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Background: Adipose tissue is a valuable biomarker. Although validation and correlation to clinical data 
have mostly been performed on non-enhanced scans (NES), a previous study has shown conversion of values 
of contrast enhanced scan (CES) into those of NES to be feasible with segmentation of the entire abdomen 
(3D-segmentation). In this study we analyzed if density and area of abdominal adipose tissue segmented in a 
single slice (2D-segmentation) of CES may be converted into that of NES. Furthermore, we compared the 
precision of conversion between 2D- and 3D-segmentation.
Methods: Thirty-one multi-phasic abdominal CT examinations at identical scan settings were 
retrospectively included. Exams included NES (n=31), arterial (ART) (n=23), portal-venous (PVN) (n=10), 
and/or venous scan (VEN) (n=31). Density and area of visceral (VAT) and subcutaneous adipose tissue (SAT) 
were quantified semi-automatically with fixed thresholds. For conversion of values from CES into those of 
NES regression analyses were performed and tested. 2D- and 3D-segmentation were compared with respect 
to conversion accuracy (normalized deviations of converted NES values from original measurements).
Results: After the application of contrast medium 2D-segmented adipose tissue increased in density (max. 
+5.6±2.4 HU) and decreased in area (max. –10.91%) (10.47%), with few exceptions (P<0.05). This was more 
pronounced in later scans (VEN ≈ PVN > ART) and more marked in VAT than SAT. Density and area in 
CES correlated very well with NES, allowing for conversion with only small error. While converted density 
is slightly more precise applying 3D-segmentation, conversion error of quantity was occasionally smaller 
with 2D-segmentation.
Conclusions: Contrast medium changes density and quantity of segmented adipose tissue in differing 
degrees between compartments, contrast phases and 2D- and 3D-segmentation. However, changes are fairly 
constant for a given compartment, contrast phase and mode of segmentation. Therefore, conversion of 
values into those of NES may be achieved with comparable precision for 2D- and 3D-segmentation.
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Introduction

Quantity and density of adipose tissue determined by CT 
may serve as valuable biomarkers in a variety of settings, e.g., 
for the assessment of frailty, metabolic characterization, 
stratification of cardiovascular risk or assessment of risk 
prior to major surgery or chemotherapy (1-7). Body 
composition analysis with CT has been performed since 
the early 1980s and in many instances now replaces 
previous methods such as nuclear medicine, morphometric 
techniques or bioelectrical impedance analysis for the 
purpose of fat quantification for its advantages in precision, 
accessibility or simply because of the availability of CT 
scans in patients with serious illnesses (8-13). Kvist et al. 
introduced thresholds for semi-automatic segmentation of 
adipose tissue derived from a series of CT slices over the 
entire human body that are still frequently used today (14).

Abdominal adipose tissue can either be segmented in 
its entirety or more rapidly and more commonly done in a 
single slice. Some studies have determined the relationship 
between volumetric and planimetric measurements to 
each other, to morphometric measurements and to cardio-
metabolic risk factors e.g., of the Framingham Heart Study 
offspring cohort to determine the most representative single 
slice for 2D-measurements (11,15). Despite some studies 
having analyzed the effect of iodinated contrast medium 
(ICM) on the results of the segmentation of adipose tissue 
(16-19), most of the work in validating and correlating these 
results has been performed on non-enhanced scans (NES) 
(1,9,10,14,15).

Recent ly,  we  demonstra ted  the  convers ion  of 
volumetrically derived density and quantity of adipose tissue 
segmented in contrast-enhanced scans (CES) for three 
commonly acquired contrast phases into values obtained 
from NES to be feasible with only small error (20). Such 
conversion can be performed by entering the obtained results 
of segmentation of CES into simple conversion formulae. 
Despite being more time-consuming than segmenting a 
single CT slice, this is important as it potentially enables the 
comparison of data derived from patients scanned with ICM 

and/or scanned in a different contrast phase or NES to one 
another. However, for clinical correlation 2D-segmetnation 
is still most frequently employed.

