Nutrition 59 (2019) 5055

Contents lists available at ScienceDirect NUTRITION.
Nutrition
journal homepage: www.nutritionjrnl.com —
Applied nutritional investigation
Body composition evaluation with computed tomography: Contrast n

media and slice thickness cause methodological errors

Check for
updates

Fabian Morsbach M.D. **, Yi-Hua Zhang M.D. %, Lena Martin R.D., Ph.D. ", Catarina Lindqvist R.D. €,

Torkel Brismar M.D., Ph.D.*

2 Division of Radiology, Department of Clinical Science, Intervention and Technology, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden
® Institute of Bioscience and Nutrition, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden
€ Function Area Clinical Nutrition, Department of Medicine, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden

ARTICLE INFO

ABSTRACT

Article History:

Received 21 April 2018

Received in revised form 11 July 2018
Accepted 3 August 2018

Keywords:

Skeletal muscle index
Muscle

Fat

Segmentation
Computed tomography
Body composition

Objective: Although computed tomography (CT) is frequently used to determine body composition, the
effects of using different CT protocols is not well known. The aim of this study was to determine whether
contrast media phase, radiation dose, and slice thickness in CT affect body composition segmentation.
Methods: Clinically indicated perfusion CTs of the upper abdomen in 20 patients (seven women) between 40
and 87 y of age with high suspicion of hepatocellular carcinoma were analyzed retrospectively. Axial images
from the L3 level with varying imaging delay were reconstructed after contrast media injection (18 images
per patient), slice thickness (5 images, 2—10 mm), and radiation dose (4 images with one-third to four-thirds
of standard dose). Muscle and fat areas were segmented semiautomatically by drawing regions of interests
and using established cutoff thresholds. Skeletal muscle index (SMI), steatotic muscle area, and adipose tis-
sue index, as well as muscle attenuation and fat attenuation, were evaluated.
Results: Average SMI increased by up to 2.8% after contrast media injection. Steatotic muscle area decreased
by <13.8%, and adipose tissue index decreased by <6.5%. Muscle attenuation increased after contrast media
injection, whereas fat attenuation decreased (all P < 0.001). SMI decreased by 1.9% on average when increas-
ing slice thickness from 2 to 10 mm. Steatotic muscle area increased by <3.3%, and adipose tissue index
increased by <1.5% (all P < 0.05). Muscle attenuation did not change significantly with reconstruction thick-
ness. Radiation dose had no effect on estimated area of spinal muscle, fatty spinal muscle, or visceral fat.
Conclusions: Contrast media have a strong effect on the evaluation of body composition, whereas the influ-
ence of slice thickness is less pronounced. Radiation dose can be reduced by >66% without significantly
affecting segmentation.

© 2018 Elsevier Inc. All rights reserved.

Introduction

and bioimpedance [4]. These techniques, however, could not dis-
tinguish between muscle groups or between subcutaneous and

The first analyses of body composition were used for analyzing
muscle loss in astronauts or for evaluating dietary regimens in
obese patients [1]; however, during recent decades body analyses
have gained increasing interest when evaluating cancer cachexia
[2] and critically ill patients [3]. Initial methodology was based on
dual-energy x-ray absorptiometry (DXA), underwater weighing,
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intraabdominal fat. It was shown early that computed tomography
(CT) [5] could be used for such discrimination, but at the cost of
ionizing radiation. To avoid radiation and to enable whole-body
analyses in large population groups, techniques based on magnetic
resonance imaging (MRI) have been developed [6,7]. However, CT
is more likely to be readily available for hospitalized patients.

For research on clinical materials, CT is increasingly used to
determine body composition and, together with DXA and MRI, is
considered the standard of reference for body composition meas-
urements [8,9]. CTs for clinical purposes (i.e., when evaluating can-
cer treatment or suspected complications in critically ill patients)
[10,11], often are analyzed retrospectively to study body composi-
tion. Those scans most often include the abdomen [10,11], which
makes it easy to perform body composition analysis. Concerning
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cachexia in patients with cancer in particular, body segmentation
has been shown to be of value in evaluating progressive loss of
muscle mass [11,12]. Many researchers are studying muscle mass
in patients with liver cirrhosis and its association with mortality
[13—15]. Moreover, CT has been suggested as the preferred method
for analyzing muscle quality to determine sarcopenia, but stan-
dardized CT parameters have not been defined [11,16]. However,
CT segmentation has mainly been validated on unenhanced CT
scans and cadavers [5,17], and clinical CT scans may or may not be
performed with contrast enhancement [11]. Many studies do not
report the details of CT methodology, such as tube potential (kV),
slice thickness, or whether contrast media were used [12,14,18].
This might be due to lack of knowledge of the effect of different CT
acquisition parameters on body composition segmentation. Recent
radiologic recommendations to use lower tube potential to reduce
radiation and contrast media dose will complicate matters further
because the attenuation values of the tissue change with tube
potential [19].

