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Abstract

Background: Computed tomography (CT) scans are being utilized to examine the influence of 

skeletal muscle and visceral adipose quantity and quality on health-related outcomes in clinical 

populations. However, little is known about the influence of contrast administration on these 

parameters.

Methods: Pre-contrast, arterial, and 3 minute post contrast CT images of 45 clear cell renal cell 

carcinoma patients were downloaded from The Cancer Imaging Archive and retrospectively 

analyzed for visceral adipose cross-sectional area (CSA) and density, and muscle CSA and density 

at the 3rd lumbar vertebrae. Low muscle CSA index was defined as ≤38.9 cm2/m2 for women and 

≤55.4 cm2/m2 for men. Low muscle density was defined as <41 Hounsfield units (HU) for body 

mass index (BMI) <24.9 kg/m2 and <33 HU for BMI ≥25.0 kg/m2.

Results: In both the arterial and 3 minute phases, contrast administration decreased visceral 

adipose CSA (−20.9 and −20.9 cm2, p<0.001) and increased visceral adipose density (4.8 and 5.8 

HU, p<0.001), relative to pre-contrast images. Muscle CSA index marginally increased in the 

arterial (0.6 cm2/m2, p=0.007) and 3 minute phase (0.8 cm2/m2, p<0.001). This likely represents 

clinically insignificant changes, as it does not alter the identification of low muscle CSA (44.4% 

vs 42.2%, p=1.00). Skeletal muscle density increased in the arterial (6.4 HU, p<0.001) and 3 

minute phases (8.7 HU, p<0.001), which altered the identification of low muscle density (6.7% vs. 

31.1%, p<0.001).

Conclusions: Future analyses should consider the phase of contrast during CT imaging, as it 

may alter the interpretations of several parameters.
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Introduction

Quantifying body composition in clinical populations is of increasing importance, as 

emerging literature is demonstrating that lower than normal skeletal muscle quantity and 

quality (fat infiltration), and visceral obesity are associated with several deleterious 

outcomes, including increased rates of morbidity1,2 and mortality.3-7 However, accurately 

quantifying body composition in clinical settings is challenging, as many methodologies 

commonly utilized in research settings are inaccurate or impractical (high cost, limited 

accessibility) in these populations. Axial computed tomography (CT) scans, when 

performed as part of standard care, provide an opportunity to accurately and reliably 

quantify skeletal muscle and adipose tissues.8 The cross-sectional area (CSA) of skeletal 

muscle and adipose tissues from a single transverse image of the 3rd lumbar vertebra has 

strong associations with whole body muscle and adipose tissue mass,9,10 which has led to 

this landmark being consistently utilized for body composition analysis in a variety of 

clinical populations.

However, these scans are not performed specifically for body composition purposes, and 

therefore several CT-dependent settings vary between patients, which may influence the 

analysis and interpretation of body composition results.11 Recently, van Vugt et al. (2017) 

and Rollins et al. (2017), demonstrated that administration of a contrast medium, which is 

often utilized in abdominal CT scans and cancer staging, did not change skeletal muscle 

CSA, however, it significantly increased mean skeletal muscle attenuation (muscle quality) 

in the arterial and portal-venous phase compared to the pre-contrast phase; which challenged 

the capacity to identify poor muscle quality. Rollins et al. (2017) also investigated the effects 

of contrast on total fat mass, observing significant decreases in the arterial and portal-venous 

phase compared to the pre-contrast phase. However, only a single investigation has 

examined the influence of contrast medium on visceral adipose separately from total fat 

mass. Vehman et al. (1996) observed that contrast administration (phase of contrast not 

stated) decreased visceral adipose tissue CSA, however this was performed in only 7 patients 

using a manually selected region of interest around the visceral cavity.

The purpose of this investigation was to evaluate changes in the visceral adipose and skeletal 

muscle depots before and after administration of a contrast medium. Specifically, we aimed 

to: 1) determine if contrast administration alters the analysis of visceral adipose tissue CSA 

and density, and 2) confirm the observations of contrast administration on skeletal muscle 

CSA and density.
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Methods

Patient Cohort

CT images from 45 clear cell renal cell carcinoma patients from The Cancer Imaging 

Archive (TCIA) KIRC-BP group were included in this retrospective analysis.15 The data 

published here are in whole based upon data generated by The Cancer Genome Atlas 

(TCGA) Research Network: http://cancergenome.nih.gov/ and TCIA.16 CT images of 

patients who had repeated contrast-enhanced CT scans performed (pre-contrast, arterial, and 

3 minute phases or pre-contrast and 3 minute phases) were downloaded from TCIA website 

and analyzed for body composition across all phases (see Table S1 for list of patient ID’s). 

