
Li et al. Insights into Imaging           (2024) 15:10  
https://doi.org/10.1186/s13244-023-01592-6

ORIGINAL ARTICLE Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.
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Abstract 

Objectives  Creeping fat is a kind of unique abnormal mesenteric tissue at the sites of diseased bowel of Crohn’s 
disease. By using dual-energy CT enterography, this study aimed to evaluate the feasibility of spectral parameters 
in the quantitative analysis of mesenteric adipose tissue or creeping fat.

Methods  In this study, patients with known or suspected Crohn’s disease who underwent dual-energy CT enterog-
raphy from March 1, 2019, to March 31, 2021, were enrolled. Among them, 40 patients with surgery and pathology-
proven creeping fat were selected as the creeping fat Crohn’s disease group, and 40 normal patients were selected 
as the control group. The quantitative spectral parameters including the slope of the Hounsfield unit curve, normal-
ised fat–water concentration, normalised fat-iodine concentration, and normalised fat volume fraction at the enteric 
phases were obtained. Mann–Whitney U test, Kruskal–Wallis H test, and receiver operating characteristic curve analy-
sis were applied to compare quantitative parameters among various groups.

Results  A significant difference was observed in the slope of the Hounsfield unit curve, normalised fat–water 
concentration, normalised fat-iodine concentration, and normalised fat volume fraction between mesenteric adi-
pose tissue and creeping fat with Crohn’s disease at the enteric phase (all p < 0.001). The slope of the Hounsfield unit 
curve of creeping fat at the enteric phase had a better capability to distinguish inactive and active Crohn’s disease 
(AUC = 0.93, p < 0.001).

Conclusion  Dual-energy CT enterography with quantitative spectral parameters is a potentially novel noninvasive 
tool for evaluating creeping fat in Crohn’s disease.

Critical relevance statement  Energy spectral parameters of creeping fat in Crohn’s disease are significantly different 
from normal mesenteric adipose tissues and are correlated with inflammatory activity.

Key points   
• Dual-energy CT enterography allows quantitatively assessing creeping fat with spectral parameters.

• The creeping fat has distinct spectral parameters to normal mesenteric adipose.

• The spectral parameters accurately differentiate active and inactive Crohn’s disease.
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Graphical Abstract

Introduction
Recent studies have shown that the mesentery, a newly 
recognised independent organ [1, 2], interacts closely 
with the affected bowel and plays a potential role in the 
development process of Crohn’s disease (CD) [3].

Creeping fat, also known as “wrapping fat”, which was 
first described by Crohn et al. [4], is a kind of abnormal 
mesenteric adipose tissue (MAT) characterised by sur-
rounding > 50% of the intestinal circumference of affected 
bowel in CD [5]. Creeping fat is seen not in ulcerative 
colitis (another form of inflammatory bowel disease) 
but only in CD [6]. Histopathological analysis shows 
that creeping fat is a low-grade, chronic inflammatory 
process of MAT [7]. Creeping fat exhibits hyperplasia 
with increased small round adipocytes, accompanied by 
vascular proliferation, fibrosis, lymphadenectasis, and 
stromal cell infiltration [8]. It is often regarded as an 
anatomic landmark for the resection of affected bowel 
segments by surgeons during operation [9–13] and is 
associated with fibrosis, stricturing complications, and 
surgical recurrence in CD [3, 5, 6, 14–16].

Owing to a rapid scan speed and excellent image 
quality in the era of multi-detector row CT, CT enter-
ography (CTE) is an appropriate imaging modality for 

the evaluation of CD. Although the value of CTE in 
quantitatively assessing mural inflammation in CD is 
well recognised [17–19], Sakurai et al. [20] found that 
the mesenteric findings of CTE, rather than the mural 
findings, were highly correlated with the endoscopi-
cally evaluated severity of ulceration. Similarly, Feng 
et al. [21] found that creeping fat was closely related to 
inflammation activity under endoscopy.

Dual-energy CT provides enhanced diagnostic power 
with similar or even reduced radiation dose as com-
pared to single-energy CT [22–24]. Dual-energy CTE 
with material density images and virtually monochro-
matic images can distinguish different tissues accord-
ing to the behaviours of the material at different energy 
levels [23]. These spectral parameters may help quanti-
tatively assess mesenteric tissues in CD. However, the 
spectral parameters of creeping fat correlated with the 
surgical and pathologic findings of CD have not been 
reported so far. By using a series of quantitative dual-
energy parameters, this study aimed to quantitatively 
evaluate the differences between MAT in healthy con-
trols and creeping fat in CD patients and investigate 
the correlations with inflammatory activities in CD 
patients.
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Materials and methods
Ethical considerations
Our prospective, single-centre study was approved by 
the Medical Ethics Committee of the Xiangya Hospital 
of Central South University. The written informed con-
sent for the dual-energy CTE scan was obtained from all 
participants.