The aim of our study was to analyze the influence of 
contrast medium and contrast phase on the density and 
quantity of adipose tissue in the visceral and subcutaneous 
abdominal compartments through three commonly acquired 
contrast-phases in a single segmented CT slice and to 
determine whether or not those values obtained from CES 
may also be converted into those of NES. Furthermore, we 
wanted to compare the precision of conversion of the values 
obtained from segmentation of a single slice (2D) to that of 
the entire abdomen (3D).

Methods

Study design

The study population and design have previously been 
described (20). Briefly, consecutive CT-studies of the 
abdomen of 31 patients with an NES and at least one 
CES, scanned with the same CT-scanner at identical scan 
parameters, were retrospectively included. No enteral 
contrast medium was applied. The inclusion criteria were 
constant scan parameters within each examination, identical 
reconstruction of images and identical application and 
amount of ICM. No further selection took place. In sum, 95 
scans were taken into account: 31 NES, 23 arterial (ART), 
10 portal-venous (PVN) and 31 venous (VEN).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the institutional ethics committee of Leipzig 
University (reference number: 337/19-ek) and individual 
consent for this retrospective analysis was waived.

Baseline characteristics 

Patients were 69.3±12.5 years old, weighed 77.5±15.9 kg,  
had a body mass index (BMI) of 26.9±4.7 kg/m2 and 
42% (13/31) were women. Further details and clinical 
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characterization have been described previously (20).

CT acquisition, image reconstruction and analysis

Image acquisition and reconstruction was performed 
identically to a previous study for 3D-segmentation (20). 
Care was taken to ensure very similar delays between 
the scans (ART, PVN, VEN) after intravenous injection 
of the same amount of ICM. For image reconstruction, 
slice thickness was 3 mm and a medium smooth filtered 
back projection kernel (B30f) was used. For planimetric 
segmentation of adipose tissue the same threshold-based 
semi-automatic method was employed using specialized 
open source software (Slicer, v4.10.2, http://www.slicer.
org/) (21). The threshold range for segmentation of adipose 
tissue was set from −190 to −30 HU (14). In contrast to 
our previous study (20), segmentation was performed in a 
single slice at L2/3, just above L3 (11,22); again, separately 
for visceral adipose tissue (VAT) and subcutaneous 
adipose tissue (SAT) (Figure 1). To ensure consistency of 
segmentation, five data sets were initially segmented for 
training purposes multiple times. After reliably identifying 
the chosen landmarks and obtaining very consistent data, 
no intra- or inter-observer agreement was taken. Area and 
density were recorded separately for the two compartments. 
After training, segmentation of SAT and VAT took less than 
2 minutes per slice.

Total adipose tissue (TAT) was calculated as follows: 

 VATarea SATareaTATdensity VATdensity SATdensity
TATarea TATarea

= ⋅ + ⋅    [1]

 TATarea VATarea SATarea= +  [2]

Statistical analysis

While categorical variables are given as count and 
percentage, continuous variables are presented as mean and 
standard deviation when symmetrically distributed or as 
median and interquartile range for skewed distributions.

Intra-patient differences between CES and NES 
measurements (defined as CES minus NES) as well as 
between 2D- and 3D-segmentation with respect to changes 
in density (defined as 3D minus 2D) were tested using a 
paired t-test. For relative differences of NES and CES 
measurements (i.e., ratio CES/NES), we applied a one-
sample t-test to the log-transformed ratios. For comparison 
of changes in quantity of adipose tissue between 2D- and 
3D-segmentation, a Wilcoxon signed-rank test was used. 
All tests were performed at a significance level of 5%. In 
addition, 95% confidence intervals were calculated for the 
estimated sample means.

