
Xiong et al. BMC Medicine          (2024) 22:441  
https://doi.org/10.1186/s12916-024-03669-5

RESEARCH ARTICLE Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, 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 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. 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-nc-nd/4.0/.

BMC Medicine

Enhancing radiologist’s detection: 
an imaging-based grading system 
for differentiating Crohn’s disease 
from ulcerative colitis
Ziman Xiong1†, Yan Zhang2†, Peili Wu3†, Jun Chen4, Yaqi Shen1*  , Ihab Kamel5, Xianying Zheng6, 
Bing Wu2† and Zhen Li1† 

Abstract 

Background Delayed diagnosis of inflammatory bowel disease (IBD) is common, there is still no effective imaging 
system to distinguish Crohn’s Disease (CD) and Ulcerative Colitis (UC) patients.

Methods This multicenter retrospective study included IBD patients at three centers between January 2012 and May 
2022. The intestinal and perianal imaging signs were evaluated. Visceral fat information from CT images was extracted, 
including the ratio of visceral to subcutaneous fat volume (VSR), fat distribution, and attenuation values. The valuable 
indicators were screened out in the derivation cohort by binary logistic regression and receiver working curve (ROC) 
analysis to construct an imaging report and data system for IBD (IBD-RADS), which was tested in the validation cohort.

Results The derivation cohort included 606 patients (365 CD, 241 UC), and the validation cohort included 155 
patients (97 CD, 58 UC). Asymmetric enhancement (AE) (OR = 87.75 [28.69, 268.4]; P < 0.001), perianal fistula (OR = 4.968 
[1.807, 13.66]; P = 0.002) and VSR (OR = 1.571 [1.087, 2.280]; P = 0.04) were independent predictors of CD. VSR improved 
the efficiency of imaging signs (AUC: 0.929 vs. 0.901; P < 0.001), with a threshold greater than 0.97 defined as visceral 
fat predominance (VFP). In IBD-RADS, AE was the major criterion, VFP and perianal fistula were auxiliary criteria, 
and intestinal fistula, limited small bowel disease, and skip distribution were special favoring items as their 100% 
specificity. Grade 3 to 5 correctly classified most CD patients (derivation: 96.5% (352/365), validation: 98.0% (95/97)), 
and 98% of those were eventually diagnosed with CD (derivation: 97.8% (352/360), validation: 98.0% (95/97)).

Conclusions IBD-RADS can help radiologists distinguish between CD and UC in patients with suspected IBD.
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Background
Inflammatory bowel disease (IBD) is a recurrent chronic 
intestinal inflammatory condition, mainly including 
Crohn’s disease (CD) and ulcerative colitis (UC). The 
worldwide prevalence of IBD continues to rise, affect-
ing an estimated seven million individuals [1]. Diagnosis 
difficulties, especially in early stages with intermittent 
symptoms, may lead to underestimation of actual cases. 
Delayed diagnosis is common, with reports indicating 
approximately 10% of patients endured gastrointestinal 
symptoms for at least five years before confirmation [2]. 
Long-term accumulation of inflammation can cause pro-
gressive intestinal damage, thereby elevating the risks of 
strictures, penetrating lesions, and even malignancy [3]. 
The association between delayed diagnosis and increased 
surgery risk has been demonstrated [4]. Moreover, since 
CD and UC differ in disease behavior and burden, CD 
patients usually face greater risks of complications and 
bowel resection, requiring longer hospital stays and 
higher medical costs [5, 6]. Therefore, timely and accu-
rate diagnosis is crucial, as it could potentially lead to 
earlier initiation of biologic therapy and halting disease 
progression.

The diagnosis of IBD currently relies on a comprehen-
sive assessment of the clinical data and various exami-
nation results by a multidisciplinary team. However, 
atypical symptoms, endoscopic limitations, and low 
histological positive rates reduce the reliability of these 
results [7–9]. "Endoscopic Skipping," as was previously 
described, occurs when endoscopy fails to detect proxi-
mal small bowel inflammation or inflammation confined 
to the intestinal wall [8, 10]. A study including 1,471 CD 
patients found that 8% had ileal active lesions detect-
able only by computed tomography and magnetic reso-
nance enterography (CTE/MRE), suggesting that imaging 
severity should be considered when discrepancies exists 
between radiology and ileoscopy [11]. These findings 
demonstrate the value of radiological findings in the 
early detection of IBD. Notably, compared to endoscopic 
mucosal healing, achieving transmural healing as seen on 
cross-sectional imaging is increasingly recognized as a 
more important treatment goal in CD, reflecting a deeper 
and more comprehensive response to therapy [12]. CTE/
MRE is routinely used in current guidelines to assess dis-
continuous segmental lesions, ulcers, and fistulas, com-
plementing endoscopic and histological findings [13]. 
In addition to displaying intestinal and extraintestinal 
lesions, CTE/MRE also provides anatomic information 
that can be used for body composition analysis [14, 15]. 
Previous studies have successfully utilized radiological 
features extracted from visceral adipose tissue (VAT) to 
distinguish CD from UC [16]. Additionally, VAT quan-
titative parameters obtained by CTE are related to more 

complex behavior and worse prognosis in IBD [15, 17, 
18]. Nonetheless, the previous complex analysis, espe-
cially in differentiating IBD subtypes, and the lack of 
interpretation of intestinal lesions in CT images, has hin-
dered the adoption of the aforementioned conclusions in 
clinical practice.