Study participants
The inclusion criteria were as follows: (a) patients with a 
confirmed diagnosis by endoscopy, histopathology, clini-
cal features, diagnostic imaging, and laboratory findings 
[25] and (b) patients without contraindications or previ-
ous adverse reactions to iodine contrast media and who 
could successfully finish dual-energy CTE examination. 
The exclusion criteria were described below: (a) patients 
with the preparation of intestinal tract for dual-energy 
CTE scanning but who were scanned in dual-energy 
CT angiography and CT venography of superior mes-
enteric artery and vein (to exclude mesenteric throm-
botic diseases); (b) patients with too poor image quality 
of dual-energy CTE and serious artefacts affecting the 
measurement of creeping fat; (c) patients whose dual-
energy CTE examination was not standardised (e.g. the 
portal phase was scanned, instead of the enteric phase).

Totally, 292 dual-energy CTE scans were performed 
from March 1, 2019, to March 31, 2021, in our hospital, 
including the scans for 161 patients with a confirmed 
diagnosis of CD. In these 161 CD patients, 3 cases were 
excluded according to the exclusion criteria, 109 cases 
were treated with medical drugs, and 49 cases underwent 
subsequent surgery for CD complications (intestinal 

obstruction, abdominal abscess, and fistula formation) 
and medical treatment failure [26]. According to the 
intraoperative exploration findings and the postopera-
tive pathologic results, 40 cases of CD with creeping fat 
were selected as the creeping fat group and 9 cases of CD 
whose MAT covered < 50% of the affected bowel circum-
ference [5] were excluded because such coverage did not 
meet the standard of creeping fat. Meanwhile, 40 cases 
of non-CD patients with normal MAT were selected as 
the control group. The detailed inclusion criteria of the 
control group were as follows: (a) patients with various 
symptoms such as abdominal distention, abdominal dis-
comfort, diarrhoea, and abdominal pain, and received 
dual-energy CTE to screen bowel disease; (b) no obvi-
ous abnormalities were found in the abdomen except for 
small hepatic cysts, renal cysts, ovarian cysts, noncom-
plicated gallstone, small renal calculus, and small myoma 
of the uterus (these abnormal findings were considered 
as not clinically significant); (c) without obvious gastro-
intestinal tract diseases, such as inflammatory bowel 
disease, intestinal tuberculosis, gastrointestinal cancer, 
and intestinal Behcet’s disease, which were carefully con-
firmed by a comprehensive diagnosis of clinical features, 
endoscopy, radiological imaging, and laboratory findings 
(Fig. 1).

Dual‑energy CTE scanning protocol
All patients underwent dual-energy CTE scanning on a 
256-detector row CT scanner (Revolution CT, GE Health-
care, USA) using a uniform protocol. The patients were 
asked to have a low-residue diet during the day before 
the examination and keep fasting for over 10 h before the 

Fig. 1  Flowchart of study enrollment
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dual-energy CTE examination. One hour before scan-
ning, the patients were required to drink a 2.5% manni-
tol solution (a total volume of 1200 to 1500 mL solution 
or more) at 20-min intervals (60, 40, and 20 min before 
scanning). Iopamidol injection (1.5 mL/kg body weight) 
was injected at a flow rate of 3 mL/s via the elbow vein 
using a power injector system. Contrast-enhanced CT 
scans were performed under the gemstone spectral imag-
ing (GSI) scanning mode (with tube voltage fast switch-
ing between 80 and 140 kVp) at the enteric phase [27]. 
By utilising the bolus tracking technique, an individual-
ised delay time for the enteric phase was determined as 
30 s after the aorta reached the threshold of 100 HU. The 
scanning range was the full abdomen–pelvis from the 
diaphragmatic apex to the perineal bottom. The scan-
ning parameters were as follows: tube current, 405 mA; 
scan type, helical; thickness, 1.25 mm; ASiR-V (adaptive 
statistical iterative reconstruction V) at 30% blending 
ratio; rotation time, 0.5  s; helical pitch, 0.984. Owing to 
the new-generation model-based iterative reconstruc-
tion ASIR-V, images acquired via this scanning protocol 
achieved an acceptable noise level and maintained diag-
nostic confidence at a low-radiation dose.

Energy spectral reconstructions
All data of the dual-energy CT scans of the enteric phase 
were transferred to and analysed on the AW 4.7 worksta-
tion (GE Healthcare, USA) with GSI software.

On the workstation, the fat–water material basis 
images, fat-iodine material basis images, and virtual 
monochromatic (VMC) images with energies ranging 
from 40 to 100 keV were obtained (these spectral recon-
structions were automatically done in 3–5 min per scan). 
Multi-material decomposition (MMD) algorithm [28, 29] 
was also applied in this study. Fat volume fraction (FVF) 
maps were generated using GSI Liver Fat software (AW 
4.7 workstation; GE Healthcare, USA).

Clinical characteristics of CD
The relevant clinical data of all patients were obtained 
from our institutional electronic medical record system. 
These records were collected when the patient was hos-
pitalised. The Crohn’s disease activity index (CDAI) and 
Montreal classification of each CD patient were recorded. 
Inactive and active CD was defined as CDAI < 150 and 
CDAI ≥ 150, respectively [30].

Image analysis and measurements
Creeping fat was defined as MAT covering more than 
half of the affected bowel circumference. In the prospec-
tive cohort, the imaging and surgical correlated evalu-
ation of each patient was conducted by a radiologist 
with 20 years of experience in abdominal imaging and a 

surgeon with 15 years of experience in the surgical treat-
ment of CD. The location and extent of the bowel lesion 
and the creeping fat on the preoperative CTE images 
were carefully assessed and matched with the surgical 
findings and pathological results of the resection speci-
mens [16].

