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Mesenteric abnormalities play an  
important role in grading intestinal fibrosis 
in patients with Crohn’s disease: a computed 
tomography and clinical marker-based 
nomogram
Jixin Meng* , Yitao Mao*, Jie Zhou*, Zhao Chen, Siyun Huang, Yangdi Wang, Li Huang,  
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Abstract
Background: While the grading of intestinal fibrosis is closely related to the therapeutic 
strategy of patients with Crohn’s disease (CD), it has not yet been well resolved. Mesenteric 
abnormalities are inextricably linked to intestinal fibrosis.
Objectives: We aimed to establish an optimal model for assessing intestinal fibrosis using 
computed tomography enterography (CTE) and clinical markers.
Design: A total of 174 patients with CD between January 2014 and June 2020 were included in 
this retrospective multicentre study.
Methods: All patients underwent CTE within 3 months prior to surgery. Intestinal fibrosis was 
pathologically scored as non-mild or moderate-to-severe. Selected imaging of the intestinal 
walls and mesentery and/or clinical factors were used to develop the diagnostic models. The 
area under the receiver operating characteristic curve (AUC) analysis was used to evaluate 
the discrimination performance of the models. A decision curve analysis was performed to 
evaluate the clinical usefulness of the models.
Results: One-, two-, and three-variable models were identified as possible diagnostic models. 
Model 1 [mesenteric creeping fat index (MCFI)], Model 2 (mesenteric oedema and MCFI), 
and Model 3 (mesenteric oedema, MCFI, and disease duration) were established. The AUCs 
of Model 1 in training and test cohorts 1 and 2 were 0.799, 0.859, and 0.693, respectively; 
Model 2 was 0.851, 0.833, and 0.757, respectively; and Model 3 was 0.832, 0.821, and 0.850, 
respectively. We did not observe any significant difference in diagnostic performance between 
the training and total test cohorts in any model (all p > 0.05). The decision curves showed that 
Model 3 had the highest net clinical benefit in test cohort 2. The nomogram of this optimal 
model was constructed by considering the favourable and robust performance of Model 3.
Conclusion: A nomogram integrating mesenteric abnormalities on CTE with a clinical marker 
was optimal for differentiating between non-mild and moderate-to-severe fibrosis in patients 
with CD.

Keywords:  computed tomography enterography, Crohn’s disease, fibrosis, mesentery, 
nomogram

Received: 1 April 2022; revised manuscript accepted: 26 July 2022.

Correspondence to: 
Xuehua Li 
Department of Radiology,  
The First Affiliated 
Hospital, Sun Yat-sen 
University, 58 Zhongshan II 
Road, Guangzhou 510080, 
People’s Republic of 
China. 
lxueh@mail.sysu.edu.cn

Shaochun Lin 
Department of Radiology, 
The First Affiliated 
Hospital, Sun Yat-sen 
University, 58 Zhongshan II 
Road, Guangzhou 510080, 
People’s Republic of China
lshchun@mail.sysu.edu.cn

Jixin Meng 
Siyun Huang 
Yangdi Wang 
Li Huang 
Ruonan Zhang 
Xiaodi Shen 
Wen Lv 
Canhui Sun 
Ziping Li 
Shi-Ting Feng 
Department of Radiology, 
The First Affiliated 
Hospital, Sun Yat-sen 
University, Guangzhou, 
People’s Republic of China

Yitao Mao 
Juxiong Xiao 
Department of Radiology, 
Xiangya Hospital, 
Central South University, 
Changsha, Hunan, 
People’s Republic of China

Jie Zhou 
Department of Radiology, 
The Sixth Affiliated 
Hospital, Sun Yat-sen 
University, Guangzhou, 
People’s Republic of China

Zhao Chen 
Department of Medical 
Imaging Center, Nan Fang 
Hospital, Southern Medical 
University, Guangzhou, 
People’s Republic of China

1122504 TAG0010.1177/17562848221122504Therapeutic Advances in GastroenterologyJ Meng, Y Mao
research-article20222022

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tag


Volume 15

2	 journals.sagepub.com/home/tag

Therapeutic Advances in 
Gastroenterology

Introduction
As an important complication of Crohn’s disease 
(CD), moderate-to-severe fibrosis-predominant 
intestinal stricture contributes to refractory intes-
tinal obstruction, which often requires surgical 
treatment1 whereas the obstruction symptoms 
caused by non-mild fibrosis-dominated intestinal 
stenosis can often be relieved by medical treat-
ment.2,3 Hence, the ability to distinguish the 
degree of strictured intestinal fibrosis to guide the 
individualized treatment of patients with CD in 
clinical practice is vitally important and urgent.

