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Abstract
Background: The treatment goal for Crohn’s disease (CD) has turned towards mucosal healing and
resolution of the transmural inflammation. The purpose of this study was to evaluate how well computed
tomography enterography (CTE) correlated with other treatments, in particular, endoscopy and
biochemical indicators, in newly diagnosed patients with CD.
Methods: 123 patients with CD who received CTE in the Xiangya Hospital of Central South University,
China, from April 2017 to April 2019 were included. Clinical case data and imaging results were
retrospectively reviewed. The clinical activity of CD was determined by the Crohn’s disease activity index
(CDAI) score and biochemical indicators. The relationships between CTE and endoscopy, CDAI score, and
inflammatory markers were evaluated.
Results: The diagnostic rate of CTE in the 123 CD patients was 68.3% (84/123). Logistic regression
analysis showed that the specific CTE manifestations related to CD activity were intestinal wall
stratification, comb sign, and abdominal abscesses (P < 0.05). Spearman’s rank correlation analysis
showed that inflammatory markers correlated positively with different CTE imaging manifestations. The
CTE findings were consistent with colonoscopy results in 136 intestinal segments (73.1%) in terms of
lesion location but were not consistent in 50 intestinal segments (26.9%).
Conclusion: intestinal CTE has a high degree of completion and is well tolerated, in contrast to endoscopy
which is both invasive and unable to reflect the level of intestinal mucosal infiltration. In conclusion,
intestinal CTE combined with endoscopy and biochemical indicators is both comprehensive and effective
in evaluating the condition of CD patients.

1. Background
Crohn's disease (CD) is a chronic granulomatous inflammatory bowel disease with unknown etiology.
Although CD can involve the whole digestive tract, it more commonly involves only the terminal ileum.
Intestinal inflammation develops gradually over time, eventually leading to severe intestinal dysfunction
or even loss of intestinal function [1]. In recent years, the incidence of inflammatory bowel disease in
Asia, especially in East Asia, has increased significantly, possibly because of the gradual westernization
of lifestyle and industrialization [2–4]. The assessment of disease activity with stratification for CD
patients is crucial for the determination of a therapeutic strategy and prognosis. Therefore, we urgently
need an efficient method for comprehensively assessing CD.
Various indices are used to evaluate CD activity including, for example, the Crohn’s disease activity index
(CDAI). However, CDAI has been questioned because of its subjectivity and complexity. It has been
reported that in a randomized controlled study, the response rate of the CDAI score to placebo was as
high as 33% [5, 6]. Studies have also shown that inflammation biomarkers such as C-reactive protein
(CRP), the erythrocyte sedimentation rate (ESR), and fecal calprotectin are significantly correlated with
endoscopic activity and the risk of CD recurrence. For example, if the CRP level continues to increase
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during treatment, the prognosis is likely to be poor [7, 8]. It is well known that the risk of arteriovenous
thrombosis in inflammatory bowel disease (IBD) patients is three times higher than that in normal
subjects, which may be related to the increase of platelets and coagulation-related active substances
(such as D-dimer and fibrinogen) in patients with active CD [9, 10]. At present, endoscopic remission (ER)
has often been used as the gold standard for evaluating the degree of inflammation in the intestinal
mucosa. However, some studies have not observed a significant correlation between endoscopic mucosal
lesions and clinical activity in CD. It is believed that CD, as a disease involving the whole intestinal wall,
should be assessed by typical transmural inflammatory changes rather than superficial mucosal lesions
[11]. In addition, since CD often affects the small bowel beyond the terminal ileum, ileo-colonoscopy
alone may be inadequate for the correct evaluation of mucosal inflammation in CD.
In recent years, computed tomography enterography (CTE) has become an accepted non-invasive
imaging technique to evaluate CD activity or postoperative recurrence. CTE can accurately reflect the
distribution of lesions and inflammatory changes in the entire intestinal wall in an easy and semiquantitative manner. At the same time, CTE has the advantages of simplicity and good patient tolerance
[12, 13]. In addition, it is better able to dilate and observe the small intestine, especially the proximal small
intestine, allowing an improved detection and diagnosis of high-order CD lesions, compared to
enteroscopy. By 2008, CTE had surpassed endoscopy as the preferred examination method for CD [14].
The CTE signs have been well described and are closely associated with CD activity; these include mural
stratification, mural hyperenhancement, bowel wall thickening, haziness of the surrounding mesenteric
fat, and the comb sign.
Despite their widespread availability in clinical practice, the relative performances and relationships
between CTE, biochemical indicators, and endoscopy as diagnostic tools to evaluate the therapeutic
response in CD have yet to be determined. This study was designed to determine the correlation between
endoscopic disease activity, biochemical markers, and the CTE findings of inflammatory activity in
diagnosed CD patients, allowing a more accurate evaluation of CD activity and providing new directions
for the treatment of CD.