We performed linear regression analyses to assess the 
relationship between NES and CES measurements. For 
validation of the regression models, each sample was 

Figure 1 Example of the semi-automatic segmentation of adipose tissue in an arterial scan. Single slice (2D) of the mid abdomen at L2/3 
(A) and of the entire abdomen (3D) shown in coronal view (B). The solid line in each image represents the viewed plain of the other image. 
Thresholds for segmentation of adipose tissue were set between −190 and −30 HU. Visceral adipose tissue is marked in red. Subcutaneous 
adipose tissue is marked in yellow. Note the intramuscular hematoma in the medial compartment of the right thigh (B).
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randomly divided into training and test data at a proportion 
of 75:25% (ART: 17:6 patients; PVN: 7:3; VEN: 23:8). 
Linear regression models were derived using only the 
training data and subsequently validated using the test data. 
For this purpose, root-mean-square error (RMSE) was 
calculated for both data sets and compared.

For the comparison of 2D- and 3D-segmentation, 
we calculated the normalized root-mean-square error 
(NRMSE) to account for potentially different units of 
measurement (i.e., dm3 vs. dm2). In contrast to RMSE, 
training and test data were merged for the calculation of 
NRMSE. The normalization of RMSE was performed 
using the standard deviation. Interdimensional NRMSE 
differences were calculated as 3D minus 2D.

All statistical analyses were performed using R (v4.0.3, R 
Foundation for Statistical Computing, Vienna, Austria).

Results

2D-segmentation

After the application of ICM, mean density between 
NES and CES increased significantly (P<0.05) in all 

compartments (TAT, VAT and SAT) and contrast phases 
(ART, PVN and VEN) with the exception of SAT in ART 
(+0.9±2.2 HU, P=0.07). The changes in density were more 
pronounced in the visceral compartment (VAT > TAT > 
SAT) and overall, they were more marked in VEN and 
PVN compared to ART (VEN ≈ PVN > ART). Further 
detail regarding the density of adipose tissue in NES and 
CES segmented in 2D is given in Table 1.

Area of segmented adipose tissue decreased after the 
application of ICM in all contrast phases and compartments 
with the exception of SAT in ART [+0.85% (3.66%), 
P=0.64], but only reached significance in VAT and TAT in 
both ART and VEN, and TAT in PVN (P<0.05). Similarly 
to density, the changes in area were more pronounced in 
later CES (VEN > PVN > ART). Further detail regarding 
the area of adipose tissue segmented in NES and CES is 
listed in Table 2.

Overall, the linear regression models constructed for 
NES and CES for density and area showed good fit to the 
respective data points (Tables 1,2, Figures 2,3). However, the 
goodness of fit and therefore the precision of the conversion 
of these models was best for ART and increased further for 
area in ART when considering VAT and SAT separately, 

Table 1 Density of segmented adipose tissue in non-enhanced and contrast-enhanced scans for 2D-segmentation

Variables NES (HU) CES (HU) Change (HU) P 95% CI (HU) R2 P Conversion formula
RMSEtrain 

(HU)
RMSEtest 

(HU)

NES vs. ART (n=23)

TAT −91.0±14.1 −90.2±13.1 +1.5±1.4 <0.001 0.9, 2.1 0.989 <0.001 −1.533+1.003*ART 1.33 1.63

VAT −87.0±12.7 −86.0±11.9 +2.5±1.8 <0.001 1.7, 3.2 0.972 <0.001 −2.039+1.004*ART 2.01 1.32

SAT −94.7±16.2 −94.5±14.4 +0.9±2.2 0.07 −0.1, 1.8 0.971 <0.001 3.154+1.044*ART 2.50 0.83

NES vs. PVN (n=10)

TAT −91.0±14.1 −91.4±11.8 +4.1±3.5 0.005 1.6, 6.6 0.881 <0.001 −24.365+0.783*PVN 3.68 3.70

VAT −87.0±12.7 −81.6±10.5 +5.6±2.4 <0.001 3.9, 7.3 0.960 <0.001 −8.501+0.965*PVN 2.40 2.72

SAT −94.7±16.2 −98.4±12.9 +3.8±4.0 0.02 0.9, 6.7 0.929 <0.001 −15.578+0.868*PVN 3.17 4.30

NES vs. VEN (n=31)

