly with the automatic tool. In
a recent study, Dalah er a/. compared automatic and semi-
automatic segmentation of VAT and SAT determined
on T2-weighted MRI in 55 overweight/obese adults,
demonstrating that semi-automatic segmentation showed a
stronger correlation with bioelectrical impedance analysis,
compared to manual segmentation (41). Therefore,
although automatic segmentations are correlated with
semi-automatic segmentations and can be used as well, it
may be important to consider a visual check of the images
before segmentation, mainly when using the automatic
segmentation.

This study has some limitations. First, the selection of
patients was not based on the clinical indication, but on the
availability of CT and MR scans of the same patient. This
might have affected the typology of patients selected, as
demonstrated by the high number of oncological patients.
Oncological patients may be prone to rapid changes in
body composition for disease-related problems, such as
cachexia, as well as for therapy-related complications
(nausea, vomiting, etc.). However, we restricted the
period for the inclusion of the two examinations to 3
months, specifically to reduce the possibility of major
changes in body composition, even in oncological patients;
furthermore, we evaluated the changes in weight between
the two exams, when this data was available. Second,
we did not assess any inter-reader agreement. However,
since the primary objective of the study was to assess
differences in quantitative measurements between two
different imaging modalities, we tried to keep all the other
variables as constant as possible, including the number of
readers. Third, we could not perform a comparison of MRI
measurements made with more sophisticated evaluations,
such as fat-referenced acquisitions. However, this type
of assessment, which shows great promise for a precise
quantification of body composition and the related risks,
needs dedicated acquisition and can therefore be included
only in a prospective way. Since the main objective of this
study was to assess whether MRI and CT quantitative
measures of body composition assessed at the level of L3 are
comparable for use in retrospective studies, a prospective
acquisition was beyond our scope. Furthermore, we do

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

know that body composition analysis may rely on changes
of organ/tissue areas overtime, and not only on a single time
evaluation. Therefore, in a more comprehensive evaluation
of patients, the assessment of body composition at the level
of L3, as done in this study, may not reflect changes at the
whole body level (42). Nevertheless, in such evaluations,
additional assessments may be planned in advance,
according to the clinical setting under evaluation.

Finally, we did include examination over a large time
span and this may potentially influence the quality of
segmentation; nevertheless, it is known that contrast
medium may influence the quality of segmentation (16)
and all the CT scans were performed without contrast
medium.

In conclusion, our results demonstrate that quantification
of SMI, SAT and VAT at MRI from T1-weighted and T2-
weighted images, is correlated to corresponding values
at CT. Therefore, these results support the use of either
CT or MRI to quantify body composition parameters,
irrespective of the intrinsic physical differences between
them. Eventually, on one hand this will allow not to exclude
assessments in retrospective studies where either one is
present at a pre-determined time point, on the other,
in prospective studies, it will avoid patients undergoing
unnecessary additional exams, since either one can be
performed, according to clinical indication.

Furthermore, semi-automatic and automatic
quantification of body composition values at CT are
correlated, but a visual check of images is advisable,
especially when using automatic segmentation.
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