Currently, established imaging reporting and grading 
systems, such as LI-RADS for the liver [19], BI-RADS for 
the breast [20], and PI-RADS for the prostate [21], have 
significantly enhanced disease recognition and diagnos-
tic interpretation by radiologists. Developing a similar 
grading system for IBD patients, like IBD-RADS, would 
further leverage the strengths of cross-sectional imaging 
in detecting inflammation confined to the intestinal wall, 
aligning with current diagnostic and therapeutic goals. 
Additionally, integrating it into clinical workflows would 
enable radiologists to focus on critical signs and produce 
more targeted imaging reports for suspected cases. Gas-
troenterologists would also benefit from standardized 
reports, enhancing communication among departments 
and providing crucial evidence, especially in cases with 
atypical endoscopic results. However, such an approach 
is lagging in the diagnosis of IBD. Therefore, the purpose 
of this study was to establish an IBD imaging report and 
data system (IBD-RADS) for the identification of differ-
ent subtypes using the information provided by baseline 
imaging data of IBD patients.

Methods
Ethics statement
The multicenter retrospective study followed the Dec-
laration of Helsinki, analyzed patients with IBD at three 
hospitals in China (Tongji Hospital of Huazhong Univer-
sity of Science and Technology, West China Hospital of 
Sichuan University, and the First Affiliated Hospital of 
Fujian Medical University), and obtained the consent of 
the ethics committee of each institution, where informed 
consent was waived due to the anonymity of the data.

Patient cohorts
We collected two patient cohorts, including a deriva-
tion cohort for IBD-RADs construction and a subse-
quent validation cohort. The derivation cohort included 
IBD patients from three institutions between 2012 and 
2021, and the inclusion criteria were: (a) diagnosis of CD 
or UC determined by a multidisciplinary team based on 
the latest guidelines at the time; (b) patients underwent 
CTE scans on admission; (c) age ≥ 18 years old. Patients 
with incomplete or poor-quality CT images or with his-
tory of previous bowel resection were excluded. Newly 
diagnosed IBD patients between January and May 2022 
were included as the validation cohort, and the inclusion 
and exclusion criteria were consistent with the derivation 
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cohort. The gender, age, height, weight, baseline labora-
tory indicators (C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR) and serum albumin (Alb)) and 
the distribution of intestinal lesions based on imaging, 
endoscopy and histological results were recorded. In a 
prior study [15], we reported on 316 patients in the cur-
rent study. The prior report evaluated the discriminative 
ability of VAT radiomics. The current study included a 
larger dataset, and proposed a grading system with sim-
plified quantitative parameters.

Image acquisition and evaluation
All CTE scans were performed following the latest imag-
ing protocol [22]. Patient fasted for 4–6  h and avoided 
gas-producing liquids, then ingested 1000—1500  ml of 
2.5% mannitol solution before the scan. After pre-con-
trast scanning, a contrast-enhanced CT was performed 
after a rapid bolus of iopromide (Ultravist 370, 370 mg/ 
mL, Bayer Schering Pharma, Berlin, Germany) (1.5 mL/ 
kg) at a rate of 3—5 mL/s, followed by a 20 mL saline flush 
using a power injector. Images were routinely acquired in 
the arterial, intestinal, or portal venous phases.

Two radiologists (Z.X. and Y.L., with 4 years of expe-
rience) independently evaluated images blinded to 
the clinical information. Radiologists evaluated the 
derivation cohort based on their own clinical experi-
ence. They assessed active inflammation of the proxi-
mal small intestine (including jejunum and proximal 
ileum), terminal ileum (TI), and colorectum on CTE, 
using signs such as intestinal wall thickening (≥ 3 mm), 
mucosal enhancement, intestinal stricture (with or 
without upstream intestinal dilatation), and intestinal 
fistula formation [23]. A lesion involving a single seg-
ment was defined as single-segmental lesion, whereas 
lesions involving multiple sites within a single segment 
or those involving multiple segments were defined as 
multi-segmental lesions. Active inflammatory regions 
on CT images that extend continuously along the 
bowel were defined as continuous lesions, and those 
distributed in multiple areas with normal segments in 
between were defined as skip lesions. Moreover, asym-
metric enhancement (AE) of the intestinal wall along 
the mesenteric border, a characteristic finding of CD 
[23], along with the presence of intestinal fistula, were 
recorded as “present” or “absent”, with the assessment 
of AE referencing Figure S1 (Additional file 1: Fig. S1). 
Given the limited resolution of CT images, patients 
with suspected IBD at participating institutions have 
routinely undergone pelvic MRI upon admission to 
assess for perianal lesions since 2016. Therefore, for 
patients who have undergone MRI scans, pelvic MRI 
scans were used to confirm the presence of peri-
anal fistula, characterized by a hyperintensity track on 

T2-weighted sequences, regardless of fat suppression, 
that is connected to the internal orifice of the anorec-
tum [24, 25]. For patients from 2012 to 2015, their peri-
anal fistulas were identified through a combination of 
CT images, previous perianal surgeries, clinical symp-
toms, and physical examinations. After finishing the 
evaluation of the derivation cohort, the two radiolo-
gists were trained in radiological diagnosis of IBD and 
evaluated the validation cohort using the same criteria 
three weeks later. The results of the two evaluators were 
compared, and any discrepancies were adjudicated by 
a senior radiologist (Y.S.), with 13 years of experience.