2 Methods

2.1 Patient data
A total of 123 consecutive patients who met the 2010 World Organization of Gastroenterology Practical
Guidelines for the Diagnosis of Inflammatory Bowel Disease were enrolled in the study. Patients were 18–
65 years of age, not currently pregnant or nursing, and without any evidence of infectious colitis. Patients
with a prior history of a bleeding disorder or blood-borne infections were excluded. The patients’ past
medical and surgical history was taken at the time of screening and a complete physical examination
was performed at the same time. Blood and fecal samples for biomarker measurements were obtained at
the time of screening. The CDAI score was determined by the sum of eight variables after adjustment
with each weighting factor. Based on previous studies, the state of CD activity was divided into two
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groups: disease remission (CDAI scores less than 150) and active disease (CDAI scores༞150).
Measurements of the white blood cell count, platelet count, hemoglobin, hematocrit, CRP, and serum
levels of total protein and albumin were also performed. The disease phenotype was determined
according to the Montreal classification. Endoscopic lesions were assessed using the SES-CD.

2.2 CTE technique and CTE image interpretation
All CTE examinations were performed in our hospital, using a 64 row-multidetector CT Siemens Somaton
Sensation scanner (Munich, Germany). Axial, coronal, and sagittal images 2 mm in thickness were
obtained. Just before scanning, patients were asked to drink 4000 ml of water containing 40 g of
mannitol over 60 min, at a steady rate of approximately 1000 ml every 15 min. Radiological interpretation
and scoring were performed by two senior radiologists with more than eight years of experience
dedicated to IBD imaging. They were blinded to all the clinical, laboratory, and endoscopic data and were
asked to identify all bowel segments with signs of inflammation. When the diagnostic opinions were
inconsistent, consensus was reached through consultation. Six CT signs of active CD (mural thickness,
mural hyperenhancement, mesenteric fat proliferation, mesenteric fat densification, comb sign, and
presence of strictures) were evaluated in ileocolonic segments. In addition, extraintestinal manifestations
such as fistulas, abscesses, ascites, and lymphadenopathy were also recorded.

2.3 Statistical Methods
Categorical variables were expressed as percentages and compared by Fisher’s exact test, and
continuous variables were shown as means and standard errors of the mean (SEM). Logistic regression
analysis and ROC curve analysis were used to screen the intestinal CTE manifestations of Crohn's
disease in the active stage. Spearman correlation analysis was applied for assessing the correlations
between CTE manifestations and biochemical indicators of inflammatory activity with P < 0.05 taken as
statistically significant. All data were arranged, processed, and analyzed with SPSS 17.0 software.

2.4 Ethical review
The study was reviewed and approved by the Ethics Committee of Xiangya Hospital of Central South
University and was conducted according to the principles of the Declaration of Helsinki. All patients
signed informed consent forms.

3. Results

3.1 Population
The CD patient demographics and clinical characteristics are shown in Table 1. A total of 123 newly
diagnosed CD patients were enrolled. Ninety-four patients (76.4%) were male while 29 (23.6%) were
female; there were thus significantly more male than female patients. The median age for diagnosis was
30 years-old (31.48 ± 11.416 years). A total of 41 (33.3%) patients had exclusive ileal involvement (L1)
and a total of 62 (50.4%) patients had ileocolonic involvement (L3), suggesting that the end of ileum was
the most common site of involvement. It was found that the non-stenosis, non-penetration type (B1), and
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the stenosis type (B2) were the most common, with the penetration type (B3) being the least common.
Specifically, the number of B2 type patients was 46 (37.4%) but the number of B3 type patients was only
5 (4.1%). The most common clinical manifestations of CD in patients were abdominal pain in 109 cases
(88.6%), diarrhea in 78 cases (63.4%), and weight loss in 79 cases (64.2%). Fever was more common in
patients with active-stage disease (23 cases), and perianal lesions were the first manifestations in some
patients. According to Best's CDAI score, 56 patients (45.5%) were in the active stage (CDAI > 150) and 67
patients (54.5%) were in the remission stage (CDAI < 150).
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Table 1
Descriptive statistics of general clinical and laboratory data of CD patients
Active stage