The purpose of this study was to determine whether changes in
the CT’s contrast media phase parameters, radiation dose, and slice
thickness have an effect on body composition segmentation.

Material and methods
Patient population

This retrospective study analyzed clinically indicated perfusion CTs of the
upper abdomen in 20 patients (7 women) between 40 and 87 y of age with high
suspicion of hepatocellular carcinoma. Mean body mass index was 21.2 kg/cm?
(range 15.2—24.2 kg/cm?). Inclusion criteria were a perfusion CT with at least four
unenhanced series, no severe motion artifacts, and inclusion of the abdomen at
the level of the L3 vertebra [20].

This study was approved by the local ethics committee and written informed
consent was given.

Perfusion CT

At perfusion CT imaging, the inflow of contrast media is “filmed” by perform-
ing repeated low-dose scans. These scans are typically performed at intervals of
1.5 to 3 s. Perfusion imaging gives information on the arterialization of the tumor
and the surrounding tissue. In this study, all patients were examined with a sec-
ond-generation 128-slice dual-source CT system with stellar detectors (Somatom
Definition Flash, Siemens Healthcare, Forchheim, Germany). Images were acquired
with a 4-dimensional (4-D) dynamic spiral CT mode with variable pitch [21]. The
target volume was fixed at 14.8 cm in the z axis and defined on the topogram to
include the upper abdomen. Contrast medium application included 60 mL of
iodine-containing contrast medium (Iomeron, 400 mg iodine/mL; Bracco Diagnos-
tics Inc., Princeton, NJ, USA), which was injected through an 18-gauge needle into
an antecubital vein at a flow rate of 7 mL/s followed by 50 mL of saline solution at
the same flow rate. The resulting injection time was 8.5 s. Imaging was initiated
after an 8-s delay to allow acquisition of baseline unenhanced images. Twenty-
seven acquisitions were obtained using the dynamic spiral acquisition mode with
variable pitch during a total examination time of 54 s. This resulted in 27 separate
series that can be used for further evaluation. The images were acquired continu-
ously in consecutive craniocaudal/caudocranial directions by accelerating the table
to a pitch value of 0.75 and decelerating to a full stop with an acquisition time of
2 s for each direction (cycle time, 2 s). Each examination was performed with free
shallow breathing. Further imaging parameters were 80 kV tube voltage, 160 mAs
tube current-time product, 0.20-s gantry rotation time and 128 x 0.6-mm slice col-
limation. The radiation dose of each of the 27 series was approximately equal to
33% of a standard CT [22].

Image postprocessing

Images were reconstructed with a standard filtered back-projection with a
medium smooth tissue kernel (B20 f) [21]. For every time point, a single series was
reconstructed with a slice thickness of 1.5 mm and an increment of 1 mm, result-
ing in 27 series. This resulted in at least four unenhanced series, with subsequent
arterial and early portal venous phases. All images were transferred to a Syngo.via
Server (Syngo.via VB10 B, Siemens Healthcare, Forchheim, Germany) for further
postprocessing. All split series were loaded into the perfusion application. Motion
correction and 4-D noise reduction were applied [23].

Image reconstruction for analysis of contrast media influence

After analysis of the time-attenuation curve derived from the aorta, images
were arranged in four unenhanced series, 12 consecutive series after the enhance-
ment in aorta reached a threshold of 100 HU (acquisition of images ~20 s after
reaching the threshold are deemed “arterial phase”), and two early portal venous
phases defined as the last two series of the acquisition (Fig. 1). From each series, a
single image was reconstructed in the axial plane with a slice thickness of 5 mm at
the level of L3, resulting in 18 images for analysis with varying contrast media
influence obtained from each patient.

The four unenhanced series were used to create average intensity projections
combining up to four time points. This resulted in four reconstructed series with
increasing theoretical radiation dose from 1/3 to 4/3 of the regular dose [24]. From
each series, a single image was reconstructed in the axial plane with a slice thick-
ness of 5 mm at the level of L3 matching the same level on the z axis as in the
time-resolved reconstructions. Thus, four images with increasing theoretical radia-
tion dose were obtained from each patient for analysis.