TAT −91.0±14.1 −86.9±13.5 +4.1±2.6 <0.001 3.2, 5.1 0.969 <0.001 −0.333+1.042*VEN 2.60 2.90

VAT −87.0±12.7 −82.1±12.4 +4.9±4.9 <0.001 3.1, 6.7 0.862 <0.001 −10.592+0.930*VEN 5.09 4.67

SAT −94.7±16.2 −91.0±15.6 +3.7±5.3 <0.001 1.8, 5.7 0.884 <0.001 −10.924+0.930*VEN 5.35 5.93

Data are mean ± standard deviation. ART, arterial scan; CES, contrast-enhanced scan; CI, confidence interval; NES, non-enhanced scan; 
PVN, portal-venous scan; R2, coefficient of determination; RMSE, root-mean-square error; SAT, subcutaneous adipose tissue; TAT, total 
adipose tissue; test, test data; train, training data; VAT, visceral adipose tissue; VEN, venous scan. The first P value column (and 95% CI) 
corresponds to the change between CES and NES while the second p column corresponds to the difference of the correlation coefficient 
R from zero. All conversion formulae calculate NES densities in HU for 2D-segmentation.
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Table 2 Area of segmented adipose tissue in non-enhanced and contrast-enhanced scans (for 2D-segmentation)

Variables NES (dm2) CES (dm2) Change (%) P 95% CI (%) R2 P Conversion formula
RMSEtrain 

(dm2)
RMSEtest 

(dm2)

NES vs. ART (n=23)

TAT 3.92±1.52 4.08±1.50 −2.32 (3.63) 0.005 −3.68, −0.75 0.997 <0.001 0.124+0.987*ART 0.10 0.14

VAT 1.93±0.92 2.01±0.91 −3.51 (3.62) <0.001 −6.41, −2.42 0.989 <0.001 0.099+0.994*ART 0.10 0.05

SAT 2.00±0.94 2.07±0.99 +0.85 (3.66) 0.64 −1.52, 2.45 0.997 <0.001 0.061+0.969*ART 0.05 0.11

NES vs. PVN (n=10)

TAT 3.92±1.52 3.91±1.65 −2.69 (2.29) 0.008 −4.84, −0.97 0.997 <0.001 −0.047+1.040*PVN 0.12 0.08

VAT 1.93±0.92 1.69±0.92 −6.68 (6.72) 0.11 −13.94, 1.73 0.951 <0.001 −0.129+1.202*PVN 0.20 0.73

SAT 2.00±0.94 2.22±0.95 −0.28 (5.93) 0.92 −7.81, 7.70 0.993 <0.001 −0.055+1.030*PVN 0.09 0.58

NES vs. VEN (n=31)

TAT 3.92±1.52 3.73±1.53 −6.33 (6.42) <0.001 −9.01, −3.90 0.987 <0.001 0.269+0.978*VEN 0.19 0.16

VAT 1.93±0.92 1.77±0.92 −10.91 (10.47) <0.001 −16.15, −6.91 0.931 <0.001 0.215+0.972*VEN 0.23 0.18

SAT 2.00±0.94 1.97±0.97 −0.31 (7.19) 0.11 −4.67, 0.48 0.986 <0.001 0.056+0.990*VEN 0.11 0.19

Data are mean ± standard deviation in dm2 or median in% and (interquartile range in percentage points). ART, arterial scan; CES,  
contrast-enhanced scan; CI, confidence interval; NES, non-enhanced scan; PVN, portal-venous scan; R2, coefficient of determination; 
RMSE, root-mean-square error; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; test, test data; train, training data; VAT,  
visceral adipose tissue; VEN, venous scan. The first P value column (and 95% CI) corresponds to the relative change between CES and 
NES while the second P value column corresponds to the difference of the correlation coefficient R from zero. All conversion formulae  
calculate NES area in dm2.

Figure 2 Linear regression models for density of segmented adipose tissue of a single slice at L2/3 (solid red line) fitted to randomly selected 
training data (red circles) for the abdominal compartments (A,B,C). Test data points are shown as blue triangles. For further detail see also 
Table 1.

shown by smaller RMSE (Table 1, Figure 2). RMSE of 
density in PVN is smallest for VAT, and in VEN for TAT. 
RMSE of area in PVN and VEN does not seem to favor 
any compartment.