Computed tomography enterography (CTE) is 
one of the most common and effective tools for 
detecting and monitoring bowel disease in patients 
with CD.4 However, previous studies have sug-
gested that the conventional CTE findings ana-
lysed by radiologists had no correlation with 
intestinal fibrosis, indicating the inefficiency of 
CTE for evaluating intestinal fibrosis.5 The reason 
for this disappointing conclusion may be that most 
previous studies only focused on the characteris-
tics of the diseased intestine and paid less atten-
tion to the potential value of the mesentery.

Creeping fat (CF) is an expansion of the mesen-
teric adipose tissue that wraps around the mesen-
teric side of the affected intestinal walls in CD; 
CF was first proposed in 1932 but was not taken 
seriously as a trait of CD until recently.6,7 In 
recent years, an increasing number of studies 
have shown that CF is closely related to intestinal 
fibrotic stenosis in CD at the gross level.7–9 In 
general, the most intuitive way to observe the 
morphology and extent of CF entanglement 
around a diseased intestine is through surgery 
and pathology. Our recent research showed that 
the novel mesenteric creeping fat index (MCFI) 
could accurately characterize the range of CF 
wrapped around the intestine and that the CF 
represented by MCFI was significantly positively 
correlated with collagen fibre deposition and 
smooth muscle hyperplasia/hypertrophy within 
the intestinal walls in CD patients.10 However, 
intestinal fibrosis is a complex pathological pro-
cess caused by multiple factors, and the effective-
ness of MCFI as a single parameter for identifying 
intestinal fibrosis remains limited. This issue may 
be better addressed by selecting efficient factors 
to construct a multiparameter diagnostic model 
from various candidate factors, such as CTE signs 

in the intestinal tract and mesentery, as well as 
clinical markers.

This study compared the diagnostic efficacy of 
three models that included mesenteric CTE find-
ings and/or clinical indicators in the evaluation of 
intestinal fibrosis, with the aim of developing an 
optimal diagnostic nomogram for an intuitive and 
quantitative evaluation of the degree of intestinal 
fibrosis in patients with CD.

Methods

Patients and data cohorts
A total of 174 consecutive patients with CD 
underwent surgery between January 2014 and 
June 2020 at Centre 1 (the First Affiliated 
Hospital of Sun Yat-sen University), Centre 2 
(the Sixth Affiliated Hospital of Sun Yat-sen 
University), and Centre 3 (Nanfang Hospital of 
Southern Medical University). The inclusion cri-
teria for patients were as follows: (1) patients 
diagnosed with CD by clinical examination, radi-
ology, endoscopy, and pathology; (2) patients 
who underwent CTE examination within 
3 months before surgery; (3) patients’ intestinal 
segments corresponded to a matching location 
on surgical specimens with available CTE 
images; and (4) patients had complete clinical, 
laboratory, pathological, and imaging data. The 
exclusion criteria were as follows: (1) patients 
with a history of enterectomy, (2) patients with 
an unclear display of mesenteric fat tissue adja-
cent to the diseased bowel walls due to penetrat-
ing lesions, or (3) patients who underwent 
emergency CT examination without enhance-
ment. The surgical indications included refrac-
tory intestinal obstructions, fistulas, abscesses, or 
bowel perforations.

Of the 214 patients who met the inclusion crite-
ria, 40 were excluded, resulting in a final enrol-
ment of 174 patients (Figure 1). The first 91 
patients in Centre 1 were assigned to the training 
cohort, while the other 30 patients in Centre 1 
were assigned to the test cohort 1; 35 patients in 
Centre 2 and 18 patients in Centre 3 were 
assigned to the external test cohort 2.

Clinical markers, including age, sex, disease dura-
tion (months), time interval between CTE and 
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surgery (days), history of smoking, and preopera-
tive use of drugs were collected from the hospital 
information system.