Image reconstruction for analysis of slice thickness influence

Three time points from the unenhanced series were averaged, and images
with a slice thickness of 2, 3, 4, 5, and 10 mm were reconstructed. Similar to the
analysis of contrast media and radiation dose influence, axial images were selected
at the level of L3. Thus, five images with increasing slice thickness were obtained
from each patient.

In all, for the analysis of contrast media dose, radiation dose and slice thick-
ness, 27 images at the L3 level were obtained per patient resulting in 540 images
to analyze.

Image analysis

The images at L3 level were segmented using established thresholds: area of
muscle, —29 to 150 HU; hypoattenuating/steatotic muscle, —29 to 30 HU; fat —150
to —30 HU. The psoas and paraspinal muscles (erector spinae, quadratus lumbo-
rum), abdominal wall muscles (transversus abdominus, external and internal obli-
ques, rectus abdominus), visceral adipose tissues, and subcutaneous adipose
tissues were manually segmented using the freely available software Image]
(https://imagej.nih.gov/ij/download.html, Fig. 2) by a radiologist (with >5 y expe-
rience in body imaging). Total area in cm? and mean attenuation (HU) were
recorded for each segmented region. At the contrast media dose analysis, a region
of interest was also placed in the aorta to determine the point at which the thresh-
old of 100 HU was met.

For further analysis, the skeletal muscle mass area at L3 (in cm?) was normal-
ized for height (cm?/m?) to calculate SMI [18]. The area of steatotic muscle at L3
(cm?) was analyzed. The area of adipose tissue at L3 was normalized for height
(cm?/m?) to calculate adipose tissue index.

Statistical analysis

Normality was determined by the Kolmogorov—Smirnoff test. To detect differ-
ences between segmentation results, repeated measures analysis of variance was
used. Bonferroni adjustments for confidence intervals were applied. Post hoc test-
ing was performed with Student’s t test for paired samples.

Mean difference was calculated between different reconstruction series and is
presented in percent. Data were analyzed using commercially available software
(IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY, USA: IBM Corp and R
Foundation for Statistical Computing, Version 3.2.1, Vienna, Austria). A two-tailed
P < 0.05 was considered statistically significant.

Results
Influence of contrast enhancement

SMI, muscle attenuation, steatotic muscle area, adipose tissue
index, and fat attenuation all showed significant overall differences
related to contrast enhancement (all P < 0.001; Table 1). SMI
increased over time after contrast media injection, whereas stea-
totic muscle area and adipose tissue index decreased after contrast
application. The maximum mean increase of SMI was 2.8% between
the last acquired contrast-enhanced scan (equaling an early portal
venous phase) and unenhanced scan (P < 0.001). The correspond-
ing decrease of steatotic muscle area was —13.8% (P=0.003; Fig. 3)
and that of adipose tissue index was —6.5% (P < 0.001).
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Fig. 1. Flowchart depicting the different reconstructions produced from perfusion computed tomography. Image reconstruction for analysis of radiation dose influence.

Fig. 2. A segmented axial computed tomography image obtained at the level of the
third lumbar vertebra. Subcutaneous adipose tissue (red), visceral adipose tissue
(blue), skeletal muscle (green), and steatotic skeletal muscle (brown).

The overall quantified attenuation differed for muscle and fat
tissue with respect to contrast enhancement (P < 0.001, both). The
increase between the early portal venous scan and unenhanced
scans for mean spinal muscle density was from 30 to 36 HU
(P < 0.001; Fig. 4) and for visceral fat, from —-90 to —87 HU
(P < 0.001).

Influence of slice thickness reconstruction

There were significant overall differences for SMI (P=0.01),
steatotic muscle area (P=0.002), and adipose tissue index (P=0.02;
Table 2). The maximum mean difference was 1.9% (P=0.03) for
SMI, 3.3% for steatotic muscle area (P=0.02), and 1.5% for adipose
tissue index (95% confidence interval [CI], 0.3%-3.2%; P=0.02).
There were no significant differences in attenuation between the
five different reconstruction slice thicknesses for muscle tissue
(P=0.07, both), whereas the measured density of fat increased
from —91 HU at 2 mm to —86 HU at 10 mm (P < 0.001).