Two radiologists independently drew the ROIs and 
performed the measurements on the axial images. For 
CD patients, the ROIs of creeping fat were placed on the 
diseased mesentery with radiologic-surgical-pathological 
correlations. Moreover, the measurements on subcu-
taneous fat and normal mesentery were also conducted 
for each patient. The ROIs of creeping fat should be 
close to the affected bowel and avoid blood vessels and 
lymph nodes. Depending on the extent of creeping fat, 
the area of ROIs ranged from 7 to 30 mm2. The ROIs of 
subcutaneous fat were placed on the subcutaneous adi-
pose tissue, avoiding subcutaneous muscles or possible 
subcutaneous lesions. The ROIs of normal mesentery 
were placed on the normal mesentery close to normal 
ileal bowels, avoiding blood vessels and lymph nodes. 
The shapes of ROIs were circular or elliptical. Once the 
ROIs were drawn, quantitative spectral parameters were 
automatedly shown. For the measurements of each tis-
sue, three ROIs at different sites were selected and their 
means were calculated and recorded for each patient.

The normalised fat–water concentration (NFWC) was 
defined as the value of the fat–water concentration of the 
tissue divided by the subcutaneous fat–water concentra-
tion on fat–water material basis images. Similarly, the 
normalised fat-iodine concentration (NFIC) was defined 
as the value of the fat-iodine concentration of the tissue 
divided by the subcutaneous fat-iodine concentration 
on fat-iodine material basis images. The normalised FVF 
(NFVF) was defined as the value of the fat volume frac-
tion of the tissue divided by the subcutaneous fat volume 
fraction on fat volume fraction images. The purpose of 
normalisation was to minimise individual differences. 
Approximately, the time for acquiring quantitative spec-
tral parameters was 5–8 min per patient for a radiologist 
with preliminary experience. The slope of Hounsfield 
unit curves between 40 and 100  keV (λHU) was calcu-
lated as the following equation: λHU = (CT attenuation 
of ROI on 40 keV VMC images − CT attenuation of ROI 
on 100 keV VMC images)/60. An example of the selected 
ROIs for measurements and calculations of λHU, NFIC, 
NFWC, and NFVF of a CD patient with creeping fat is 
shown in Fig. 2.

Statistical analysis
SPSS version 22.0 statistical software (IBM, Armonk, 
NY, USA) was used for statistical analysis. The Kol-
mogorov–Smirnov test was applied to evaluate whether 
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the continuous variables had a normal distribution. The 
continuous variables were expressed as mean ± standard 
deviation (SD) or interquartile range (IQR), while the 

categorical variables were presented as number (n) and 
percentage (%). The continuous variables (λHU, NFIC, 
NFWC, and NFVF at the enteric phase) had skewed 

Fig. 2  A 30-year-old male patient with inactive Crohn’s disease and non-stricturing and non-penetrating behaviours (a–g). The enteric phase CT 
enterography axial 70 keV virtual monochromatic (VMC) image (a) demonstrated the thickening of the ileal bowel wall as well as creeping fat, 
and the ROIs were selected in the creeping fat (ROI 1), the normal subcutaneous fat (ROI 2), and the “normal” mesenteric adipose tissue (ROI 3). 
b showed that compared with the subcutaneous fat (ROI 2) and “normal” mesenteric adipose tissue (ROI 3), the λHU curve of creeping fat (ROI 1) 
was inverted. c, d, and e showed fat–water material basis images, fat-iodine material basis images, and fat volume fraction maps at the enteric 
phase, respectively. The resected specimen (f) showed creeping fat wrapping around the affected ileal bowel loop. Pathological image (g) 
(HE, × 100) showed hyperplasia with increased small round adipocytes, vascular proliferation, and stromal cell infiltration in creeping fat
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distribution or heterogeneity of variance. Mann–Whit-
ney U test was applied to compare the quantitative 
parameters of creeping fat with inflammatory activity 
at the enteric phase. Kruskal–Wallis H test was used 
for comparisons among MAT in the controls, “normal” 
MAT, and creeping fat in CD groups. Receiver operat-
ing characteristic (ROC) curve analysis was performed 
to evaluate the performance of quantitative parameters 

in assessing inflammatory activity of creeping fat. Then, 
the area under the curve (AUC), sensitivity, and specific-
ity were separately calculated. A two-sided p value < 0.05 
indicated a statistically significant difference.

Results
Participant characteristics
There were 40 creeping fat CD patients and 40 nor-
mal control patients included in this study. The clinical 
characteristics of 40 creeping fat CD patients are listed 
in Table 1. The patients with creeping fat CD were sub-
divided into the active group (CDAI ≥ 150) and the inac-
tive group (CDAI < 150). In the creeping fat group, there 
were 26 males and 14 females, with an average age of 35. 
58 ± 1.67 (16–60) years, and body mass index (BMI) of 
18.22 ± 0.41 (14.31–24.65) kg/m2. Among CD patients, 
60.0% (24 of 40) patients had ileal disease, 10.0% (4 of 
40) patients had colonic disease, and 30.0% (12 of 40) 
patients had ileocolonic disease.