Image segmentation and fat parameter extraction
Based on a previously developed VAT automatic seg-
mentation algorithm [26, 27], we incorporated new 
labels including subcutaneous adipose tissue (SAT) 
and skeletal muscle, obtaining a comprehensive seg-
mentation model, as shown in Fig.  1. To ensure seg-
mentation consistency, arterial-phase CT images of all 
patients were selected and input into the automated 
segmentation model, which labels and outputs various 
components. To minimize heterogeneity from different 
imaging sources, we normalized both spatial and inten-
sity before feeding the images into the neural network 
for processing. Although the model has demonstrated 
high segmentation accuracy in previous studies [27], 
the output volumes of interest (VOIs) were individually 
reviewed and manually adjusted to ensure accuracy. 
The calibrated VOIs were used to extract parameter 
information. The current study focused only on the seg-
mentation results of VAT and SAT using arterial phase 
CT images. The fat parameters related to VAT content, 
distribution and attenuation were calculated using the 
segmentation results. Due to incomplete SAT scans in 
obese patients within the pelvic region, we only ana-
lyzed the soft tissue in the lumbar region (the upper 
border of the first lumbar vertebra to the lower bor-
der of the fifth lumbar vertebra). The volume ratio of 
VAT and SAT, denoted as Visceral-to-Subcutaneous Fat 
Ratio (VSR), can be expressed as:

This formula calculates VSR by dividing the total 
count of pixels representing VAT by the total count of 
pixels representing SAT. Additionally, we calculated 
the VAT area in each slice within the lumbar region, 
and then calculated the mean, standard deviation (SD), 

VSR =

Number of SAT pixels

Number of VAT pixels
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and coefficient of variation (CV) of areas in the region 
to reflect the uniformity of VAT distribution. We also 
extracted CT attenuation values of all VAT pixels in the 
region and calculated the median, 25% quartile, and 
75% quartile.

Statistical analysis
The automatic segmentation and quantitative analysis 
of fat parameters were performed using Python version 
3.7, while the statistical analysis was conducted using 
SPSS 26.0 and MedCalc Statistical Software version 

20.100. Based on the distribution of the data, we used 
Student’s t-test or Mann–Whitney U test, chi-square test 
or Fisher’s exact test to compare the differences in vari-
ous indicators between IBD patients, derivation cohort 
and validation cohort. Binary logistic regression was used 
in the derivation cohort to select the predictive factors. 
Univariate analysis was first performed, and then vari-
ables with a P < 0.05 were included in the multivariate 
analysis. Based on the results of above analysis, the diag-
nostic performance of individual and combined indica-
tors was evaluated using receiver operating characteristic 

Fig. 1 Overall flowchart of the patient inclusion and analysis process. CD, Crohn’s disease; UC, Ulcerative colitis; ROC, Receiver operating 
characteristic curves
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curves (ROC) and Precision-Recall (PR) curve analysis. 
The cutoff value of VSR for distinguishing CD from UC 
was determined using the Youden index in the derivation 
cohort, and a value above this cutoff indicates that VAT 
constitutes the majority of the adipose tissue compared 
to SAT, which is defined as "Visceral Fat Predominance 
(VFP)." The development of IBD-RADS is based on key 
indicators identified from the derivation cohort analysis. 
These indicators were subsequently validated through 
diagnostic performance analysis in the validation cohort, 
including ROC and PR curve analysis. The comprehen-
sive integrated discrimination index (IDI) was also calcu-
lated. In addition, the consistency of the two radiologists 
in image evaluation was evaluated by the Kappa coef-
ficient (< 0.4: fair; 0.4–0.6: moderate; 0.6–0.8: substan-
tial; > 0.8: almost perfect). Statistical significance was set 
at α = 0.05 (two-sided).

Results
Patient demographic characteristics
Figure 1 shows the inclusion flowchart. We excluded 98 
patients with incomplete or poor image quality from 704 
patients and eventually enrolled 365 CD and 241 UC 
patients for the construction of IBD-RADS (n = 606). 
For validation, we selected 155 newly diagnosed IBD 
patients in a subsequent period. Table 1 summarizes the 
baseline characteristics of all patients. The median age 

of CD patients was around 30  years, while that of UC 
patients was 40  years, consistent in both cohorts. CD 
patients were predominantly male and had higher lev-
els of inflammatory markers, as well as lower body mass 
index and Alb levels. In CD patients, the lesions were 
mainly distributed in the ileocolon (56.2% in derivation 
and 66.0% in validation) followed by the ileum (27.1% in 
derivation and 22.7% in validation); while the majority of 
UC patients had diffuse lesions (53.1% in derivation and 
53.4% in validation), followed by left-sided colon lesions 
(32.4% in derivation and 32.8% in validation). There was 
no statistical difference in lesion location between the 
two cohorts (P = 0.20 and 0.99).