Influence of radiation dose

There were no significant overall differences for SMI, muscle
attenuation, steatotic muscle area, adipose tissue index, or fat
attenuation as a function of radiation dose (all P > 0.05; Table 3).

Discussion

When analyzing body composition from CT images, the use of
contrast media enhancement and the choice of slice thickness have
a significant effect on the segmentation results. It is therefore
important to keep them constant when evaluating longitudinal
changes in clinical cohorts and to be aware of their effect when
comparing results between different cohorts. The steatotic muscle
area measurements are particularly vulnerable to changes in con-
trast media phase, where the segmented area was 13.8% smaller on
average in the contrast-enhanced series than in the unenhanced
series. Also, measurements of fat showed major changes related to
contrast media phase, with underestimations of 6.5% during the
early portal venous phase. The SMI parameter was less vulnerable,
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Table 1

Influence of contrast enhancement on segmentation outcome
Enhancement in the aorta (HU)/Equivalent contrast phase 48/Unenhanced (95% CI) 480/Arterial (95% CI) 168/Early portalvenous (95% CI) P- value
SMI (cm/m?) 50.1 (45.1-54.9) 51.4 (46.5-56.2) 51.5 (46.7—-56.3) <0.001
Muscle attenuation (HU) 30 (26-35) 35(30-40) 36 (31-42) <0.001
Steatotic muscle area (cm?) 27.2(21.5-32.9) 24.3(18.7-30) 24.1(18.4-29.7) <0.001
Adipose tissue index (cm/m?) 147.9 (122.7-173) 138.3 (113.5-163) 138.4(113.3-163.5) <0.001
Fat attenuation (HU) —90 (96 to —85) —88 (—94 to —82) —87(—93to —81) <0.001

HU, Hounsfield unit; SMI, skeletal muscle index
Values presented as mean. Full table available in the addendum

with a more modest overestimation of nearly 3% after contrast
enhancement. All these changes can be attributed to the presence
of iodine from the contrast media in the tissue. lodine increases the
attenuation of the photons and thereby causes a misclassification
of the tissue, skewing it to tissues of higher density than in seg-
mented images obtained without the use of contrast media. Impor-
tantly, classification of muscle quality can be affected when
contrast media are applied. As shown in the present study, mean
muscle tissue attenuation can change significantly. This causes a
systematic misclassification when evaluating myosteatosis in
patients. The study patient group had an overall low muscle atten-
uation, averaging 30 HU without contrast media. This is most likely
due to the patient group consisting exclusively of patients with
liver disease, who are predisposed to myosteatosis [14]. Moreover,
the scans were obtained at a low tube potential (80 kV), which also
causes changes in attenuation. However, after contrast media
application, average attenuation increased to 36 HU. In regard to
current recommendations, this change could be relevant in the
classification of myosteatosis in patients [11]. The present results
confirmed initial findings that the use of contrast media causes a
methodological error that overestimates skeletal muscle mass area
and average muscle attenuation [25,26]. This highlights the need
for standardized CT protocols for body composition evaluation. In
comparison with van der Werf’s study, the present study showed
the influence of contrast media on steatotic muscle area, as well as
on fat [25]. The lack of difference in estimated areas and mean
attenuation between the four time points obtained before contrast
media also shows that possible fluid redistribution does not affect
measurements during the scanning period.

Slice thickness also had an effect on segmentation. It was most pro-
nounced when evaluating steatotic muscle area, where increasing
attenuation values and decreasing area were obtained when slice thick-
ness was increased. This is because the averaging of pixels from adja-
cent slices resulted in low values being averaged out by denser areas
(e.g., due to small volumes of fat being merged with small volumes of
muscle), which increased the average density to above the cutoff level.

Unlike contrast media and slice thickness, radiation dose did
not influence the quantified area of SMI, steatotic muscle area, adi-
pose tissue index, or muscle attenuation. This is an important find-
ing as it indicates that radiation dose can be reduced significantly
when the sole purpose of the CT is to evaluate body composition.

To avoid misinterpretation of steatotic muscle/myosteatosis and
fat in prospective clinical trials, unenhanced series should be mea-
sured. Performing further series for research or for clinical evaluation
of nutritional status will expose patients to additional radiation. How-
ever, this study shows that the radiation dose of such scans can be
reduced to at least one-third of the standard dose without affecting
the segmentation. If the scan length is limited to 2 to 3 cm the result-
ing radiation dose will be ~1/30th of an abdominal scan, or
~0.2 mSv, which is equivalent to that of a chest radiograph [22].