CT scans were acquired using 120 kVp across all phases of contrast; changes in tube voltage 

(i.e. 100 vs. 120 kVp) has been shown influence measures of body composition.17 Phase of 

contrast was obtained from radiologist notes embedded within the image, but scans were 

confirmed visually to denote if contrast was or was not present (Figure S1). All data 

collected in TCGA has been collected and utilized under strict human subject protection 

guidelines, and institutional review board approval.

Body Composition Analysis of CT Images

Single axial cross-sectional scans of the 3rd lumbar vertebrae were analyzed for skeletal 

muscle and visceral adipose tissue using SliceOmatic (version 5.0) image analysis software 

(TomoVision, Montreal, Canada). This software applies specific Hounsfield unit (HU) 

thresholds to precisely quantify skeletal muscle (−29 to 150 HU) and visceral adipose tissue 

(−150 to −50) pixels. CSA is calculated by summing the pixels of tissues identified as 

skeletal muscle or visceral adipose tissue and multiplying by the pixel surface area. Muscle 

CSA measures normalized to a patients height squared (muscle CSA (cm2)/height2 (m2)), 

known as muscle CSA index, were utilized for identification of low muscularity.18 Muscle 

and visceral adipose tissue density was calculated as the mean radiological tissue 

attenuation, measured in HU, for pixels identified as skeletal muscle and visceral adipose 

tissue. Lower mean attenuation indicates less dense tissues; which for skeletal muscle, 

specifies increased lipid content within the myocytes,19 and for visceral adipose tissue, 

indicates increased adipocyte size and lipid stores.20 Patients were identified as having low 

muscle CSA index using sex specific cut-points of ≤38.9 cm2/m2 for women and ≤55.4 

cm2/m2 for men,18 and low muscle density using body mass index (BMI) specific cut-points 

of <41 HU for BMI <24.9 kg/m2 and <33 HU for BMI≥25.0 kg/m2.21

Initially, pre-contrast scans were landmarked and analyzed as described above, however 

subsequent landmarking and analysis of the arterial and 3 minute phase scans were 

performed with reference to the pre-contrast scans (visually ensuring identical bony 

landmark and tissue analysis), to reduce variation in analysis, allowing a more precise 

quantification of the effects of contrast administration (Figure S2).

To isolate the effects of the contrast medium on visceral adipose tissue, we performed a spot 

analysis and selected 3 separate locations, within the same image, that were visually distinct 

from lean tissues within the visceral cavity (Figure S3). This approach was taken to avoid 

the influence of the surrounding lean tissues (i.e. intestines), which have been previously 
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shown to be altered by contrast administration and may confound the adipose analysis.14 

The largest analysis aperture, found under the region growing function in SliceOmatic, was 

used in patients with larger visceral adipose tissue CSA (to ensure visceral adipose tissue is 

distinct from surrounding organs), defined as ≥130 cm2.22 Thirty four patients (visceral 

adipose CSA ≥130 cm2) were included in the spot analysis, with a mean CSA, standard 

deviation (SD), and range of 271.1 cm2, 73.1 cm2, and 139.0 – 433.0 cm2, respectively. Spot 

analysis was performed on the pre-contrast and 3 minute phase CT scans.

Statistical Analysis

Normality of continuous variables was assessed using quantile-quantile plots; normality was 

not violated and descriptive statistics are presented as mean ±SD or mean [95% confidence 

interval (CI)]. Differences in descriptive variables between those patients with and without 

arterial phase scans was analyzed using an independent t-test. The differences and 

agreement between pre-contrast and 3 minute phase scans for identification of low muscle 

CSA index and low muscle density were analyzed using McNemar’s test and Cohen’s 

kappa, respectively.

The effects of contrast on skeletal muscle and visceral adipose tissue depots across pre-

contrast, arterial, and 3 minute phase scans was analyzed using repeated measures linear 

mixed model analysis. A one-way repeated measures ANOVA was not utilized due to 23 

patients not having the arterial phase scan. Linear mixed model analysis was performed for 

muscle CSA index, muscle density, visceral adipose CSA, and visceral adipose density, with 

the phase of contrast (pre-contrast, arterial, and 3 minute phase) as a fixed variable and a 

covariance matrix of compound symmetry. Post hoc pairwise comparison for main effects of 

contrast was analyzed using Bonferroni’s test.