Results of linear regression are displayed as conversion 
formulae (Tables 1,2), which can be used to obtain values 
for NES by simply entering the results of segmentation of 
CES.
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Differences between 2D- and 3D-segmentation

Differences in the change of the density of adipose tissue 
segmented in 2D and 3D were small (<2 HU) and, overall, 
slightly lower for 3D-segmentation. The changes were 
significantly different for TAT in ART (–0.6±1.3 HU, 
P=0.03), VAT in PVN (–1.2±1.5 HU, P=0.03) and TAT 
in VEN (–1.1±1.8 HU, P=0.002). No further significant 
differences in the changes of density were observed between 
modes of segmentation (Table 3).

Regression analyses of the relationship of density in NES 
and CES showed relatively small differences between 2D- 
and 3D-segmentation with equivalent goodness of fit in 
ART in all compartments with almost identical NRMSE. 
In PVN NRMSE for TAT, VAT and SAT is approximately 
half for 3D-segmentation. Except for TAT in ART and 
VEN, NRMSE for density is consistently smaller for 
3D-segmentation. For further detail see Table 3.

Differences in the change of the quantity (area and 
volume) of adipose tissue segmented in 2D and 3D were 
small (<5%) and most pronounced in PVN. However, no 
significant differences were observed (Table 4).

Regression analyses of the relation of quantity in NES 
and CES between 2D- and 3D-segmentation showed mixed 
results for different compartments. NRMSE for quantity is 
consistently smaller with 3D-segmentation for VAT. Except 
for SAT in PVN, NRMSE for quantity is consistently 

smaller with 2D-segmentation for TAT and SAT (Table 4).

Discussion

The application of contrast medium changes the density 
and quantity of segmented adipose tissue, a biomarker 
potentially obtained from any CT scan. The extent of this 
change is influenced by the time elapsed after injection, 
differs between abdominal compartments and varies between 
2D- and 3D-segmentation. This may introduce bias when 
comparing results to studies performed with different 
techniques in scan and/or evaluation, which may well be 
adjusted for by means of conversion formulae (Tables 1,2).

Intravenously applied ICM increases the density and 
decreases the area of abdominal adipose tissue segmented 
in a single slice. Evidently, ICM increases the density 
of adipose tissue leading to both increased density of 
voxels within the given threshold range and thus to the 
misclassification of voxels that otherwise would have been 
classified as adipose tissue. Presumably, this is mediated 
through a mix of direct and partial volume effect. However, 
as adipose tissue is generally poorly vascularized, partial 
volume effect is likely to dominate, particularly in ART. 
Furthermore, the arterial vascular cross-section is relatively 
constant between individuals and is much less influenced 
by acute or even chronic pathological processes compared 

Figure 3 Linear regression models for area of segmented adipose tissue on a single slice at L2/3 (solid red line) fitted to randomly selected 
training data (red circles) for the abdominal compartments (A,B,C). Test data points are shown as blue triangles. All models achieve very 
good fit with small root-mean-square error (RMSE) for both training and test data. Note the different scales and slightly higher deviation of 
data points from the regression model for total abdominal adipose tissue (A) compared to the visceral and subcutaneous compartments (B,C) 
and ultimately smaller RMSE when considering the visceral and subcutaneous compartment separately (see also Table 2).

Total adipose tissue

1         2         3         4         5          6        7 0.0     0.5     1.0     1.5     2.0     2.5     3.0    3.5 0                1                2               3               4
Segmented adipose tissue in 

arterial scan (dm2)
Segmented adipose tissue in 

arterial scan (dm2)
Segmented adipose tissue in 

arterial scan (dm2)

S
eg

m
en

te
d 

ad
ip

os
e 

tis
su

e 
in

 n
on

-e
nh

an
ce

d 
sc

an
 (d

m
2 )

S
eg

m
en

te
d 

ad
ip

os
e 

tis
su

e 
in

 n
on

-e
nh

an
ce

d 
sc

an
 (d

m
2 )