Location matching of the affected intestinal 
wall between CTE and the gross specimen
We adopted a region-to-region positioning 
approach between the CTE and gross speci-
men.10–12 Location matching was performed by a 
radiologist with 29 years of imaging experience 
(C.S.) in the imaging diagnosis of gastrointesti-
nal diseases and a gastrointestinal surgeon (Z.C.) 
with 10 years of CD bowel resection experience, 
referring to data (e.g. location, morphology, and 
length of target bowel segment) extracted from 
the surgical or pathology report for the retro-
spective collection cases, or based on the ana-
tomical landmarks (e.g. the ileocecal valve, 
appendix) and lesion characteristics (e.g. intesti-
nal stenosis, fistulas, and abscesses) observed in 
the operating room for prospective collection 
cases, according to our previous research 
methods.13

Pathological score of intestinal fibrosis
The full-thickness intestinal walls where the 
lumen was the narrowest and/or the intestinal 
wall was thickest were taken from each patient, 
fixed in formalin solution, embedded in paraffin, 
and cut into 4 μm-thick slices, and then Masson 
trichrome staining was used to determine the 
fibrosis score. A pathologist (Z.Y.) with 12 years’ 
experience in the pathological diagnosis of gastro-
intestinal diseases, blinded to the patient’s clinical 
data, laboratory examination, or CTE data, per-
formed semiquantitative fibrosis scoring scaled 
between 0 and 4 points (as shown in Supplemental 
Table 1) according to the most obvious lesions on 
slides.5 Scores of 0–2 were classified as non-mild 
fibrosis, and 3 and 4 were considered moderate-
to-severe fibrosis.13

CTE analysis
All patients underwent a preoperative CTE 
examination (CTE protocols are shown in the 
Supplemental Materials). The CTE findings of 
the affected gut were evaluated by the radiologist 

Figure 1.  Patient enrolment flowchart.
CD, Crohn’s disease; CT, computed tomography.
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(J.M.) who was blinded to the pathological fibro-
sis scores and had 4 years of experience in diag-
nostic imaging of CD using RadiAnt DICOM 
Viewer (Version 2020.2.1, Medixant company, 
Poznan, Poland).

Intestinal stricture on CTE was defined as a 
thickening of the affected intestinal wall of more 
than a 25% and a narrowing of the lumen of less 
than 50% compared with the adjacent well-filled 
normal bowel.3 CTE findings included intestinal 
and mesenteric features (Table 1 and 
Supplemental Table 2).

Intestinal features.  Enhancement patterns of the 
intestinal walls from the arterial to venous phase 
were classified into three types: continuous lay-
ered enhancement, from layered to transmural 
enhancement, and continuous transmural 
enhancement. The thickness of the thickest bowel 
wall and its luminal diameter were measured 
using a standard cross-section of the affected 

segments. Prestenotic dilatation was defined as 
the proximal lumen diameter of the narrow bowel 
greater than 3 cm.

Mesenteric features.  The MCFI was recon-
structed and calculated for the target bowel seg-
ments using the approach reported in our previous 
study.10 First, the enhanced CTE images were 
reconstructed using multiplanar reconstruction, 
and the cross-position lines were adjusted parallel 
and perpendicular to the long axis of the target 
bowel on the RadiAnt DICOM Viewer. Then, 
maximum intensity projection was performed to 
evaluate the range of mesenteric vessels covering 
the intestine in the standard axial position of the 
target intestine. A circle was made along the 
external margin of the intestinal wall, centred on 
the midpoint of the intestinal lumen, and divided 
into eight equal parts according to the central 
angle. The number of mesenteric vessels covering 
eight equal parts comprised the MCFI score, 
which ranged from 1 to 8 points.

Table 1.  Definition, images and grading of the selected mesenteric CTE findings.

CTE findings Definition Images and grading 

Mesenteric features

MCFI An imaging index 
that indirectly 
describes the 
degree of CF 
wrapping around 
the gut using 
the mesenteric 
vessels and 
scoring from 1 
to 8.

 

  Score 2 Score 5  

Mesenteric 
oedema

A general 
increase in the 
attenuation of 
mesenteric fat.