Remission stage

(CDAI༞150)

(CDAI ≤ 150)

case(n)

123

56

67

gender

94(76.4)

37(66.1)

57(85.1)

male

29(23.6)

19(33.9)

10(14.9)

famale
age

30(14–60)

Course of disease(mouth)

24(8days-240mouth)

Age at diagnosis

94(76.4)

41(73.2)

53(79.1)

≤ 40 years

29(23.6)

15(26.8)

14(20.9)

Location

41(33.3)

16(28.6)

25(37.3)

L1

9(7.3)

7(12.5)

2(3.0)

L2

62(50.4)

32(57.1)

30(44.8)

L3

11(9.0)

1(1.8)

10(14.9)

Behaviour

46(37.4)

18

28

B1

62(50.4)

28

34

B2

5(4.1)

2

3

B3

10(8.2)

8

2

༞40 years

L4

B2 + B3
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Active stage

Remission stage

(CDAI༞150)

(CDAI ≤ 150)

Clinical

109(88.6)

53

56

manifestation

78(63.4)

51

27

abdominal pain

16(13.0)

6

10

diarrhea

18(14.6)

16

2

Bloody stool

27(22.0)

10

17

Chunks

15(12.2)

11

4

Perianal lesions

30(24.4)

23

7

fistula

79(64.2)

44

35

fever
Weight loss
Laboratory data

34(2-240)

ESR

28.46(0.61–305)

CRP

309(79–753)

PLT

111(49–162)

HB

0.35(0.14–0.48)

PCV

4.14(1.74–8.18)

FIB

3.2. CTE findings of assessing CD activity
The CTE findings at baseline showed mural thickening in 107 patients (86.9%) and hyperenhancement in
102 patients (82.9%). A total of 58 patients (47.2%) presented with the comb sign and 51 patients
(41.5%) presented with mural stratification. Strictures were observed in 60 patients (48.8%), while fistulas
were identified in seven patients 5.7%) and abscesses in 11 patients (8.9%). Univariate analysis of the
intestinal CTE manifestations in active and remission CD patients is shown in Table 2. The Chi-square
test showed that there were significant differences in intestinal wall thickening, intestinal stricture,
intestinal wall stratification, comb sign, lipofibrosis, and the presence of abdominal abscesses between
the active and remission stages of CD (P < 0.05). Among them, intestinal wall stratification, comb sign,
and lipofibrosis showed significant differences (P < 0.01) (see Table 3) indicating the value of these
parameters in judging the activity of CD.
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Table 2
Univariate analysis of intestinal CTE manifestations in CD patients
variables

Remission stage

Active stage

Univariate analysis

CDAI༜150

CDAI ≥ 150

P value

54

53

༜0.05

mucosal hyperenhancement

53

49

༞0.05

stenosis

26

34

༜0.05

Mural stratification

9

42

༜0.01

Periintestinalmanifestations

21

37

༜0.01

fibro-fatty proliferation

31

42

༜0.01

Mesenteric lymphadenopathy

21

17

༞0.05

ascites

0

3

༞0.05

abdominal abscess

2

9

༜0.05

fistula

2

5

༞0.05

Intestinal wall manifestations
bowel wall thickening

comb sign
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Table 3
Logistic regression analysisof intestinal CTE manifestations in CD patients
variables

B

P

Odds ratio(95%CI)

0.878

—

Mural hyperenhancement

0.053

—

stenosis

0.753

—

Intestinal wall manifestations
bowel wall thickening

Mural stratification

3.058

0.000

21.294(7.617–59.526)

Periintestinalmanifestations

1.417

0.005

4.126(1.519–11.206)

fibro-fatty proliferation

0.779

—

Mesenteric lymphadenopathy

0.110

—

ascites

0.128

—

0.019

10.186(1.471–70.513)

0.657

—

comb sign

abdominal abscess

2.321

fistula

Furthermore, logistic regression analysis showed that there were significant differences in intestinal wall
stratification, comb sign, and abdominal abscess between the active and remission stages (P < 0.05)
(Table 3). However, the ROC curve analysis showed that while intestinal wall stratification has a relatively
high diagnostic value for the assessment of CD activity, comb sign and lipofibrosis have relatively low
diagnostic values.