In the control group, there were 21 males and 19 
females, with an average age of 38.45 ± 1.08 (24–47) years 
and an average BMI of 18.68 ± 0.19 (16.44–20.62) kg/m2. 
There were no statistically significant differences in age, 
gender distribution, and BMI between the creeping fat 
group and the control group (p > 0.05).

Measurements of dual‑energy parameters
There was good inter-individual consistency in the meas-
urements between the two radiologists, with intra-class 
correlation coefficients ranging from 0.84 to 0.93 (95% 
CI = 0.70, 0.96), and the measurement data from either 
radiologist was randomly selected for analysis.

As shown in Table  2, λHU, NFIC, NFWC, and NFVF 
at the enteric phase were significantly different between 
MAT in the controls and creeping fat in the CD group 
(Kruskal–Wallis H test: p < 0.001; Wilcoxon test: 
p < 0.001).

Table 1  Clinical characteristics of patients with Crohn’s disease 
according to Montreal classification

BMI Body mass index

Clinical Characteristics

Patient, n (%) 40

Sex, n (male/female) (26/14)

Age, mean ± SD, years (range) 35.58 ± 1.67 (16–60)

BMI, mean ± SD, kg/m2 (range) 18.22 ± 0.41 (14.31–24.65)

Age at diagnosis, n (%)

  A1 (≤ 16 years) 1 (2.5%)

  A2 (17–40 years) 27 (67.5%)

  A3 (> 40 years) 12 (30.0%)

Disease location, n (%)

  L1 (ileal) 24 (60.0%)

  L2 (colonic) 4 (10.0%)

  L3 (ileocolonic) 12 (30.0%)

Disease location, n (%)

  L1 (ileal) 24 (60.0%)

  L2 (colonic) 4 (10.0%)

  L3 (ileocolonic) 12 (30.0%)

Behaviors, n (%)

  B1 (non-stricturing, non-penetrating) 3 (7.5%)

  B2 (stricturing) 16 (40.0%)

  B3 (penetrating) 21 (52.5%)

  P (perianal disease), n (%) 9 (22.5%)

  Internal fistula or abscess, n (%) 13 (32.5%)

Table 2  Comparison of spectral quantitative parameters between mesenteric adipose tissue in the controls, “normal” mesenteric 
adipose tissue with Crohn’s disease, and creeping fat with Crohn’s disease

* Comparisons between “normal” MAT with CD and creeping fat with CD
** Comparisons between MAT in the controls and creeping fat with CD
*** Comparisons between MAT in the controls and “normal” MAT with CD

CD, Crohn’s disease; λHU, slope of the spectral Hounsfield unit curve; MAT, mesenteric adipose tissue; NFIC, normalised fat-iodine concentration; NFWC, normalised fat–
water concentration; HU, Hounsfield unit; NFVF, normalised fat volume fraction

Quantitative parameter Controls (n = 40) “Normal” MAT with CD 
(n = 40)

Creeping fat with CD 
(n = 40)

p value* p value** p value***

λHU (HU/keV) at the enteric 
phase

 − 1.33 (− 1.58 to − 1.24)  − 1.22 (− 1.40 to − 1.00) 0.58 (− 0.05 to 1.20)  < 0.001  < 0.001 0.135

NFIC at the enteric phase 1.00 (1.00–1.01) 1.00 (1.00–1.005) 1.05 (1.02–1.07)  < 0.001  < 0.001 1.000

NFWC at the enteric phase 0.83 (0.72–0.94) 0.89 (0.76–0.99)  − 0.41 (− 0.92 to − 0.46)  < 0.001  < 0.001 1.000

NFVF at the enteric phase 1.00 (0.99–1.02) 1.00 (0.98–1.08) 0.33 (0.26–0.79)  < 0.001  < 0.001 1.000
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According to Table 3, λHU, NFIC, NFWC, and NFVF at 
the enteric phase demonstrated a significant difference 
between inactive and active CD (Mann–Whitney U test: 
p < 0.01).

ROC curve analysis showed that the AUC of λHU at the 
enteric phase was highest for the differential diagnosis of 
creeping fat between inactive and active CD (Table 4).

Assessment of radiation dose
The mean volume CT dose index (CTDIvol) and dose-
length product (DLP) were 10.10 mGy and 548.29 ± 6.37 
(482.56–749.50) mGy·cm at the enteric phase, 
respectively.

Discussion
The pathologic changes of the mesentery in CD are com-
monly seen at the sites of affected bowels and are closely 
related to the stage of disease, the activity of inflamma-
tion, and complications. In chronic advanced patients, 
the affected mesentery usually shows chronic inflam-
mation, becomes thicker and tends to wrap the diseased 
bowel, and is recognised as creeping fat. In creeping 
fat, the MAT is hypertrophy with increased and dis-
ordered small round adipocytes, increased collagen 
content, and thickened, proliferated mesenteric vascu-
lar walls with stenotic or occluded vessels [7, 21]. With 
severe pathological changes, creeping fat may hinder the 
favourable treatment response of drugs and become an 
indication for surgery. To accurately assess creeping fat, 
this study adopted a surgery patient cohort and built a 