  None Mild Moderate-to-severe

In each image, white arrows or red lines indicate CTE findings.
CF, creeping fat; CTE, computed tomography enterography; MCFI, mesenteric creeping fat index.
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The fibrofatty proliferation score was evaluated 
according to the degree of mesenteric fat increase 
around the affected intestine and the degree of 
displacement of the adjacent intestine. A score of 
0–2 points corresponded to none, mild, and mod-
erate-to-severe, respectively.10,14

The comb sign was defined as the dilation and cur-
vature of the mesenteric vessels of the diseased 
bowel, which were arranged in a comb shape.15 
Absence of the comb sign was recorded as a score of 
0. A mesenteric vessel diameter increase of not more 
than two times the normal was considered mild 
(score 1), and that more than two times the normal 
was considered moderate-to-severe (score 2).14

Mesenteric effusion was defined as a collection of 
free mesenteric fluid.16 The absence of mesen-
teric effusion was recorded as a score of 0. The 
largest vertical distance from the mesenteric effu-
sion to the mesenteric side of the affected intesti-
nal walls less than 15 mm was mild (score 1) and 
that longer than 15 mm was moderate-to-severe 
(score 2).17

Mesenteric oedema was defined as a general 
increase in the attenuation of mesenteric fat.16 
The severity of mesenteric oedema was graded as 
none (score 0) if absent, mild (score 1) if there 
was a minimal wispy increase in the attenuation 
of mesenteric adipose tissue, or moderate-to-
severe (score 2) if the increase in attenuation was 
more than minimal.17

Increased peri-intestinal lymph nodes were also 
considered a finding of abnormal mesentery.18 A 
finding of more than three peri-intestinal lymph 
nodes was considered positive (score 1); other-
wise, it was considered negative (score 0).

Based on the pixel number of CTE images, the 
visceral to subcutaneous fat area ratio at the levels 
of the third lumbar (L3) and fourth lumbar (L4) 
vertebral bodies was automatically measured and 
calculated using fat assessment software at the 
Vitrea workstation (Canon Medical System, 
Otawara, Japan), which was operated by a radiolo-
gist (L.H.) with 8 years of experience in abdomi-
nal imaging diagnosis who was blinded to the 
pathological information.19 In addition, intestinal 
fistulas and perienteric abscesses were evaluated.

In order to test the intra-/interobserver consisten-
cies of some subjective mesenteric signs, 50 

patients were randomly selected from the total 
test cohort for re-evaluation by two radiologists 
(J.M. and S.H.) at a time interval greater than 
3 months.

Variable selection and the development of 
diagnostic models in the training cohort
There were 18 pre-specified imaging and clinical 
variables in our dataset; one of them (enhance-
ment pattern) was a disorderly classified variable, 
which needed to be expanded to three dummy 
variables. Thus, 20 variables were included in this 
dataset.

For the training cohort, the sample size of the 
smaller group (cases with non-mild fibrosis) 
included 31 patients. To avoid overfitting the 
model, the number of variables in the model 
should not exceed three (31÷10), according to 
the rule of 10 events per variable.20 Therefore, 
one-, two-, or three-variable models were consid-
ered for this study. Thus, 20 (C20

1 ),  190 (C20
2 ),  

and 1039 [([C20
3 −1)] models were tested for each 

type. One was subtracted from 1040 (C20
3 )  for 

the three-variable models because the linear equa-
tion with a matrix of the three dummy variables 
was mathematically unsolvable; therefore, this 
model was excluded. Thus, there may be 20 uni-
variate, 190 bivariate, and 1039 tri-variate 
models.

Akaike’s information criterion (AIC, for compari-
son of different models and determining which 
one is the best for the data; lower AIC scores are 
better) was used as the index for evaluating the 
goodness-of-fit of the models.21 The models with 
the best goodness-of-fit (minimum AIC score) in 
three possible combinations were selected as 
Models 1, 2, and 3 using the sweeping method, 
which sweeps all possible combinations of varia-
bles to select the optimum model for each type of 
model, and the model with the lowest AIC score 
was selected. This sweeping method guaranteed 
that all possible variable combinations were 
assessed; otherwise, some combinations of varia-
bles might be neglected, and considerable overes-
timation of regression coefficients might occur for 
the selected predictors when using the traditional 
backward stepwise selection method.22

Univariate and multivariate logistic regression 
analyses were used to establish the models. The 
area under the receiver operating characteristics 
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(ROC) curve (AUC) analysis was used to evalu-
ate the discrimination performance of the models 
in the training cohort.