S
eg

m
en

te
d 

ad
ip

os
e 

tis
su

e 
in

 n
on

-e
nh

an
ce

d 
sc

an
 (d

m
2 )

Visceral adipose tissue Subcutaneous adipose tissue
7

6

5

4

3

2

1

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

4

3

2

1

0

A B C



4264 Gohmann et al. 2D- and 3D-segmentation of adipose tissue on CT

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(10):4258-4268 | https://dx.doi.org/10.21037/qims-21-178

Table 4 Changes in quantity (area and volume) of adipose tissue between non-enhanced and contrast-enhanced scans in 2D- and 3D-segmentation

Variables Change 2D (%) Change 3D (%) (20) Difference (%) P 95% CI (%) NRMSE2D NRMSE3D Difference

NES vs. ART (n=23)   

TAT −2.32 (3.63) −3.71 (5.72) −0.52 (7.68) 0.52 −3.43, 1.19 0.071 0.082 +0.011

VAT −3.51 (3.62) −4.64 (4.29) −1.25 (5.39) 0.25 −3.14, 0.74 0.094 0.071 −0.023

SAT +0.85 (3.66) −1.32 (6.88) −1.51 (6.87) 0.26 −4.48, 1.57 0.072 0.105 +0.033

NES vs. PVN (n=10)     

TAT −2.69 (2.29) −3.23 (7.58) −1.38 (7.97) 0.49 −8.28, 2.78 0.054 0.103 +0.049

VAT −6.68 (6.72) −10.23 (5.77) −4.51 (13.95) 0.32 −15.12, 4.21 0.491 0.099 −0.392

SAT −0.28 (5.93) −0.53 (7.30) −2.90 (15.07) 0.63 −10.05, 9.52 0.318 0.124 −0.194

NES vs. VEN (n=31)     

TAT −6.33 (6.42) −4.72 (8.72) +0.57 (9.80) 0.65 −2.07, 3.66 0.116 0.133 +0.017

VAT −10.91 (10.47) −9.45 (7.71) +0.06 (11.16) 0.99 −3.80, 3.94 0.225 0.204 −0.021

SAT −0.31 (7.19) −2.61 (6.97) −0.29 (12.12) 0.85 −4.11, 4.58 0.141 0.167 +0.026

Data are median in% and (IQR in percentage points). ART, arterial scan; CES, contrast-enhanced scan; CI, confidence interval; NES, 
non-enhanced scan; PVN, portal-venous scan; NRMSE, normalized root-mean-square error; SAT, subcutaneous adipose tissue; TAT, total 
adipose tissue; VAT, visceral adipose tissue; VEN, venous scan. The P value (and 95% CI) corresponds to the difference of the changes 
between 2D- and 3D-segmentation.

Table 3 Changes in density of adipose tissue between non-enhanced and contrast-enhanced scans in 2D- and 3D-segmentation

Variables Change 2D (HU) Change 3D (HU) (20) Difference (HU) P 95% CI (HU) NRMSE2D NRMSE3D Difference

NES vs. ART (n=23)     

TAT +1.5±1.4 +0.9±1.1 −0.6±1.3 0.03 −1.1, −0.1 0.101 0.101 0.000

VAT +2.5±1.8 +1.8±1.6 −0.7±1.9 0.12 −1.5, 0.2 0.146 0.137 −0.009

SAT +0.9±2.2 +0.4±1.5 −0.4±2.1 0.33 −1.3, 0.5 0.137 0.118 −0.019

NES vs. PVN (n=10)   

TAT +4.1±3.5 +3.2±1.7 −0.9±2.5 0.27 −2.7, 0.9 0.303 0.169 −0.134

VAT +5.6±2.4 +4.4±1.7 −1.2±1.5 0.03 −2.3, −0.1 0.211 0.155 −0.056

SAT +3.8±4.0 +2.9±1.6 −0.8±3.2 0.44 −3.1, 1.5 0.305 0.166 −0.139

NES vs. VEN (n=31)  