Bland-Altman plot analysis was performed comparing muscle CSA index, muscle density, 

visceral adipose CSA, and visceral adipose density across all contrast phases, limits of 

agreement (95% CI for difference between phases) were calculated and utilized for 

interpretation. To ensure the validity of the limits of agreement, two diagnostic checks were 

examined: 1) a correlation analysis was performed for the differences against averages to 

assess for proportional bias, and 2) homoscedasticity of the differences was assessed 

visually by examining the spread of the residuals of the regression analysis against the 

averages.24

A Pearson correlation analysis was performed between the change in muscle/visceral 

adipose density (3 minutes – pre-contrast) and muscle/visceral adipose CSA (average 

between 3 minute and pre-contrast), to examine if the size of a tissue depot influenced the 

magnitude of change in density following contrast administration. Correlation coefficients 

were interpreted as weak (0.30-0.50), moderate (0.50-0.70 and strong (0.70-1.00).25 All 

analysis was performed using SPSS (IBM, Chicago, IL, USA, version 24.0) and the level of 

significance was set at p≤0.05.
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Results

Patient cohort

The analytic cohort consisted of 45 clear cell renal cell carcinoma patients, 82% of whom 

were male. Patients had an average BMI of 30.2 ±4.8, with wide distributions across the 

normal, overweight and obese categories (Table 1). No differences in age (p=0.868), weight 

(p=0.444), height (0.142), or BMI (p=0.949) were observed between those patients with 

(n=22) arterial phase CT scans available compared to those without (n=23) (data not shown).

Visceral Adipose Analysis

Mean visceral adipose CSA significantly decreased in the arterial (208.5 ±97.1 cm2, 

p<0.001) and 3 minute phases (208.6 ±96.4 cm2, p<0.001) compared with the pre-contrast 

phase (229.5 ±96.4 cm2), and there were no differences observed between the arterial and 3 

minute phases (Figure 1). Mean visceral adipose density significantly increased from the 

pre-contrast phase (−96.4 ±5.1 HU) to the arterial (−91.6 ±5.3 HU, p<0.001) and 3 minute 

phases (−90.6 ±5.1 HU, p<0.001) (Figure 1). Mean visceral adipose density further 

increased from the arterial to 3 minute phase (−91.6 ±5.3 vs −90.6 ±5.1 HU, p=0.021). The 

changes in visceral adipose CSA and density from the pre-contrast phase to the arterial and 3 

minute phases, represent 9.1 % and 5.0 – 6.0 %, respectively (Table 2).

No correlation was observed (r=0.17, p=0.277) between changes in visceral adipose density 

and visceral adipose CSA (Figure 2), indicating that the increased visceral adipose density is 

not associated with the size of the depot. Visceral adipose spot analysis, comparing the pre-

contrast and 3 minute phase, demonstrated no changes in CSA (6.4 ±1.1 cm2 vs 6.6 ±1.2 

cm2, p=0.329), despite increased in visceral adipose density (−103.8 ±4.0 HU vs −96.8 ±4.5 

HU, p<0.001) (Table S2). Bland-Altman plot analysis demonstrated no proportional bias or 

heteroscedasticity for visceral adipose CSA and visceral adipose density across all contrast 

phase comparisons, with the exception of CSA for the arterial – pre-contrast phases, where 

proportional bias was present (Figure S4).

Skeletal Muscle Analysis

Following contrast administration, mean muscle CSA index marginally increased in the 

arterial (54.9 ±9.6 cm2/m2, p=0.007) and 3 minute phase (55.0 ±9.6 cm2/m2, p<0.001), 

compared to the pre-contrast phase (54.3 ±9.6 cm2/m2), with no differences observed 

between the arterial and 3 minute phase (Figure 3). Importantly, these data represent <2% 

change in pre-contrast muscle CSA index (Table 3), which is likely to be clinically 

insignificant. Furthermore, there was no difference (44.4 % vs 42.2 %) and strong agreement 

(κ=0.956, p<0.001) for the identification of low muscle CSA index between the pre-contrast 

and 3 minute phases (Table 4).