Validation of the diagnostic models and 
nomogram construction
ROC curve analysis was used to evaluate the dis-
crimination performance of models in test cohorts 
1 and 2. The DeLong test was then applied for 
performance comparison between the training 
and test cohorts of each model.23

To evaluate the clinical usefulness of these mod-
els in test cohorts, decision curve analysis (DCA), 
an appropriate approach for the evaluation of 
multiple diagnostic strategies with the advantages 
of other common methods, was implemented by 
quantifying the net benefits for a range of thresh-
old probabilities.24

The discrimination performance and clinical 
practicability of the three models were compre-
hensively evaluated, and the optimal model was 
selected for nomogram construction.

Statistical analysis
All statistical analyses in the present study were 
conducted using SPSS (Version 20.0, 
International Business Machines Corporation, 
Armonk, NY, USA) and R software (version 
3.5.1, http://www.Rproject.org). The Shapiro–
Wilk test was used to test whether the measure-
ment data were normally distributed. Student’s t 
test was used for those with a normal distribution, 
and the results are expressed as mean ± standard 
deviation; otherwise, the Mann–Whitney U test 
was used, and the results are expressed as the 
median (upper quartile, lower quartile). 
Categorical variables are expressed as percentages 
and frequencies. Comparisons of categorical vari-
ables between the training and total test cohorts 
were performed using the Chi-squared test or 
Fisher’s exact test. All statistical tests were two-
sided and the threshold probability (p) of statisti-
cal significance was set at 0.05.

Results

Patients’ characteristics
Only specimens with the most pronounced stric-
ture and/or the thickest intestinal wall in each 

patient were recruited. A total of 44 intestinal 
segments with non-mild fibrosis and 130 seg-
ments with moderate-to-severe fibrosis were 
included. The clinical data, pathological fibrosis 
scores, and selected CTE findings in the training 
and test cohorts are shown in Table 2. Except for 
the pathological fibrosis score and CTE findings, 
we observed no significant statistical difference in 
other parameters between the training and total 
test cohorts (all p > 0.05).

Valuable variables confirmation
The AIC values for each type of model are shown 
in Figure 2(a). Models with the best goodness-of-
fit (namely the minimum AIC score) of 93.84 for 
univariate model, 92.24 for bivariate model, and 
91.14 for tri-variate model were selected. The 
corresponding variable combinations in each 
model type were Model 1 (MCFI), Model 2 
(mesenteric oedema and MCFI), and Model 3 
(mesenteric oedema, MCFI, and disease dura-
tion). There were moderate to good intra-/inter-
observer consistencies for the evaluation of 
MCFI, mesenteric oedema, mesenteric effusion, 
comb sign, and fibrofatty proliferation score 
(κ = 0.777–0.863, all p < 0.001).

Development and validation of the diagnostic 
models
The univariate or multivariate logistic regression 
analysis formulas of Models 1, 2, and 3 are as 
follows:

Model 1: Logit P = −2.655 + 0.884 × MCFI,

Model 2: Logit P = −3.030 + 0.787 × MCFI + 0.638 ×   
mesenteric oedema,

Model 3: Logit P = −3.734 + 0.847 × MCFI + 0.691 ×  
mesenteric oedema + 0.008 × disease duration.

The AUCs of Models 1, 2, and 3 for the training 
and test cohorts are presented in Table 3. The 
AUCs of Model 1 in the training cohort and test 
cohorts 1 and 2 were 0.799 (p < 0.001), 0.859 
(p = 0.001), and 0.693 (p = 0.264), respectively; 
the AUCs of Model 2 were 0.851 (p < 0.001), 
0.833 (p = 0.001), and 0.757 (p = 0.138), respec-
tively; and the AUCs of Model 3 were 0.832 
(p < 0.001), 0.821 (p = 0.004), and 0.850 
(p = 0.043), respectively [Figure 2(b)–(d)]. The 
DeLong test showed no significant difference in 
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Table 2.  Characteristics of patients with CD in training and test cohorts.