TAT +4.1±2.6 +3.1±2.3 −1.1±1.8 0.002 −1.7, −0.4 0.185 0.192 +0.007

VAT +4.9±4.9 +3.8±3.9 −1.1±5.1 0.24 −3.0, 0.8 0.379 0.317 −0.062

SAT +3.7±5.3 +2.8±2.2 −0.9±4.6 0.27 −2.6, 0.8 0.329 0.172 −0.157

Data are mean ± standard deviation in HU. ART, arterial scan; CES, contrast-enhanced scan; CI, confidence interval; NES, non-enhanced 
scan; PVN, portal-venous scan; NRMSE, normalized root-mean-square error; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; 
VAT, visceral adipose tissue; VEN, venous scan. The P value (and 95% CI) corresponds to the difference of the changes between 2D- and 
3D-segmentation.
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to the venous vasculature. This likely explains the more 
precise conversion of results from ART in to that of NES 
with universally smaller RMSE and NRMSE compared to 
PVN and VEN (Tables 1,2,3,4).

Similar to our previous study that had segmented the 
adipose tissue of the entire abdomen, the effect of ICM 
on the results of segmentation was influenced by the 
time elapsed after injection of ICM and was thus most 
pronounced in PVN and VEN and least pronounced in 
ART (20). Similarly, changes were different between the 
abdominal compartments, with the largest changes observed 
in VAT and the smallest changes in SAT. The observed 
changes in area (ART median: −2.32%, mean: −2.74%; 
PVN median: −2.69%, mean: −1.92%) and density (Table 1)  
between NES and CES of VAT are comparable to the 
observed changes in a different patient cohort (reported 
mean of change in area for ART and PVN between −2% to 
−3%) (18) and the same patient cohort but volumetrically 
derived results (Tables 3,4) (20). The results of another 
study assessing changes of segmented adipose tissue after 
application of ICM in perfusion CT are very similar 
regarding the change in density (reported mean ART: 
+2 HU; PVN: +3 HU) but seem somewhat high for the 
reported change in adipose tissue index (reported mean for 
ART: −6.5%; and PVN: −6.4%) (16). A very large study 
performed on healthy potential kidney donors found the 
area of adipose tissue to decrease by as much as −25.4% for 
VAT and −9.4% for SAT in VEN (19). However, this study 
employed a relatively large dose of ICM (150 mL) and long 
delay of over 5 minutes after injecting part of that ICM, 
likely explaining the much larger changes. The only other 
publication on this matter neither kept the amount of ICM 
constant between patients nor did it dose it according to 
lean body mass but rather dosed it according to patients’ 
body mass index (17). This study observed a positive 
correlation between the changes of segmented adipose 
tissue and patients’ BMI, likely constituting confounding as 
ICM was dosed according to patients’ BMI.

While the direction of the change in segmented 
adipose tissue shows strong parallels in regard to density 
and quantity between contrast phases and abdominal 
compartments to the study that had segmented the entire 
abdominal adipose tissue of the same patients, the extent of 
the change of density partially differs significantly (Table 3). 
These differences may be attributed to differing structure 
of adipose tissue within a given compartment. Similarly 
to the unequal impact of ICM on adipose tissue between 
compartments with differing embryological origin (23,24), 

differing metabolic and endocrine function (11,25) and 
ultimately differing structure, the adipose tissue within a 
given compartment is not homogeneous. This is particularly 
evident within the abdominal cavity with VAT in the upper 
abdomen mostly surrounding the parenchymal abdominal 
organs and in the lower abdomen being contained 
predominantly within mesentery, the greater omentum 
and around the large and small bowel. Consequently, the 
effect of ICM on segmented adipose tissue varies depending 
not only on the anatomical compartment, but also on the 
particular level examined.