Comparison of radiological results between CD and UC
Comparisons of imaging signs and fat parameters 
between IBD patients in both cohorts are summarized 
in Table 2. The differences of imaging signs were consist-
ent in the two cohorts. Although inflammation in the 
TI was predominantly in CD patients, it was also found 
in sixty-seven UC patients. Inflammation in the proxi-
mal small bowels and lesions confined to small bowels 
only existed in CD. Lesions in IBD patients were mainly 
multi-segmental, with CD primarily affecting the ileoco-
lonic region and UC affecting the colon. The lesion dis-
tribution of UC patients was continuous, while most 
CD patients exhibited a skip pattern (76.2% and 82.5%). 

Table 1 Baseline characteristics at enrollment of all patients

CD Crohn’s disease, UC Ulcerative colitis, CRP C-reactive protein, ESR Erythrocyte sedimentation rate, Alb Serum albumin
* P < 0.05 is considered a significant difference
a Comparison of various indicators between the derivation and the validation cohort

Derivation Cohort Validation Cohort Comparisona

CD (n = 365) UC (n = 241) P value CD (n = 97) UC (n = 58) P value P valueCD P valueUC

Age (years) 31.0 (25.0, 42.0) 46.0 (34.0, 55.5)  < 0.001* 30.0 (23.0, 35.5) 39.5 (31.8, 53.0)  < 0.001* 0.07 0.22

Gender (Male/Female) 255/110 138/103  < 0.001* 77/20 36/22 0.02* 0.06 0.51

Body mass index (kg/m2) 19.0 ± 2.9 (n = 272) 21.1 ± 3.2 (n = 142)  < 0.001* 19.6 ± 3.2 21.6 ± 3.4  < 0.001* 0.12 0.32

Laboratory findings - -

    CRP(mg/L) 22.1 (6.4, 55.8) 6.7 (1.8, 21.3)  < 0.001* 24.7 (5.8, 52.6) 4.3 (1.0, 33.1) 0.001* 0.95 0.45

    ESR(mm/hr) 27.0 (10.0, 52.0) 16.0 (7.0,38.0)  < 0.001* 18.0 (9.0, 34.0) 10.5 (4.8, 28.0) 0.014* 0.04* 0.03*

    Alb (g/L) 37.9 (32.3, 41.6) 39.7 (34.0, 43.5) 0.003* 38.6 (33.2, 42.5) 41.3 (34.8, 43.8) 0.13 0.58 0.56

Disease location
    CD 0.20

        Ileal 99 (27.1%) - 22 (22.7%) -

        Colonic 61 (16.7%) - 11 (11.3%) -

        Ileocolonic 205 (56.2%) - 64 (66.0%) -

        Upper digestive tract 26 (7.1%) - 4 (4.1%) -

    UC 0.99

        Ulcerative proctitis - 35 (14.5%) - 8 (13.8%)

        Left sided - 78 (32.4%) - 19 (32.8%)

        Extensive - 128 (53.1%) - 31 (53.4%)
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The proportion of AE was higher in CD patients, reach-
ing 78.6% (287/365) and 86.6% (84/97) in the derivation 
and validation cohorts, respectively. Except for twenty 

patients with CD and fourteen patients with UC in the 
derivation cohort, all other patients underwent pelvic 
MRI scans. Perianal fistula was more common in CD 

Table 2 Radiological evaluation and analysis of all patients

CD Crohn’s disease, UC Ulcerative colitis, SB Small bowel, VSR Visceral-to-subcutaneous fat ratio, VAT visceral adipose tissue
*  P < 0.05 is considered a significant difference
a Proximal small intestine: including jejunum and proximal ileum

Derivation Cohort Validation Cohort

CD (n = 365) UC (n = 241) P value CD (n = 97) UC (n = 58) P value

Radiological evaluation
    Involved location
        SB 335 (91.8%) 54 (22.4%)  < 0.001* 93 (95.9%) 13 (22.4%)  < 0.001*

        Proximala 160 0 51 0

        Terminal ileum 332 54 93 13

        Colorectum 270 (74.0%) 241 (100%)  < 0.001* 76 (78.4%) 58 (100%)  < 0.001*

    Involved segments
        Single 29 (7.9%) 19 (7.9%) 0.98 5 (5.2%) 7 (12.1%) 0.13

        SB 26 0  < 0.001* 4 0 0.01*

        Colorectum 3 19 1 7

        Multiple 336 (92.1%) 222 (92.1%) 0.98 92 (94.8%) 51 (87.9%) 0.13

        SB 69 0  < 0.001* 17 0  < 0.001*

        Colorectum 27 168 3 38

        SB + Colorectum 240 54 72 13

        Distribution  < 0.001*  < 0.001*

        Continuous 87 (23.8%) 241 (100%) 17 (17.5%) 58 (100%)