Test cohort p*

  Training cohort Total test 
cohort (n = 83)

Test cohort 1 Test cohort 2

  Centre 1# (n = 91) Centre 1# (n = 30) Centre 2# (n = 35) Centre 3# (n = 18)

Age^, years 31.92 ± 10.68 31 (26, 39) 29.50 (23, 39) 31.77 ± 10.29 35.5 (28.50, 39.50) 0.593

Gender, n (male/female) 66/25 59/24 21/9 25/10 13/5 0.833

Disease duration, months 36 (12, 65) 48 (12, 72) 48 (12, 72) 57 (29, 96) 18 (7.50, 39) 0.316

Time interval between CTE 
and surgery, days

14.5 (10, 29.25) 14 (10, 25) 23 (11.75, 48.25) 14 (11, 22) 10 (6.75, 14.25) 0.400

Smoking, n (%) 17 (18.68%) 15 (18.07%) 7 (23.33%) 1 (2.86%) 7 (38.89%) 0.918

History of preoperative therapies, n (%)

  Biologics 15 (16.48%) 15 (18.07%) 5 (16.67%) 10 (28.57%) 0 0.782

  Corticosteroids 10 (10.99%) 17 (20.48%) 6 (20%) 7 (20%) 4 (22.22%) 0.094

  Immunomodulator 29 (31.87%) 48 (57.83%) 21 (70%) 18 (51.43%) 9 (50%) 1.000

Pathological fibrosis score, n 
(non-mild/moderate-severe)

31/60 13/70 10/20 2/33 1/17 0.005

Mesenteric oedema, n (%) 0.038

  None 25 (27. 47%) 11 (13.25%) 5 (16.67%) 6 (17.14%) 0  

  Mild 26 (28.57%) 35 (42.16%) 11 (36.67%) 20 (57.14%) 4 (22.22%)  

  Moderate-to-severe 40 (43.95%) 37 (44.57%) 14 (46.67%) 9 (25.71%) 14 (77.78%)  

MCFI, median (IQR) 4 (3, 6) 3 (2, 4) 3 (2, 6) 4 (3, 5) 2.5 ± 1.20 0.008

  1 2 (2.20%) 6 (7.23%) 1 (3.33%) 1 (2.86%) 4 (22.22%)  

  2 18 (19.78%) 22 (26.51%) 8 (26.67%) 8 (22.86%) 6 (33.33%)  

  3 10 (10.99%) 21 (25.30%) 8 (26.67%) 9 (25.71%) 4 (22.22%)  

  4 31 (34.07%) 18 (21.69%) 5 (16.67%) 10 (28.57%) 3 (16.67%)  

  5 5 (5.49%) 4 (4.82%) 0 3 (8.57%) 1 (5.56%)  

  6 21 (23.08%) 12 (14.46%) 7 (23.33%) 5 (14.29%) 0  

  7 4 (4.40%) 2 (2.41%) 1 (3.33%) 1 (2.86%) 0  

  8 0 1 (1.20%) 0 1 (2.86%) 0  

#Centre 1, The First Affiliated Hospital of Sun Yat-Sen University; Centre 2, The Sixth Affiliated Hospital of Sun Yat-Sen University; Centre 3,  
Nanfang Hospital of Southern Medical University.
*Comparison of the differences between the training and total test cohorts.
^The results are expressed as mean ± standard deviation or median (upper quartile, lower quartile) depending on whether the data fit a normal 
distribution.
CD, Crohn’s disease; CTE, computed tomography enterography; IQR, interquartile range; MCFI, mesenteric creeping fat index.
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the diagnostic performance between the training 
and total test cohorts in each model (all p > 0.05). 
Compared to Models 1 and 2, only Model 3 
showed robust and satisfactory AUCs for diag-
nosing bowel fibrosis in all cohorts.

The DCA curves for the three models in the test 
cohorts are presented in Figure 2(e) and (f). It 
was visually inferred from graphs that the opti-
mum cut-off probabilities of the three models 
were all located in the range of ‘useful’ threshold 
probabilities (between 45% and 93%). Compared 
to Models 1 and 2, Model 3 showed the highest 
net clinical benefit in test cohort 2, although this 
advantage was not evident in test cohort 1.

Nomogram construction
Considering the above-mentioned overall excellent 
diagnostic performance of Model 3, it was selected 

as the optimal model for differentiating between 
non-mild and moderate-to-severe fibrotic intestinal 
strictures in patients with CD. Subsequently, the 
nomogram of Model 3 was developed for better 
clinical use. Cases for distinguishing affected bowel 
walls with non-mild or moderate-to-severe fibrosis 
in patients with CD using this nomogram are 
shown in Figure 3. The three parameters in this 
model corresponded to one score, and the sum of 
the three scores was the total score for each case. 
This total score corresponded to the probability of 
the affected intestinal wall with moderate-to-severe 
fibrosis predicted by Model 3.