3.3 Analysis of correlation between CTE findings and
biochemical indicators in CD patients
As shown in Table 4, Spearman correlation analysis indicated that CRP was positively correlated with
mural hyperenhancement, mural stratification, abdominal abscess, and comb sign. Nevertheless, ESR
was closely related to intestinal wall thickening, mural hyperenhancement, and mural stratification,
amongst others. Platelet counts (PLT) showed some correlation with intestinal wall thickening as well as
mural hyperenhancement. However, hemoglobin was negatively correlated with intestinal wall thickening,
intestinal wall stratification, and comb sign. It is, therefore, apparent that the CTE signs were significantly
correlated with the biochemical indicators of inflammation, which has value in evaluating CD activity.
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Table 4
The correlation between CTE signs and inflammatory markers in CD
CRP

ESR

PLT

HB

FIB

0.172

0.029**

0.183*

− 0.237**

0.138

mural hyperenhancement

0.262**

0.272**

0.221*

− 0.041

0.197*

stenosis

0.08

0.021

0.032

− 0.169

0.017

mural stratification

0.364**

0.318**

0.117

− 0.208*

0.162

Periintestinal manifestations

0.181*

0.169

0.131

− 0.297**

0.313**

fibro-fatty proliferation

0.175

0.28**

0.148

− 0.173

0.155

Mesenteric lymphadenopathy

0.042

0.062

− 0.015

− 0.013

0.153

ascites

0.023

− 0.131

0.018

− 0.132

-0.107

abdominal abscess

0.345**

0.293**

0.069

− 0.153

0.239**

fistula

0.127

0.144

− 0.073

0.124

0.117

Intestinal wall manifestations
bowel wall thickening

comb sign

P**༜0.01,P*༜0.05

3.4. Consistency of CTE findings and colonoscopy and in
localization of lesions
As can be seen from Table 5, during examinations to determine lesion localization, in 96 cases lesions
were detected in the rectal colon by endoscopy. Among these, in 35 cases, lesions were found by CTE and
endoscopy simultaneously and in 36 cases were not found by either CTE or endoscopy, suggesting that
the two examination procedures have a high coincidence rate in the localization of colorectal lesions.
There were 25 cases (26%) with inconsistent agreement between the two examinations, including 20
cases with positive endoscopy but with negative CTE (Fig. 1a, b) and five cases with negative endoscopy
but with positive intestinal CTE (Fig. 1c, d, e, f). Among them, intestinal wall thickening was found in five
cases, irregular stenosis in two cases, and dilatation of the intestine in one case.
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Table 5
statistics of lesion location under enteroscopy and CT enterography
colorectal

terminal ileum

Middle and upper ileum

ileocecal valve

Uppergastrointestinal tract

endoscope

CTE

Cases

endoscope

CTE

Cases

endoscope

CTE

Cases

+

+

35

+

+

46

+

+

9

-

-

36

-

-

9

-

-

1

+

-

20

+

-

8

+

-

6

-

+

5

-

+

10

-

+

1

In addition, 73 cases had lesions that were localized to the terminal ileum and ileocecal valve by
endoscopy. Of these, lesions were found by both CTE and endoscopy in 46 cases but neither CTE nor
endoscopy detected lesions in nine cases, suggesting that both examination procedures have a high
coincidence rate in the localization of colorectal lesions (75.3%). There were 18 cases (24.7%) where the
results were inconsistent between the two methods. Of these, eight cases were positive on endoscopy but
were negative on CTE (Fig. 2a, b). Ten cases with negative endoscopy were positive for CTE (Fig. 2c, d, e,
f).
Furthermore, 17 cases of upper gastrointestinal tract lesions were detected by capsule endoscopy,
transoral, or transanal enteroscopy in patients with CD. Of these, nine cases were found with lesions of
the upper gastrointestinal tract by CTE and endoscopy, and lesions were not identified by either method in
one case. The localization of upper gastrointestinal lesions had a high coincidence rate (58.8%) while
seven cases (41.2%) showed no coincidence. The results of endoscopy were positive but those of CTE
were negative in six cases (Fig. 3a、b). Poor intestinal filling was identified in two cases, ulcers in six
cases, strictures in two cases, and nodular protuberances in one case which were all negative on
endoscopy. On the other hand, one case was only positive on CTE (Fig. 3c, d, e f) showing intestinal wall
thickening.