          Skip 278 (76.2%) 0 (0.0%) 80 (82.5%) 0 (0.0%)

    Asymmetric enhancement  < 0.001*  < 0.001*

        Present 287 (78.6%) 8 (3.3%) 84 (86.6%) 2 (3.4%)

        Absent 78 (21.4%) 233 (96.7%) 13 (13.4%) 56 (96.6%)

    Intestinal fistula  < 0.001* 0.001*

        Present 69 (18.9%) 0 (0.0%) 16 (16.5%) 0 (0.0%)

        Absent 296 (81.1%) 241 (100.0%) 81 (83.5%) 58 (100.0%)

    Perianal fistula  < 0.001*  < 0.001*

        Present 129 (35.3%) 18 (7.5%) 71 (73.2%) 4 (6.9%)

        Absent 236 (64.7%) 223 (92.5%) 26 (26.8%) 54 (93.1%)

Fat parameters
   VSR 0.98

(0.58, 1.54)
0.66
(0.42, 1.02)

 < 0.001* 0.88
(0.58, 1.34)

0.71
(0.42, 1.00)

0.02*

VAT distribution index
    Mean 38.88

(23.74, 61.31)
46.54
(24.37, 78.62)

0.06 32.43
(16.46, 49.55)

42.17
(22.88, 64.32)

0.06

    Standard deviation 9.55
(6.14, 16.10)

9.55
(5.30, 18.81)

0.63 8.21
(4.69, 11.97)

9.73
(6.12, 14.30)

0.08

    Coefficient of variation 26.26
(19.21, 35.68)

24.51
(17.38, 32.17)

0.004* 25.14
(22.36, 30.63)

23.67
(21.01, 27.92)

0.07

VAT attenuation index
    Median -68

(-83.5, -54)
-82
(-96, -68)

 < 0.001* -77
(-90.5, 59.5)

-84.5
(-97.3, -65.8)

0.05

    25% -90
(-102, -77)

-101
(-111.3, -90.8)

 < 0.001* -100
(-110.5, -84)

-104
(-113.5, -91.8)

0.07

    75% -40 (-56, -26.5) -57 (-73.3, -40.8)  < 0.001* -46 (-62.5, -32) -57.5 (-74, -37) 0.02*
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patients, and intestinal fistula was only observed in CD. 
For quantitative parameters, CD patients had a greater 
VSR in both cohorts (P < 0.001 and P = 0.02); for VAT dis-
tribution, although VAT content was lower in CD, their 
CV was larger (P = 0.004 and P = 0.07); moreover, the 
attenuation values in CD were generally higher, especially 
75% quartile (< 0.001 and P = 0.02).

Screening and validation of diagnostic indicators
Logistic regression analysis included clinical indica-
tors, imaging signs (AE and perianal fistula), and quan-
titative parameters (VSR, CV and attenuation). Limited 
small bowel lesions, intestinal fistula, and skip distribu-
tion were excluded because they were not observed in 
UC cases, which prevented model convergence. Multi-
variate analysis revealed that age, AE, perianal fistula, 
and VSR were significant predictors of CD (Additional 
file 2: Table S1). ROC analysis showed that the specific-
ity of limited small bowel lesions, intestinal fistula, and 
skip distribution reached 100%, and AE also showed 
good diagnostic performance in distinguishing between 
CD and UC (area under the curve, AUC, 0.877 [0.848, 
0.902]). Perianal fistula (AUC, 0.639 [0.600, 0.678]) and 
VSR (AUC, 0.657 [0.617, 0.694]) showed similar diag-
nostic performance (P = 0.52), with a VSR cut-off value 
of 0.97 for defining “VFP”. The clinical indicators of age 
(AUC, 0.732 [0.695, 0.767]), BMI (AUC, 0.697 [0.650, 
0.741]), and CRP (AUC, 0.670 [0.629, 0.709]) also per-
formed well. Details are summarized in Table S2 (Addi-
tional file 2: Table S2).

We compared the diagnostic performance of single 
and combined indicators, as summarized in Table  3. 
The joint indicator performed better than a single indi-
cator, regardless of the cohort. Figure 2 shows the ROC 
and PR curves for both cohorts. In the derivation cohort, 
the AUC of the joint indicator was greater than that of 

a single sign (P < 0.001), and IDI analysis showed the 
improvement in discrimination ability. There was no sig-
nificant difference when AE was combined with perianal 
fistula or VSR (P = 0.27). The combination of AE, perianal 
fistula and VSR obtained the largest AUC, which was sig-
nificantly larger than AE + perianal fistula (P < 0.001) and 
AE + VSR (P = 0.03). The same trend was also observed 
in the validation cohort. Additionally, the comparison of 
AUC among the inflammatory marker CRP, body mass 
index, and various imaging markers showed that CRP 
and body mass index were similar to perianal fistula 
(P = 0.43 and 0.21) and VSR (P = 0.68 and 0.32), but sig-
nificantly lower than AE (both P < 0.001) and combined 
imaging markers (both P < 0.001).