Discussion
This study showed that Model 3 (MCFI, mesen-
teric oedema, and disease duration) had the most 
satisfactory clinical practicability and optimal per-
formance for differentiating between non-mild and 

Figure 2.  The screening process of models and the diagnostic performances of the optimum models in one predictor, two 
predictors, and three predictors sets. Image (a) shows the AIC scores of the models with one variable, two variables, and three 
variables sets, respectively. The red, green, and blue solid lines shown in image (a) represent the AIC scores of 20 univariate, 
190 bivariate, and 1039 tri-variate models, respectively. The lowest point of each line indicates that the AIC value in this set is the 
smallest, corresponding to the optimal model of each set, which is Model 1, 2, or 3 separately. Images (b–d) show the receiver 
operating characteristic curves of Model 1 (b), which includes MCFI only; and Model 2 (c), which includes mesenteric oedema and 
MCFI; and Model 3 (d), which includes mesenteric oedema, MCFI, and disease duration. The green, blue, and red lines shown 
in images (b–d) represent the training cohort, test cohort 1, and test cohort 2, respectively. Images (e) and (f) show the decision 
curves of Models 1, 2, and 3 in test cohort 1 (e) and test cohort 2 (f). The red, green, and blue solid lines shown in images (e) and (f) 
represent the Models 1–3, separately.
Model 1 (MCFI), Model 2 (mesenteric oedema and MCFI), and Model 3 (mesenteric oedema, MCFI, and disease duration).
AIC, Akaike’s information criterion; AUC, area under the receiver operating characteristic curve; MCFI, mesenteric creeping fat index.
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moderate-to-severe fibrotic intestinal strictures in 
patients with CD compared with the other two 
models. Moreover, the diagnostic performance of 
Model 3 was stable among the three multicentre 
cohorts. Thus, we constructed a nomogram for 
Model 3 to visualize and quantify intestinal fibro-
sis, which made it feasible for wide and easy use in 
clinical practice. Notably, in the many candidate 
CTE features, only the mesenteric signs, rather 
than the bowel signs, were selected in the models, 
suggesting that information from the mesentery 
(such as CF) may be of greater diagnostic value for 
the evaluation of intestinal fibrosis.

Compared with Models 1 and 2, Model 3 showed 
a similar or superior diagnostic performance for 
the evaluation of intestinal fibrosis in patients 
with CD in the training cohort and the two test 
cohorts, and Model 3 also showed an equivalent 
or higher net clinical benefit for the two test 
cohorts. The better diagnostic performance of 
Model 3 might be because it was a comprehensive 
model that included not only more imaging fea-
tures but also a clinical marker. Hence, more 
information can be captured to address this issue. 
It was widely accepted that CTE findings do not 
correlate with bowel fibrosis in CD.5 In a paediat-
ric CD study, the diagnostic accuracy of CTE for 
evaluating intestinal fibrosis was only 55.6%, 
which was far less effective than that of Model 3.25 
One of the possible reasons for the low accuracy 
of this prior study was that it mainly focused on 
the intestinal features and did not pay close atten-
tion to the mesentery. Conventional CTE bowel 
features cannot satisfactorily characterize bowel 
fibrosis unless novel image analysis methods are 
employed, such as radiomics or deep learning.13,26 
Contrarily, our study attached great importance 
to abnormalities of the mesentery. We analysed 
not only many conventional mesenteric findings, 

such as the comb sign and mesenteric oedema, 
but also the degree of CF wrapping around the 
inflamed gut (i.e. MCFI). This new analytical 
perspective gave us an encouraging result. In 
order to clinically generalize Model 3, we con-
structed a nomogram for Model 3. As shown in 
Figure 3(a), the three parameters corresponded 
to one score, and the sum of these scores was 
81.25, with a prediction probability of the affected 
intestinal wall with moderate-to-severe fibrosis of 
78%. These three parameters can be easily 
obtained from routine CTE images or medical 
history of patients and the prediction result was 
consistent with the pathological finding, indicat-
ing its feasibility and high efficacy.