Compared to the pre-contrast phase (37.2 ±7.5 HU), mean skeletal muscle density 

significantly increased in the arterial (43.5 ±7.7 HU, p<0.001) and 3 minute phases (45.9 

±7.5 HU, p<0.001) (Figure 3). Unlike skeletal muscle CSA index, mean skeletal muscle 

density further increased in the 3 minute phase compared to the arterial phase (43.5 ±7.7 vs. 

45.9 ±7.5 HU, p<0.001) (Figure 3). These alterations in muscle density likely represent a 
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clinically significant change, as they represent 17.2 % and 23.5 % increases compared to 

pre-contrast values for the arterial and 3 minute phases, respectively (Table 3). The changes 

in muscle density from the pre-contrast to 3 minute phase resulted in significant differences 

in the identification of low muscle density (31.1 % vs 6.7 %, p<0.001), resulting in poor 

agreement between these phases (κ=0.256, p=0.008) (Table 4).

Correlation analysis of the change in muscle density from the 3 minute to pre-contrast phase 

and muscle CSA demonstrated a strong inverse (r=0.73, p<0.001) association (Figure 2); 

indicating that those individuals on the lower end of muscle CSA have larger increases in 

muscle attenuation following contrast administration. Bland-Altman plot analysis 

demonstrated no proportional bias or heteroscedasticity for muscle CSA index and muscle 

density across all contrast phase comparisons (Figure S5).

Discussion

In the present study, among clear cell renal cell carcinoma patients, we demonstrated that 

administration of a contrast medium alters CT-based measures of body composition by: 1) 

increasing visceral adipose attenuation and decreasing visceral adipose CSA, and 2) 

increasing skeletal muscle attenuation, without changing muscle CSA index. The artificial 

increase in skeletal muscle attenuation altered the identification of individuals with low 

skeletal muscle density, which may be more pronounced in those individuals with lower 

CSA; however, the identification of individuals with low skeletal muscle CSA index was not 

changed.

CT image analysis for body composition assessments provides a means to accurately and 

reliability quantify skeletal muscle and specific adipose tissue depots (i.e. visceral) in 

diverse clinical populations.26-28 These assessments may provide clinicians and researchers 

the opportunities to determine if the quantity or quality of body composition measures aid in 

determining cancer risk and prognosis3,6,7 or differentially modulate the response to a 

targeted intervention (i.e. increased protein intake in critically ill patients with low muscle 

CSA). In order to investigate these relationships using CT scans, a standardized approach is 

needed to ensure results are comparable across different studies; and determining if 

particular variables, such as administration of a contrast medium, alters our interpretation of 

the results is crucial.

Contrast medium has significant implications on visceral adiposity measures using CT 
analysis

In agreement with Vehman et al. (1996), this study demonstrated that visceral adipose CSA 

is decreased and visceral adipose attenuation is increased following contrast administration. 

These alterations in visceral adipose pose as a potential confounding factor if post-contrast 

scans are used for interpretation, as changes in visceral adipose tissue are associated with 

increased risk of cardiometabolic disease29,30 and earlier mortality in cachectic patients.3 

For example, Di Sebastiano et al. (2013) observed in pancreatic cancer patients that the 

mean visceral adipose CSA loss from time of diagnosis to time of death was 52.8 ±55.0 

cm2, which the mean change (−20.9 ±18.1 cm2) and Bland-Altman limits of agreement 
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(±30.4 cm2) for the 3 minute – pre-contrast phase, would have substantial impact on the 

observed changes if the phase of contrast was not accounted for across longitudinal scans.

The quality of visceral adipose is also emerging as an important factor to consider in the risk 

of cardiometabolic disease.30,31 Several studies have observed that decreased visceral 

adipose attenuation, indicative of adipocyte hypertrophy and increased lipid stores, is 

associated with hypertension, insulin resistance, and metabolic syndrome in adults.2,32,33 If 

these findings were to be applied to clinical populations, in which the only available scans 

were post-contrast, the effects of the contrast medium would need to be taken into account, 

as here we observed artificial increases in visceral adipose density, which may falsely 

present as less lipid storage within the adipocytes.

Definitively determining the influence contrast medium on visceral adipose is challenging, 

as time-dependent movement of organs (i.e. intestines) within the viscera may also influence 

these measures (Figure S2). However, examination of the Bland-Altman plots of the 3 

minute – pre-contrast and the 3 minute – arterial phase for visceral adipose CSA, provides 

two pieces of evidence that these changes are predominately due to contrast and not time. 