In spite of the inhomogeneity within the adipose tissue 
of the abdomen, the relation of values obtained in NES 
and CES from just a single slice is strong and allows for a 
robust conversion of values obtained from CES into those 
of NES with only a small error (Figures 2,3, Tables 1,2). 
Despite the differences in the extent of change between 2D- 
and 3D-segmentation, the respective relationship of NES 
and CES is very strong and shows virtually no difference 
between the two modes of segmentation for density in 
ART (Table 3). While for density in later contrast phases, 
segmentation in 3D seems to be somewhat advantageous, 
the relationship for quantity is more complex and partly 
even more tight-fitting for 2D and hence precise when used 
for conversion (Table 4).

One could argue that the observed changes in the 
density and quantity of segmented adipose tissue after 
the application of ICM were not clinically relevant at all 
for stratifying cardio-vascular risk or risk in general. This 
argument might become particularly true when focusing on 
ART as frequently acquired in cardio-vascular radiology, 
considering the relatively small changes compared to those 
in VEN or PVN. However, changes of as little as +6 HU 
of SAT density or −13% of VAT area have been shown 
to negatively influence the survival of elderly patients 
with severe aortic stenosis after transcatheter aortic 
valve implantation (1). It is likely that even more subtle 
differences in the density and quantity of adipose tissue 
may be indicative of increased risk or a pathological state 
in other patient populations. Therefore, the possibility of 
converting adipose tissue metrics from one contrast phase 
into another by means of simple conversion formulae may 
be of great value. Thus, said metrics can be compared to 
those of previous studies with only small error.

Considering the rather small difference in error between 
2D- and 3D-segmentation in the conversion of density and 
quantity from CES into that of NES, 2D-segmentation 
seems to be the reasonable approach in most instances for 
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several reasons. First, 2D-segmentation is more frequently 
applied in body composition analysis today and therefore 
offers a greater opportunity for the comparison of data to 
that of other cohorts. Furthermore, although the direct 
measurement of abdominal adipose tissue is more precise 
for obvious reasons, its additional value compared to the 
precise exemplary measurement of a single slice is not well 
characterized and may therefore not justify the additional 
effort required when performed semi-automatically. 
However, with the advent of new fully automated options for 
tissue segmentation including machine learning, volumetric 
measurements or the combined volumetric and planimetric 
measurement may soon become a reasonable choice (26-28).

Limitations

This study was retrospectively conducted and only comprises 
a moderate number of patients. As the indication for 
examination varied, not all patients included had received 
all contrast phases with PVN being less frequently included 
than other contrast phases. The precise characterization of 
the influence of ICM on PVN and delineation from VEN 
is therefore somewhat limited. Furthermore, differences in 
adipose tissue segmented with 2D and 3D were small and 
only reached statistical significance for density of TAT in 
ART and VEN, but not for quantity, likely attributable to 
the moderate sample size. Furthermore, the sample size 
was relatively small. However, as mainly intra-individual 
differences were assessed at a single point in time, while all 
other parameters of the scan were kept constant, the sample 
size was sufficient for calculating and validating conversion 
formulae (Tables 1,2) and for comparing the modes of 
segmentation adequately (Tables 3,4).

No selection or exclusion of potentially interfering 
medical conditions possibly changing the interaction of 
adipose tissue with ICM took place. Even though mainly 
intra-individual differences were observed and the direction 
and magnitude of change after the application of ICM were 
relatively constant between individuals and within the given 
mode of segmentation, the extent of change may still have 
been influenced by these conditions. Therefore, caution is 
advised when applying our findings to other patient cohorts 
or healthy volunteers, particularly in regard to later contrast 
phases.

Conclusions

Iodinated contrast medium changes the density and area of 

adipose tissue segmented in a single slice. These changes 
vary similarly between abdominal compartments (visceral > 
total > subcutaneous abdominal adipose tissue) and contrast 
phases (venous ≈ portal-venous > arterial) compared 
to those observed with the segmentation of the entire 
abdomen but differ somewhat in extent between 2D- and 
3D-segmentation.

As the changes in density and quantity induced by 
contrast medium are fairly characteristic for a given contrast 
phase, compartment and mode of segmentation, the density 
and quantity of adipose tissue may be accurately calculated 
from the segmentation of contrast enhanced scans by means 
of dedicated conversion formulae with similar precision for 
2D- and 3D-segmentation.
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