Construction and validation of IBD‑RADS
The IBD-RADS based on the above analysis are summa-
rized in Fig.  3. In IBD-RADS, AE was the major crite-
rion, and perianal fistula and VFP were auxiliary criteria. 
Limited small bowel disease, intestinal-fistula, and skip 
distribution were highly specific indicators, favoring the 
diagnosis of CD in particular. We proposed five grades 
according to the above indicators, and Fig.  3 shows the 
grade distribution in IBD patients, as detailed in Table 4. 
Grade 4 and 5 can be initially diagnosed as CD, with 
94.3% (derivation) and 95.8% (validation) of CD patients 
being classified. Grade 3 met only the major criterion 
and was likely to be diagnosed with CD (57.1% (8/50) 
and. 50.0% (2/4)), with 2.2% (10/462) of CD patients 
classified into this category. Grade 1 and 2 did not meet 
the major criterion. Among them, Grade 1 did not have 
any imaging signs mentioned above, were less likely to 
be diagnosed with CD (3.6% (6/167) and 2.5% (1/40)) 
and preferred UC. Grade 2 met only the auxiliary crite-
ria and also preferred UC. Figure  4 shows imaging and 

Table 3 Diagnostic Performance Analysis of Single and Combined Indicators

AUC  Area under the curve, AUPRC Area under the precision-recall curve, PPV Positive predictive value, and NPV Negative predictive value, IDI Integrated discrimination 
improvement, AE Asymmetric enhancement, VSR Visceral-to-subcutaneous fat ratio

AUC [95% CI] AUPRC [95% CI] Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) IDI (%)

Derivation Cohort
    AE 0.877 [0.848, 0.902] 0.924 [0.892, 0.947] 78.6 96.7 85.8 97.3 74.9

    AE + Perianal fistula 0.901 [0.875, 0.924] 0.946 [0.918, 0.965] 78.6 96.7 86.3 92.2 79.0 2.8

    AE + VSR 0.912 [0.887, 0.934] 0.951 [0.923, 0.969] 81.9 95.0 86.6 96.4 76.7 3.4

    AE + Perianal fistula + VSR 0.929 [0.905, 0.948] 0.961 [0.936, 0.977] 81.1 95.9 86.8 93.6 78.9 5.6

Validation Cohort
    AE 0.916 [0.860, 0.954] 0.949 [0.883, 0.979] 86.6 96.6 90.3 97.7 81.2

    AE + Perianal fistula 0.962 [0.919, 0.986] 0.981 [0.924,0.996] 94.9 89.7 92.9 93.9 91.2 9.8

    AE + VSR 0.941 [0.891, 0.972] 0.971 [0.911, 0.991] 88.7 96.6 91.0 97.7 82.4 2.3

    AE + Perianal fistula + VSR 0.964 [0.922, 0.987] 0.983 [0.925, 0.996] 91.8 96.6 92.9 93.9 91.2 10.2
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endoscopic images of three patients classified as Grade 
5b (a-b) and Grade 1 (c), respectively.

Interobserver reproducibility
The Kappa coefficients for each imaging sign are summa-
rized in Table S3 (Additional file 2: Table S3). Whether in 
which cohort, the consistency of indicators was between 
substantial and almost perfect, with the consistency of UC 
generally higher than that of the CD group. After training, 
the consistency of the evaluators in assessing the validation 
cohort significantly improved, as reflected in each item.

Discussion
We identified discriminative imaging features and quan-
titative parameters from baseline radiological examina-
tions of IBD patients upon admission. Subsequently, an 
imaging-based grading system, IBD-RADS, specifically 
designed for CD was constructed and validated. IBD-
RADS highlights the importance of radiological findings 
and the complementary role of quantitative parameters 
to imaging signs. Notably, Grade 3 to 5 correctly clas-
sified most CD patients (derivation: 96.5%, validation: 
98.0%), making it valuable for the initial stratification of 
clinically suspected IBD patients.

Fig. 2 The Receiver operating characteristic and Precision-Recall curves of derivation and validation cohorts. a-b In the derivation cohort, the AUC 
of AE was 0.877, and no significant difference was observed when AE combined with perianal fistula or VSR (AUC: 0.901 vs. 0.912; P = 0.27). The 
combination of three indicators obtained the largest AUC (0.929), significantly larger than AE + perianal fistula (0.901; P < 0.001) and AE + VSR 
(0.912; P = 0.03). The AUPRC of imaging signs combined with VSR was greater than that of combined imaging signs alone (0.961 vs. 0.946). c-d In 
the validation cohort, the AUC of AE was 0.916. The combination of three indicators also obtained the largest AUC (0.964) and AUPRC (0.983 vs. 
0.981). AUC, area under the curve; AE, Asymmetric enhancement; VSR, Visceral-to-subcutaneous fat ratio; AUPRC, area under the precision-recall 
curve
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Fig. 3 Criterion, definitions, and interpretations of IBD-RADS, and its distribution in the two cohorts. IBD-RADS includes one major criterion, two 
auxiliary criteria, and three special support items. The grading system classifies patients into five grades, with Grade 4 and 5 further subdivided 
into three and two categories, respectively. Based on the distribution in the derivation and validation cohorts, we recommend that Grade 1 
and 2 patients should be initially classified as UC, while Grade 3 and 4 are more indicative of CD. Patients classified as Grade 5 can be preliminarily 
classified as CD. CD, Crohn’s disease; UC, Ulcerative colitis