First, the 3 minute – pre-contrast Bland-Altman plot demonstrates that 91% of the patients 

present with a decreased visceral adipose CSA following contrast administration, resulting 

in a systematic difference in the mean CSA. One would expect that random movement of 

lean tissues within the viscera would lead to changes on an individual level, but not a 

systematic difference. Second, by examining the 3 minute – arterial phase, we observe 

exactly what we would expect, individual changes in CSA (limits of agreement = ± 18.0 

cm2), but no systematic bias being present (mean difference = 0.7 cm2). These data suggest 

that although random time-dependent changes in the lean tissues within the viscera will 

effect visceral adipose CSA at the individual level, the administered contrast medium 

resulted in a substantial, systematic reduction in visceral adipose CSA.

After observing the 20.9 cm2 reduction in visceral adipose CSA post contrast administration, 

we initially hypothesized that this was due to visceral adipose pixels surrounding the lean 

tissues (i.e. intestines) increasing in attenuation above the upper HU threshold for visceral 

adipose (−50 HU). By performing the spot analysis (Figure S3), we observed that increases 

in attenuation also occurred in areas distinct from lean tissues, which may have occurred 

from the contrast medium entering adipose tissue depots or from contrast medium entering 

the microvasculature of the visceral adipose. However, no difference was observed in the 

CSA for the spot analysis between the pre-contrast and 3 minute phase, which may indicate 

that the loss in CSA is from the pixels surrounding the lean tissues, however, this is purely 

speculative.

Contrast enhanced CT images may confound assessment of skeletal muscle density

Our findings are in agreement with van Vugt et al. (2017) who found that contrast leads to a 

marginal, but statistically significant, increase in skeletal muscle CSA. However, these 

increases can be considered clinically insignificant because they don’t alter the identification 

of patients with low muscle CSA, in agreement with both van Vugt et al. (2017) and Rollins 

et al. (2017). In addition, the percent increase, compared with pre-contrast, is less than the 

intra-rater reliability coefficient of variation (<2%) generally observed in clinical 
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populations.4,26 Therefore, if muscle CSA is the main outcome, it appears that post contrast 

phases, at least up to 3 minutes, can be utilized for accurate and valid quantification; despite 

these findings, further validation is certainly warranted.

In agreement with van Vugt et al. (2017) and Rollins et al. (2017), the present study 

demonstrated that skeletal muscle density is significantly increased following contrast 

administration, leading to poor identification of low muscle density. Interestingly, we 

observed that the change in muscle attenuation between the 3 minute and pre-contrast scans 

was inversely associated with muscle CSA, which may generate additional challenges in 

identifying low muscle density amongst individuals with low muscle CSA when a contrast 

medium has been administered. Taken together, these factors may preclude the use post-

contrast phase scans for assessment of muscle density because the change in density is 

highly variable between patients, and would be difficult to accurately correct for this factor.

Limitations and conclusions

The most significant limitation of this retrospective analysis is that the type and dose of 

contrast may not have been standardized across all patients, however tube voltage (120 

kVp), which has been shown to alter muscle density,17 was consistent across all scans. 

While the precise influence of different contrast agents and protocols is unknown, our results 

are in agreement with both van Vugt et al. (2017) and Rollins et al. (2017), which applied a 

highly standardised contrast administration approach. Moreover, due to our small, 

homogeneous sample size, which consisted of predominately male patients (82%), our 

results may have limited generalizability to other patient cohorts, which warrants further 

work, particularly if any sex differences are exist.

In conclusion, we demonstrated that skeletal muscle CSA increases post contrast 

administration, but to a clinically insignificant degree. However, skeletal muscle density, 

visceral adipose CSA, and visceral adipose density are significantly changed following 

contrast administration in both the arterial and 3 minute phase. This change in skeletal 

muscle density has significant impact on the identification of individuals with low density, 

particularly in those individuals with lower muscle CSA. Future analyses should consider if 

a contrast medium has been administered when interpreting CT based body composition 

analysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMI Body mass index

CI Confidence interval

CSA Cross-sectional area

CT Computed tomography

HU Hounsfield unit

SD Standard deviation

SEM Standard error of the mean

TCGA The Cancer Genome Atlas

TCIA The Cancer Imaging Archive
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Clinical Relevancy Statement