clinical-surgical, radiological, and histopathological cor-
relation. In our study, by implementing the enteric phase 
spectral CTE scan, we obtained a series of new quantita-
tive parameters for creeping fat with an imaging-surgical 
correlation in CD. Our study showed that λHU, NFIC, 
NFWC, and NFVF at the enteric phase were significantly 
different among MAT in the controls, “normal” MAT 
with CD, and creeping fat with CD, while there was no 
significant difference between MAT in the controls and 
“normal” MAT with CD. This suggests that dual-energy 
CT can readily discriminate the abnormal MAT from the 
normal MAT. The HU curves of creeping fat with CD are 
inverted compared to those of MAT in the controls and 
“normal” MAT in CD. λHU reflects the slope of the HU 
curve for the X-ray attenuation coefficient of different tis-
sues as the X-ray energy level changes from 40 to 140 keV 
[31], which could be helpful in identifying different com-
ponents in the tissues [32, 33]. Our study has shown that 
the λHU of creeping fat is 0.58 at the enteric phase while 
the λHU of “normal” MAT with CD is − 1.22 at the enteric 
phase. The results indicate that the components in the 
creeping fat tissues are significantly different from those 
in the “normal” MAT. With material decomposition tools 
for quantifying fat, water, and iodine, NFIC of creeping 
fat was higher but NFWC and NFWC were lower than 
MAT in the controls or “normal” MAT with CD at the 
enteric phase. These findings are corresponding to the 
pathologic changes of creeping fat. The clinical pathol-
ogy [34] and the results of animal models [35] both have 
shown that creeping fat is an inflammatory adipose tissue 

Table 3  Spectral quantitative parameters of creeping fat with inactive and active Crohn’s disease

* Mann–Whitney U test

λHU, slope of the spectral Hounsfield unit curve; NFIC, normalised fat-iodine concentration; NFWC, normalised fat–water concentration; HU, Hounsfield unit; NFVF, 
normalised fat volume fraction

Quantitative parameter Inactive CD (n = 14) Active CD (n = 26) p value*

λHU (HU/keV) at the enteric phase  − 0.28 (− 0.73 to − 0.11) 1.00 (0.53–1.57)  < 0.001

NFIC at the enteric phase 1.02 (1.00–1.04) 1.07 (1.04–1.08)  < 0.001

NFWC at the enteric phase 0.52 (0.14–1.00)  − 0.77 (− 0.97 to − 0.35)  < 0.001

NFVF at the enteric phase 0.79 (0.67–0.92) 0.29 (0.20–0.38)  < 0.001

Table 4  Receiver operating characteristic curves of quantitative parameters for the differential diagnosis of creeping fat with inactive 
and active Crohn’s disease

λHU, slope of the spectral Hounsfield unit curve; NFIC, normalised fat-iodine concentration; NFWC, normalised fat–water concentration; HU, Hounsfield unit; NFVF, 
normalised fat volume fraction; AUC​, area under the curve

Quantitative parameter AUC​ Threshold Sensitivity (%) Specificity (%)

λHU (HU/keV) at the enteric phase 0.93 (0.81–0.99) 0.20 92.31 (74.9–99.1) 85.71 (57.2–98.2)

NFIC at the enteric phase 0.84 (0.69–0.94) 1.05 69.23 (48.2–85.7) 92.86 (66.1–99.8)

NFWC at the enteric phase 0.92 (0.79–0.98) –0.13 92.31 (74.9–99.1) 85.71 (57.2–98.2)

NFVF at the enteric phase 0.86 (0.71–0.95) 0.59 84.62 (65.1–95.6) 78.57 (49.2–95.3)
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with fibrofatty proliferation [7], rather than a typical fat 
tissue. The creeping fat contains more micro-vessels and 
other non-fat components (e.g. oedema, collagen, and 
fibrous tissue) [35], contributing to the increased NFIC 
and decreased NFWC and NFWC.

Our study showed that λHU, NFIC, NFWC, and NFVF 
of creeping fat at the enteric phase were significantly dif-
ferent between inactive CD and active CD (all p < 0.01). 
Creeping fat with active diseases is oedematous and con-
gested, so it contains more water than inactive diseases. 
On the contrast-enhanced images, it has a higher con-
centration of iodinated contrast medium for active dis-
eases than inactive diseases. These results suggest that 
the dual-energy parameters of creeping fat are useful in 
quantitatively evaluating the activity of CD. Since these 
parameters are obtained noninvasively, they can be used 
to monitor disease progression.

The ROC analysis results have shown that the quanti-
tative parameters (λHU, NFIC, NFWC, and NFVF) at the 
enteric phase are efficient in the discrimination between 
creeping fat with inactive and active CD, among which 
the λHU at the enteric phase had the highest diagnostic 
accuracy (AUC = 0.93; 95% CI, 0.81–0.99; p < 0.001).

Mahmood et  al. [36] found that radiation dose, par-
ticularly organ dose, was lower with rapid-switching 
dual-energy CT (rsDECT) compared with conventional 
single-energy computed tomography CT (SECT), espe-
cially in smaller-sized patients. The organ dose was, on 
average, 37.4% less with rapid-switching dual-energy CT. 
Our dual-energy CTE scanning protocol showed rela-
tively lower values of CTDIvol and DLP (10.10 mGy and 
548.29 ± 6.37 mGy·cm) at the enteric phase, as compared 
to the low-dose CTE protocol (with CTDIvol and DLP of 
12.29 ± 3.33 mGy and 604.98 ± 180.59 mGy·cm) reported 
by Ippolito et al. [37]. Low-dose dual-energy CTE scan-
ning protocol therefore can be considered a useful tool 
in the management of CD patients, considering the 
young age of patients and the frequent imaging follow-up 
required [37].