The present study had certain limitations, the major limitation
being that we used only 60 mL of contrast media, a dose that was fixed
for all patients undergoing perfusion CT. Mostly, contrast media are
adjusted to body weight [27], resulting in contrast media doses of
<200 mL. The underestimations of SMI and adipose tissue index after
just 60 mL of contrast media in the present study would most probably
have been even greater if standard clinical doses of contrast media had
been used. Another limitation was that only series from the early portal
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Fig. 3. Line plot of the mean steatotic muscle area measured with different contrast media enhancement time points (whiskers represent 95% confidence intervals).
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Fig. 4. Line plot of the mean muscle attenuation measured with different contrast media enhancement time points (whiskers represent 95% confidence intervals).

Table 2

Influence of slice thickness on segmentation outcome
Slice thickness (mm) 2 (95% CI) 3(95% CI) 4 (95% CI) 5(95% CI) 10 (95% CI) P-value
SMI (cm?/m?) 50.5 (45.6—-55.4) 50.5 (45.6—55.3) 50.3 (45.4-55.2) 50.1 (45.1-54.9) 49.5 (44.6-54.5) 0.01
Muscle attenuation (HU) 31(26-35) 30(26-35) 30(25-5) 30(25-35) 30(25-34) 0.07
Steatotic muscle area (cm?) 27.2(21.5-32.9) 27.3(21.5-33) 27.3(21.5-33.1) 27.4(21.6-33.2) 28.1(22.1-34.1) 0.002

Adipose tissue index (cm?/m?)
Fat Attenuation (HU)

147.2 (122.1-172.4)
—91(—96 to —85)

147.6(122.3-172.9)
90 (—96 to —85)

147.8 (122.7-173)
~90(-95to —84)

1472 (122.2-172.3)
—91(—97 to —85)

149 (1234-1747)  0.02
—86(—91to —81) <0.001

HU, Hounsfield unit; SMI, skeletal muscle index
Values are presented as mean.

Every second column omitted for illustration purposes. Full table available in the addendum.

venous phase were available. This was due to tight constraints in the
duration of our perfusion CT method designed to limit the already high
radiation dose associated with perfusion CT. However, fast injection
times in perfusion CT result in earlier portal venous phases [28]. Third,
the weight range of the patients was limited, with no severely obese
patients. This was because the majority of the patients had liver cirrho-
sis, which affected their nutritional status. It is probable that the rela-
tive influence of contrast media on patients with very large amounts of
visceral fat would have been less pronounced, but otherwise the find-
ings should be applicable to very obese patients as well. Another limita-
tion was that radiation dose was calculated from summation of several
single time-point perfusion scans, which could differ slightly from

separate single abdominal scans due to small differences in scanner
parameters. However, such eventual differences should not affect the
relative changes in contrast enhancement of the tissues.

Conclusion

Segmentation of body composition varies significantly for CT
examinations when contrast media are applied. It varies also to a
lesser degree with slice thickness. The radiation dose can be
reduced by 66% without affecting segmentation significantly, indi-
cating that low-dose scans could be used in prospective studies on

Table 3

Influence of radiation dose on segmentation outcome
Radiation dose 1/3 Dose 2/3 Dose 3/3 Dose 4/3 Dose P-value
SMI (cm?/m?) 50.1 (45-55) 50 (49.9-55) 50.1 (45.1-54.9) 50.1 (45.1-54.9) 0.31
Muscle attenuation (HU) 30 (26-35) 30 (25-35) 30 (25-35) 30 (25-35) 0.10
Steatotic muscle area (cm?) 27.6 (21.7-33.5) 27.4(21.6-33.2) 27.4(21.5-33.3) 27.6 (21.6-33.7) 0.10
Adipose tissue index (cm?/m?) 147.6 (122.4-172.8) 147.2 (122.2-172.3) 147.2 (122.2-172.3) 147.6 (122.1-172.4) 0.09
Fat attenuation (HU) —90 (—96 to —83) —90 (—96 to —85) —91(-97 to —85) —90 (—96 to —85) 043

HU, Hounsfield unit; SMI, skeletal muscle index
Values are presented as mean.

Every second column omitted for illustration purposes. Full table available in the addendum.
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body composition. Results from the present study highlighted the
importance of using a standardized methodology when comparing
body composition analysis in different populations.

Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.nut.2018.08.001.
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