Computed tomography based measures of body composition are increasingly being 

utilized to examine nutritional status, identify patients at risk for complications, and 

improve prognosis and outcomes for several clinical populations. However, because these 

scans are often taken as part of routine clinical practice, several factors, such as the use of 

a contrast medium, are not standardized across all patients. Here, we demonstrate that 

administration of a contrast medium alters the analysis of visceral adipose cross-sectional 

area and visceral adipose and skeletal muscle attenuation. Future research should take 

into consideration the phase of contrast when performing computed tomography based 

analysis of body composition.
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Figure 1. 
Visceral adipose A) CSA and B) density across pre-contrast, arterial, and 3 minute phase of 

contrast. Values are mean ±SEM. *Significantly different from pre-contrast. ǂSignificantly 

different from arterial phase. CSA, cross-sectional area; HU, Hounsfield unit; SEM, standard 

error of the mean.
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Figure 2. 
Correlation analysis between A) change in muscle density and muscle CSA and B) change 

in visceral adipose density and visceral adipose CSA from the 3 minute to pre-contrast 

phase. CSA, cross-sectional area; HU, Hounsfield unit.
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Figure 3. 
Skeletal muscle A) CSA index and B) density across pre-contrast, arterial, and 3 minute 

phase of contrast. Values are mean ±SEM. *Significantly different from pre-contrast. 

ǂSignificantly different from arterial phase. CSA, cross-sectional area; HU, Hounsfield unit; 

SEM, standard error of the mean.
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Table 1.

Characteristics of patient cohort

Variable
Mean ±SD

All
(n=45)

Age, years 58.6 ±12.7

Weight, kg 92.1 ±17.6

Height, m 1.75 ±0.09

Sex, % male 82.2

BMI, kg/m2 30.2 ±4.8

Underweight
<18.5 kg/m2 0

Normal
18.5 – 24.9 kg/m2 9

Overweight
25.0 – 29.9 kg/m2 11

Obese
≥30.0 kg/m2 25

BMI, body mass index; SD, standard deviation
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Table 2.

Visceral adipose changes across all phases of contrast

Variable
[95% CI]

Visceral adipose CSA Visceral adipose density

Mean
difference,

cm2

% change
from pre-
contrast

p-value
Mean

difference,
HU

% change from
pre-contrast p-value

Arterial phase – pre-contrast −20.9 [−27.6 – − 14.3] 9.1 % <0.001 4.8 [4.0 – 5.6] 5.0 % <0.001

3 minute phase – pre-contrast −20.9 [−25.8 – −15.9] 9.1 % <0.001 5.8 [5.1 – 6.4] 6.0 % <0.001

3 minute phase – arterial phase 0.1 [−6.6 – 6.7] - 1.000 0.9 [0.1 – 1.8] - 0.021

CI, confidence interval; CSA, cross-sectional area; HU, Hounsfield unit.
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Table 3.

Skeletal muscle changes across all phases of contrast

Variable
[95% CI]

Muscle CSA index Muscle density

Mean
difference,

cm2/m2

% change from
pre-contrast p-value

Mean
difference,

HU

% change from
pre-contrast p-value

Arterial phase – pre-contrast 0.6 [0.1 – 1.1] 1.2 % 0.007 6.4 [5.2 – 7.5] 17.2 % <0.001

3 minute phase – pre-contrast 0.8 [0.4 – 1.2] 1.4 % <0.001 8.7 [7.9 – 9.6] 23.4 % <0.001

3 minute phase – arterial phase 0.1 [−0.4 – 0.6] - 1.000 2.4 [1.2 – 3.5] - <0.001

CI, confidence interval; CSA, cross-sectional area; HU, Hounsfield unit.
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Table 4.

Identification of low muscle CSA index and density between pre-contrast and 3 minute phase

Pre-contrast 3 minute
phase p-value

Muscle CSA index

 Identified as low, n/N 20/45 19/45 1.000

Kappa Agreement 0.956 <0.001

Muscle density

 Identified as low, n/N 14/45 3/45 0.001

Kappa Agreement 0.273 0.008

Low muscle CSA index: ≤38.9 cm2/m2 for women and ≤55.4 cm2/m2 for men.18 Low muscle density: <41 HU for BMI <24.9 kg/m2 and <33 

HU for BM I≥25.0 kg/m2.21 BMI, body mass index; CSA, cross-sectional area; HU, Hounsfield unit.
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