Higher visceral adipose tissue with CD was associ-
ated with more hospitalisations, increased complicated 
disease, shorter intervals from diagnosis to surgery, and 
higher disease activity scores [38]. Visceral adipose tissue 
accumulation was a prospective risk factor for increased 
disease activity in CD [39]. A high visceral adipose tis-
sue value was associated with postoperative recurrence 
of CD [40]. Alteration of body composition (subcutane-
ous and visceral adipose tissue) appears to be a marker 
of disease severity and complex phenotypes [41, 42]. 
Because of the important role mesentery plays in the 
disease development of CD, the qualitative evaluation of 
creeping fat may be beneficial to the clinical management 
of CD. Recently, Coffey et  al. [5] and Li et  al. [16] have 

developed a mesenteric disease activity index to quan-
tify the severity of CD according to the grade of mesen-
teric thickening and fat wrapping. However, this index is 
based on the morphologic findings and may be difficult 
to measure on the axial images. Our study may provide 
an alternative simple method in quantitatively evaluating 
the activity of the mesentery of CD.

This study has several limitations. Firstly, it was a sin-
gle-centre clinical study, and the sample size of creep-
ing fat with surgical resection was limited. However, all 
the investigations in this study were performed using 
the same CT scanner and nearly all the patients were 
operated by a single surgeon who is experienced in the 
surgical management of CD. This helped to keep the 
diagnostic criteria and measurement consistent. Sec-
ondly, subjects with different subtypes (such as termi-
nal ileal, colonic, and ileocolonic subtypes) of CD were 
included in our study, and future prospective studies 
focused on the potential pathological alterations underly-
ing the creeping fat on the CTE images in each CD sub-
type may be attempted. Thirdly, the follow-up patients 
with CD can be further followed to study the relationship 
between the quantitative parameters of MAT and creep-
ing fat in dual-energy CTE and the disease outcome, 
treatment response, or prognosis, and even compare the 
parameter changes before and after treatment.

In conclusion, dual-energy CTE with a series of spec-
tral parameters can accurately distinguish normal MAT 
and creeping fat. Spectral parameters probably help 
quantitatively evaluate the disease activity of creeping fat 
in CD. Dual-energy CTE may benefit the clinical decision 
and surveillance of CD.

Abbreviations
AUC​	� Area under the curve
BMI	� Body mass index
CD	� Crohn’s disease
CDAI	� Crohn’s disease activity index
CTDIvol	� Volume CT dose index
CTE	� CT enterography
DLP	� Dose-length product
FVF	� Fat volume fraction
GSI	� Gemstone spectral imaging
MAT	� Mesenteric adipose tissue
MMD	� Multi-material decomposition
NFIC	� Normalised fat–water concentration
NFVF	� Normalised fat volume fraction,
NFWC	� Normalised fat-iodine concentration
ROC	� Receiver operating characteristic curve
ROI	� Region of interest
VMC	� Virtual monochromatic
λHU	� The slope of the Hounsfield unit curve

Acknowledgements
We thank the engineers of GE Healthcare for providing technical assistance.

Authors’ contributions
XcL: data acquisition, interpretation, and analysis; statistical analysis; literature 
research; manuscript preparation and revision editing. WW: clinical surgery 



Page 9 of 10Li et al. Insights into Imaging           (2024) 15:10 	

studies; manuscript preparation and revision for important intellectual con-
tent. YY: data acquisition, interpretation, and analysis; manuscript preparation. 
ZmZ: data acquisition, interpretation, and analysis. XwL: clinical medical stud-
ies; manuscript preparation and revision for important intellectual content. 
DsX: clinical pathology studies; manuscript preparation and revision for 
important intellectual content. XyL: study concepts and design; study supervi-
sion; data acquisition, interpretation, and analysis; statistical analysis; literature 
research; manuscript preparation and revision editing.

Funding
This study was supported by GE Global Research, Grant No. 
GEHC-CT-CFP-2018–01.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Our study was approved by the Medical Ethics Committee of the Xiangya 
Hospital of Central South University. The written informed consent of CT 
enterography scan was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiology, The Second Affiliated Hospital, Hengyang Medical 
School, University of South China, Hengyang, China. 2 Department of Radiol-
ogy, Xiangya Hospital, Central South University, 87 Xiangya Road, Chang-
sha 410008, China. 3 Department of General Surgery, Xiangya Hospital, Central 
South University, Changsha, China. 4 Department of Gastroenterology, Xiangya 
Hospital, Central South University, Changsha, China. 5 Department of Pathol-
ogy, Xiangya Hospital, Central South University, Changsha, China. 6 National 
Clinical Research Center for Geriatric Disorders, Xiangya Hospital, Central 
South University, Changsha, China. 