Table 4 Distribution of patients in the Derivation and Validation cohorts

IBD-RADS Imaging report and data system for inflammatory bowel disease, CD Crohn’s disease, UC Ulcerative colitis

IBD‑RADS Derivation Cohort (n = 606) Validation Cohort (n = 155)

N (%) CD (n = 365) UC (n = 241) N (%) CD (n = 97) UC (n = 58)

1 167 (27.6) 6 (1.6) 161 (66.8) 40 (25.8) 1 (1.0) 39 (67.2)

2 79 (13.0) 7 (1.9) 72 (29.8) 18 (11.6) 1 (1.0) 17 (29.3)

3 14 (2.3) 8 (2.2) 6 (2.5) 4 (2.6) 2 (2.1) 2 (3.4)

4 a 87 (14.4) 20 (5.5) 2 (0.8) 15 (9.7) 4 (4.1) 0

b 22 (6.0) 0 3 (3.1) 0

c 43 (11.8) 0 8 (8.2) 0

5 a 259 (42.7) 71 (19.5) 0 78 (50.3) 12 (12.4) 0

b 188 (51.5) 0 66 (68.0) 0
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The IBD-RADS consists of five imaging signs and one 
quantitative parameter, with AE of the bowel wall along 
mesenteric border on CTE images serving as the major 
criterion due to its high sensitivity and specificity in 
both cohorts. Longitudinal ulcer along the mesenteric 
border is a recognized feature of CD, as the mesenteric 
and antimesenteric borders have different blood sup-
ply [28]. The mesenteric border side of TI, a suscepti-
ble target for CD, is supplied by short vessels, which 
act as effective terminal arteries and supply a mucosa 
more susceptible to ischemia, resulting in preferential 
ulceration [29]. Imaging signs corresponding to this 

feature (asymmetric bowel wall thickening, enhance-
ment, and pseudodiverticula on the antimesenteric 
side) have been described and considered characteris-
tic of active CD [23]. In this study, we investigated AE, 
and confirmed that it is a sign that occurrs in 80% of 
CD patients and is one of the independent predictors 
of CD. In addition, we also found that the presence of 
isolated small bowel disease, intestinal fistulas, and 
skip distribution in the CTE images were three favoring 
items for the diagnosis, occurring only in CD. However, 
since these signs can occur in non-IBD population, they 
are not used as major criteria. Favoring items maximize 

Fig. 4 CTE, pelvic MRI and endoscopic images of two Grade 5 CD patients and one Grade 1 grade UC patient. a The CTE images of a 24-year-old 
male with CD showed asymmetric enhancement (green arrow) and intestinal fistula (yellow asterisk). The visceral and subcutaneous fat were 
marker as yellow and blue, respectively, and the VSR is 1.19 (> 0.97, visceral fat predominance). He was classified as Grade 5b. b The CTE, pelvic MRI 
and endoscopic images of a 24-year-old male patient with CD showed discontinuous asymmetric enhancement (green arrow), perianal fistula 
(yellow arrow) and longitudinal ulcer (green asterisk), and the VSR was 2.55 (> 0.97, visceral fat predominance). He was classified as Grade 5b. 
c The CTE image of a 55-year-old female patient with UC showed symmetric enhancement of the sigmoid colon with a VSR of 0.38 (< 0.97). She 
was classified as Grade 1. CTE, CT enterography; CD, Crohn’s disease; UC, Ulcerative colitis



Page 11 of 14Xiong et al. BMC Medicine          (2024) 22:441  

their diagnostic utility only when major criteria are 
met, as various infectious diseases and malignancies 
can lead to similar imaging findings [30, 31].