Mesenteric adipose tissue, particularly CF, has 
recently been considered to play an important 
role in the pathogenesis of bowel fibrosis in CD.27 
Gastrointestinal surgeons have often observed 
that bowel fibrotic strictures and CF are topo-
graphically coupled in CD.28 Significant abnor-
malities were also found in the mesenchymal 
tissue of CF, which was similar to the mesenchy-
mal lesions in the submucosa of intestinal walls in 
patients with CD.29,30 The CF connective tissue 
was continuous with the serosa of the diseased 
intestinal wall and extended into its longitudinal 
muscle layer.28 Furthermore, the mesentery and 
intestine may function synergistically, with the 
mesentery acting as a connective tissue between 
different parts of the intestine.31 The above stud-
ies suggest that there is a direct interaction 
between CF and intestinal lesions in CD and can 
explain why CF (i.e. MCFI) has the potential to 
characterize intestinal fibrosis. In our previous 
study, MCFI was reported to be associated with 
intestinal collagen fibre deposition and smooth 
muscle hyperplasia/hypertrophy.10 The higher the 
MCFI, that is, the wider the range of CF 

Table 3.  The AUCs of the three selected models in training and test cohorts.

Model 1 Model 2 Model 3

  Training  
cohort

Test  
cohort 1

Test  
cohort 2

Training 
cohort

Test  
cohort 1

Test  
cohort 2

Training 
cohort

Test  
cohort 1

Test  
cohort 2

AUC 0.799 0.859 0.693 0.851 0.833 0.757 0.832 0.821 0.850

95% CI 0.708–0.890 0.686–1.000 0.451–0.935 0.769–0.933 0.655–1.000 0.567–0.946 0.744–0.920 0.643–0.998 0.700–1.000

p <0.001 0.001 0.264 <0.001 0.003 0.138 <0.001 0.004 0.043

Model 1 (MCFI), Model 2 (mesenteric oedema and MCFI), and Model 3 (mesenteric oedema, MCFI, and disease duration).
AUC, area under the receiver operating characteristics curve; 95% CI, 95% confidence interval; MCFI, mesenteric creeping fat index.
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Figure 3.  Nomogram for Model 3. The total points of mesenteric oedema, MCFI, and disease duration score of the affected bowel 
segment corresponding to its prediction probability of moderate-to-severe fibrosis are shown. Image (a) shows a case with mild 
mesenteric oedema, five eighths of mesenteric vessels surrounding the affected intestine, and 9 months of disease duration, with a 
total score of 81.25. The probability of an intestinal wall with moderate-to-severe fibrosis predicted by Model 3 was 0.78. The image 
on the lower right shows Masson’s trichrome staining (0.31×) of the intestinal wall with a pathological fibrosis score of 4, indicating 
moderate-to-severe fibrosis. Image (b) shows a case with no mesenteric oedema, two eighths of mesenteric vessels surrounding the 
affected intestine, and 120 months of disease duration, with a total score of 35. The probability of the intestinal wall with moderate-
to-severe fibrosis predicted by Model 3 was 0.25. The image on the lower right shows Masson’s trichrome staining (0.66×) of the 
intestinal wall with a pathological fibrosis score of 2, indicating non-mild fibrosis.
MCFI, mesenteric creeping fat index.
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wrapping the affected bowel, the higher the risk of 
moderate-to-severe fibrotic stenosis.10 The effi-
cacy of the MCFI for the diagnosis of bowel 
fibrosis in the present study was consistent with 
that of a previous study.10 Mesenteric oedema is a 
common imaging feature of the mesentery in CD 
that reflects severe intestinal inflammation or 
might be used as a predictor for bowel resec-
tion.32,33 Given that intestinal inflammation 
always coexists with bowel fibrosis, especially in 
CD patients with long disease courses, mesen-
teric oedema and disease course might be able to 
indirectly suggest the presence of moderate-to-
severe intestinal fibrosis.12,25

Our study had some limitations. First, because 
surgical specimens were used as the reference 
standard for more severe disease, only a small 
sample of intestinal segments with non-mild fibro-
sis were enrolled in this study. The efficacy of 
Model 3 in assessing intestinal fibrosis at an earlier 
stage of CD needs to be further clarified. Second, 
this study was retrospective, and future multicen-
tre validation on prospective cohorts with a large 
sample size would enhance its conclusion.

In conclusion, the nomogram of Model 3, which 
combined mesenteric abnormalities on CTE with 
a clinical marker, was highly interpretable for the 
differentiation of non-mild and moderate-to-
severe fibrotic intestinal strictures, providing val-
uable and intuitive information for tailored 
treatment in patients with CD.
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