Received: 3 September 2023   Accepted: 9 December 2023

References
	1.	 Coffey JC, O’Leary DP (2017) Defining the mesentery as an organ and 

what this means for understanding its roles in digestive disorders. Expert 
Rev Gastroenterol Hepatol 11:703–705

	2.	 Coffey JC, O’Leary DP (2016) The mesentery: structure, function, and role 
in disease. Lancet Gastroenterol Hepatol 1:238–247

	3.	 Peyrin-Biroulet L, Chamaillard M, Gonzalez F et al (2007) Mesenteric fat in 
Crohn’s disease: a pathogenetic hallmark or an innocent bystander? Gut 
56:577–583

	4.	 Crohn BB, Ginzburg L, Oppenheimer GD (1952) Regional ileitis; a patho-
logic and clinical entity. Am J Med 13:583–590

	5.	 Coffey CJ, Kiernan MG, Sahebally SM et al (2018) Inclusion of the mesen-
tery in ileocolic resection for Crohn’s disease is associated with reduced 
surgical recurrence. J Crohns Colitis 12:1139–1150

	6.	 Ha CWY, Martin A, Sepich-Poore GD et al (2020) Translocation of viable 
gut microbiota to mesenteric adipose drives formation of creeping fat in 
humans. Cell 183(666–683):e17

	7.	 Mao R, Kurada S, Gordon IO et al (2019) The mesenteric fat and intestinal 
muscle interface: creeping fat influencing stricture formation in Crohn’s 
disease. Inflamm Bowel Dis 25:421–426

	8.	 Li Y, Zhu W, Zuo L, Shen B (2016) The role of the mesentery in Crohn’s 
disease: the contributions of nerves, vessels, lymphatics, and fat to the 
pathogenesis and disease course. Inflamm Bowel Dis 22:1483–1495

	9.	 Sheehan AL, Warren BF, Gear MW, Shepherd NA (1992) Fat-wrapping in 
Crohn’s disease: pathological basis and relevance to surgical practice. Br J 
Surg 79:955–958

	10.	 Guedj K, Abitbol Y, Cazals-Hatem D et al (2019) Adipocytes orchestrate 
the formation of tertiary lymphoid organs in the creeping fat of Crohn’s 
disease affected mesentery. J Autoimmun 103:102281

	11.	 Weakley FL, Turnbull RB (1971) Recognition of regional ileitis in the oper-
ating room. Dis Colon Rectum 14:17–23

	12.	 Gu P, Dube S, McGovern DPB (2023) Medical and surgical implications of 
mesenteric adipose tissue in Crohn’s disease: a review of the literature. 
Inflamm Bowel Dis 29:458–469

	13.	 Yin Y, Xie Y, Ge W, Li Y (2022) Creeping fat formation and interaction with 
intestinal disease in Crohn’s disease. United European Gastroenterol J 
10:1077–1084

	14.	 Shelley-Fraser G, Borley NR, Warren BF, Shepherd NA (2012) The connec-
tive tissue changes of Crohn’s disease. Histopathology 60:1034–1044

	15.	 Althoff P, Schmiegel W, Lang G, Nicolas V, Brechmann T (2019) Creeping 
fat assessed by small bowel MRI is linked to bowel damage and abdomi-
nal surgery in Crohn’s disease. Dig Dis Sci 64:204–212

	16.	 Li XH, Feng ST, Cao QH et al (2021) Degree of creeping fat assessed by 
computed tomography enterography is associated with intestinal fibrotic 
stricture in patients with Crohn’s disease: a potentially novel mesenteric 
creeping fat index. J Crohns Colitis 15:1161–1173

	17.	 Bettenworth D, Bokemeyer A, Baker M et al (2019) Assessment of Crohn’s 
disease-associated small bowel strictures and fibrosis on cross-sectional 
imaging: a systematic review. Gut 68:1115–1126

	18.	 Bruining DH, Zimmermann EM, Loftus EV Jr, Sandborn WJ, Sauer CG, 
Strong SA (2018) Consensus recommendations for evaluation, interpreta-
tion, and utilization of computed tomography and magnetic resonance 
enterography in patients with small bowel Crohn’s disease. Radiology 
286:776–799

	19.	 Chiorean MV, Sandrasegaran K, Saxena R, Maglinte DD, Nakeeb A, John-
son CS (2007) Correlation of CT enteroclysis with surgical pathology in 
Crohn’s disease. Am J Gastroenterol 102:2541–2550

	20.	 Sakurai T, Katsuno T, Saito K et al (2017) Mesenteric findings of CT 
enterography are well correlated with the endoscopic severity of Crohn’s 
disease. Eur J Radiol 89:242–248

	21.	 Feng Q, Xu XT, Zhou Y, Yan YQ, Ran ZH, Zhu J (2018) Creeping fat in 
patients with ileo-colonic Crohn’s disease correlates with disease activity 
and severity of inflammation: a preliminary study using energy spectral 
computed tomography. J Dig Dis 19:475–484

	22.	 Noda Y, Tochigi T, Parakh A, Kambadakone A (2021) Simulated twin-phase 
pancreatic CT generated using single portal venous phase dual-energy 
CT acquisition in pancreatic ductal adenocarcinoma. Abdom Radiol (NY). 
https://​doi.​org/​10.​1007/​s00261-​020-​02921-9

	23.	 McCollough CH, Leng S, Yu L, Fletcher JG (2015) Dual- and multi-energy 
CT: principles, technical approaches, and clinical applications. Radiology 
276:637–653