Previous guidelines have emphasized the importance 
of perianal lesions for CD diagnosis [13]. In the current 
study, perianal fistula confirmed by imaging was used 
as an auxiliary criterion, and its addition significantly 
improved the diagnostic performance of the major cri-
terion alone. However, CTE only reveals extensive and 
obvious lesions, while pelvic MRI is the best method 
for visualizing the anatomy of fistulas, especially in 
clinically asymptomatic patients [23, 32]. Therefore, we 
recommend suspected IBD patients receive both CTE 
and pelvic MRI for initial imaging screening. Another 
auxiliary criterion is VFP, which means a higher pro-
portion of VAT compared with SAT and significantly 
improves the diagnostic performance of using major 
criterion or imaging signs alone. The role of adipose tis-
sue in IBD is constantly being interpreted, and relevant 
clinical, imaging and cytomolecular studies are gradu-
ally confirming that VAT is an endocrine organ that 
regulates immunity and inflammation rather than just 
an energy storage tissue [33]. Significant differences 
in VAT have been observed between patients with CD 
and UC. In CD patients, increased VAT is often asso-
ciated with “creeping fat,” where mesenteric fat wraps 
around inflamed intestinal segments, a phenomenon 
that is uncommon in UC patients [34]. The presence 
of creeping fat in CD is linked to intestinal fibrosis 
and disease progression [35]. SAT levels are primarily 
linked to nutritional status, whereas VAT accumula-
tion is affected by both nutritional factors and disease 
processes, underscoring its complex role. The VFP, 
derived from VSR, which accounts for both VAT and 
SAT, effectively highlights the critical role of VAT in 
disease pathology. Previous studies have extracted VAT 
texture features from CT images to identify IBD sub-
types, but manual segmentation and a lack of explora-
tion of intestinal lesions limit their clinical application 
[16]. Volume-based VSR was also calculated in a study 
using automatic segmentation, but its predictive ability 
for CD disease progression is limited [17]. We specu-
late that this index has greater diagnostic value, as VFP 
in a single slice has been proven useful in differentiat-
ing between CD and intestinal tuberculosis [36–39]. 
To avoid selection bias, we performed analysis of the 
entire lumbar region and automated the analysis pro-
cess including segmentation and parameter extraction. 
Interestingly, despite lower BMI and poorer nutritional 
status, CD patients have a higher VAT proportion than 
UC patients, highlighting the crucial role of VFP in dis-
ease diagnosis. It is noteworthy that although the VAT 
distribution and attenuation parameters did not show 

statistical significance in multivariate analysis, the dif-
ferences between CD and UC patients were not negligi-
ble, thus confirming the value of fat parameters in IBD 
studies.

Although multiple diagnostic indicators were pro-
posed, our analysis showed that using auxiliary criteria 
alone cannot effectively stratify IBD patients. Maximum 
diagnostic efficacy can only be achieved by using a 
multiparametric apporach. Additionally, integrating 
IBD-RADS into current clinical workflows is essen-
tial to maximize its effectiveness. Radiologists can use 
this grading system to initially classify suspected IBD 
patients, expediting diagnosis by gastroenterologists 
and enabling earlier treatment planning. A standard-
ized grading system can also enhance communication 
among various healthcare providers in a multidiscipli-
nary team, including radiologists, gastroenterologists, 
and surgeons, ensuring that all team members share a 
common understanding of the disease status. Further-
more, it will facilitate data collection for follow-up and 
monitoring of patient treatment responses. This allows 
for the accumulation of standardized data across centers, 
supporting the continuous improvement of the grading 
system and uncovering its broader applications. The clin-
ical integration of IBD-RADS requires meeting several 
conditions, with standardized training for radiologists 
being the most crucial component. Due to the subjectiv-
ity of imaging evaluation, even radiologists with similar 
levels of experience may differ in their interpretation of 
findings. Our study results indicate that the consistency 
of evaluations for all indicators improved among junior 
radiologists after training. Meanwhile, implementation 
requires time and resources, such as software updates 
for automated segmentation models and additional time 
for system integration into practice. Although an initial 
investment is necessary, standardized processes can sig-
nificantly improve diagnostic efficiency and accuracy 
over the long term. Finally, we suggest establishing a 
continuous evaluation and feedback mechanism. Regu-
larly updating the grading standards based on the latest 
research and clinical experience of the multidisciplinary 
team will help optimize the system’s application. How-
ever, it is important to note that the imaging-based grad-
ing system is a stratification tool rather than a diagnostic 
standard; it may occasionally produce errors, and when 
necessary, should be used in conjunction with other 
assessments, such as endoscopic and pathological find-
ings, to accurately evaluate disease activity.

Our study has several limitations. First, the cross-
center study led to inevitable differences in equipment, 
so we selected indicators with greater consistency and 
accessibility to establish our grading system. Second, the 
retrospective design may introduce potential selection 
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bias, as only patients who met the inclusion criteria and 
had radiological data were included, which may not 
represent the overall IBD population. Third, our study 
focused on the diagnostic value of radiology, and the con-
cordance between IBD-RADS and endoscopy needs to 
be explored further. Fourth, although clinical indicators 
were compared, they were only used as a reference to the 
grading system, and were not our focus, but it is worth 
investigating in the follow-up research. Fifth, the cur-
rent IBD-RADS requires further prospective validation, 
including its application to diverse ethnic groups from 
various regions and comparison with non-IBD intestinal 
diseases. Sixth, although the criteria were mainly based 
on CTE, they are equally applicable to MRE, which is 
debatable considering that MRE is not the preferred 
choice for the initial diagnosis. Finally, a comparison 
between intestinal ultrasound and the IBD-RADS sys-
tem would provide a more comprehensive perspective 
for clinical practice. However, due to the limitations of 
the imaging data obtained in this study, such an analysis 
could not be conducted and warrants further prospective 
studies.

Conclusions
In conclusion, we propose a new imaging report and data 
system for clinically suspected IBD patients, aimed at 
improving the differentiation between CD and UC. This 
system utilizes easily assessable, consistent imaging signs 
and stable quantitative parameters obtained through 
automated calculations, making it well-suited for clinical 
application. Future research should focus on prospective 
validation and refining the grading system to optimize its 
diagnostic performance and explore its integration into 
routine clinical workflows.
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