	24.	 Chai Y, Xing J, Gao J et al (2016) Feasibility of virtual nonenhanced images 
derived from single-source fast kVp-switching dual-energy CT in evaluat-
ing gastric tumors. Eur J Radiol 85:366–372

	25.	 Torres J, Mehandru S, Colombel JF, Peyrin-Biroulet L (2017) Crohn’s dis-
ease. Lancet 389:1741–1755

	26.	 Adamina M, Bonovas S, Raine T et al (2020) ECCO Guidelines on thera-
peutics in Crohn’s disease: surgical treatment. J Crohns Colitis 14:155–168

	27.	 Gandhi NS, Dillman JR, Grand DJ et al (2020) Computed tomography and 
magnetic resonance enterography protocols and techniques: survey of 
the Society of Abdominal Radiology Crohn’s Disease Disease-Focused 
Panel. Abdom Radiol (NY) 45:1011–1017

	28.	 Hyodo T, Yada N, Hori M et al (2017) Multimaterial decomposition algo-
rithm for the quantification of liver fat content by using fast-kilovolt-peak 
switching dual-energy CT: clinical evaluation. Radiology 283:108–118

	29.	 Kameda F, Tanabe M, Onoda H et al (2020) Quantification of pancreas fat 
on dual-energy computed tomography: comparison with six-point Dixon 
magnetic resonance imaging. Abdom Radiol (NY) 45:2779–2785

	30.	 Sturm A, Maaser C, Calabrese E et al (2019) ECCO-ESGAR Guideline for 
Diagnostic Assessment in IBD Part 2: IBD scores and general principles 
and technical aspects. J Crohns Colitis 13:273–284

	31.	 Al-Najami I, Lahaye MJ, Beets-Tan RGH, Baatrup G (2017) Dual-energy CT 
can detect malignant lymph nodes in rectal cancer. Eur J Radiol 90:81–88

https://doi.org/10.1007/s00261-020-02921-9


Page 10 of 10Li et al. Insights into Imaging           (2024) 15:10 

	32.	 Yang L, Luo D, Li L et al (2016) Differentiation of malignant cervical lym-
phadenopathy by dual-energy CT: a preliminary analysis. Sci Rep 6:31020

	33.	 Yang CB, Zhang S, Jia YJ et al (2017) Clinical application of dual-energy 
spectral computed tomography in detecting cholesterol gallstones from 
surrounding bile. Acad Radiol 24:478–482

	34.	 Rivera ED, Coffey JC, Walsh D, Ehrenpreis ED (2019) The mesentery, sys-
temic inflammation, and Crohn’s disease. Inflamm Bowel Dis 25:226–234

	35.	 Olivier I, Theodorou V, Valet P et al (2011) Is Crohn’s creeping fat an adi-
pose tissue? Inflamm Bowel Dis 17:747–757

	36.	 Mahmood U, Horvat N, Horvat JV et al (2018) Rapid switching kVp dual 
energy CT: value of reconstructed dual energy CT images and organ 
dose assessment in multiphasic liver CT exams. Eur J Radiol 102:102–108

	37.	 Ippolito D, Lombardi S, Trattenero C, Franzesi CT, Bonaffini PA, Sironi 
S (2016) CT enterography: diagnostic value of 4th generation itera-
tive reconstruction algorithm in low dose studies in comparison with 
standard dose protocol for follow-up of patients with Crohn’s disease. Eur 
J Radiol 85:268–273

	38.	 Uko V, Vortia E, Achkar JP et al (2014) Impact of abdominal visceral 
adipose tissue on disease outcome in pediatric Crohn’s disease. Inflamm 
Bowel Dis 20:2286–2291

	39.	 Buning C, von Kraft C, Hermsdorf M et al (2015) Visceral adipose tissue in 
patients with Crohn’s disease correlates with disease activity, inflamma-
tory markers, and outcome. Inflamm Bowel Dis 21:2590–2597

	40.	 Li Y, Zhu W, Gong J et al (2015) Visceral fat area is associated with a high 
risk for early postoperative recurrence in Crohn’s disease. Colorectal Dis 
17:225–234

	41.	 Thiberge C, Charpentier C, Gillibert A et al (2018) Lower subcutaneous or 
visceral adiposity assessed by abdominal computed tomography could 
predict adverse outcome in patients with Crohn’s disease. J Crohns Colitis 
12:1429–1437

	42.	 Erhayiem B, Dhingsa R, Hawkey CJ, Subramanian V (2011) Ratio of visceral 
to subcutaneous fat area is a biomarker of complicated Crohn’s disease. 
Clin Gastroenterol Hepatol 9:684-687.e681

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	CT energy spectral parameters of creeping fat in Crohn’s disease and correlation with inflammatory activity
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusion 
	Critical relevance statement 
	Key points 

	Introduction
	Materials and methods
	Ethical considerations
	Study participants
	Dual-energy CTE scanning protocol
	Energy spectral reconstructions
	Clinical characteristics of CD
	Image analysis and measurements
	Statistical analysis

	Results
	Participant characteristics
	Measurements of dual-energy parameters
	Assessment of radiation dose

	Discussion
	Acknowledgements
	References