Discussion
Recently, there has been a trend to avoid relying on clinical indices for determining CD treatment due to
the lack of their correlation with endoscopic and histologic measures of disease activity [15, 16].
According to the latest guidelines, the goal of CD treatment is histological evidence of mucosal healing,
which is an objective indicator of the efficacy of CD drugs and is related to the clinical recurrence rate and
the reduction of surgical rate [17]. However, there are no accepted endoscopic criteria for mucosal healing
at present. It is now essential to define the best way to monitor disease activity. Attempts to correlate
outcomes with radiological signs of CD have produced variable findings.
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In this retrospective study, it was found that the radiologic findings of CTE correlated closely with CD
activity. This is consistent with previous studies [18, 19]. However, the importance of two CTE signs,
namely, bowel wall thickening, and mural hyperenhancement, is still controversial, because the normal
collapsed intestinal wall itself is thicker than the dilated intestinal wall and has a higher mucosal
enhancement value, leading to uncertainty in the results. Interestingly, a prior study quantifying bowel
wall thickening and mural hyperenhancement by semi-automated computer software found that the two
parameters were significantly correlated with CD activity [20], providing a reference for future research.
Our study found that, compared with mural hyperenhancement, mural stratification is likely to be a more
valuable measure reflecting the activity of CD, especially when it is caused by edema [12]. It is worth
noting that the specificity of mural stratification is very poor which can be seen in other types of intestinal
inflammation such as ischemic bowel disease. However, as the patients in this study were clinically or
pathologically confirmed CD patients, the poor specificity did not affect the results. In addition, the comb
sign is another commonly recognized CTE sign reflecting CD activity. In a quantitative study of the comb
sign [21], it was found that the comb sign score increased significantly in the CD group and predicted CD
activity with an accuracy of up to 80% when the appropriate cut-off point was found. Besides, some
studies suggest that patients with a typical comb sign may require more hospitalization and invasive
treatment, and are more likely to have longitudinal ulcers and extensive organ damage [22], which further
demonstrates the importance of the comb sign in evaluating CD condition and provides a reference for
more active treatment. In addition, Colombel et al [23] considered that the increase of peri-intestinal fat
density was a specific imaging sign of active-stage Crohn's disease, reflecting the inflammatory
infiltration of peri-mesenteric fat mediated by mesenteric adipocytes. However, one of the CT signs
included in the present study is peri-intestinal adipose fibrosis, although its specificity is very poor in
relation to the present results. Nevertheless,the ROC curve analysis shows that it has a low diagnostic
significance and, therefore, deserves proper attention.
To date, numerous biomarkers related to inflammatory activity have been described but these depended
heavily on clinical or endoscopic assessment as references. There are few studies on the relationship
between CT imaging findings and biochemical indicators. Our study found that CTE signs, such as mural
stratification and the comb sign, are significantly correlated with inflammatory biochemical indicators.
However, this view is controversial at present. Minordi et al showed that the comb sign and intestinal wall
thickening were positively correlated with CRP [24] while in another quantitative study of the comb sign, it
was considered that the comb sign is not related to CRP [21]. In addition, ESR is also considered to be a
useful indicator for monitoring CD activity, but its role has not been fully defined. Some studies have
suggested that the comb sign has a good correlation with ESR [24], but other studies have not confirmed
these findings. Previous studies have suggested that both the comb sign and lymphadenopathy are
correlated with the platelet count rather than fibrinogen. In addition, the platelet count has been reported
to be related to CRP [25, 26]. As mentioned above, one-third of IBD patients have iron deficiency anemia
which has been reported to be related to the platelet count. Controlling inflammation and improving
anemia may reverse the trend of platelet increase, suggesting that the degree of anemia may be related to
CD activity. Fecal calcium protein (FC) has been widely studied in IBD [27–29] and has proved to be a
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valuable predictor of disease relapse and recurrence. Susana and his team recently found that FC
performed better than CRP in predicting endoscopic activity and was significantly correlated with the CTE
findings [30].
Although previous studies have shown that the severity of endoscopic mucosal lesions is not
significantly correlated with the CDAI and blood biochemical parameters, the importance of endoscopic
mucosal healing is increasingly recognized [18] as this results in a better prognosis. The CD activity index
under capsule endoscopy has been shown in numerous studies to be correlated with intestinal wall
thickening, mucosal enhancement, and parenteral manifestations [31]. Interestingly, the current study
suggests that only intestinal wall thickening is associated with endoscopic results. All 123 patients
successfully completed CT enterography, indicating that this examination can make up for the limitations
of enteroscopy and allows improved completion and tolerance. However, the results of this study suggest
that CTE is less sensitive in the diagnosis of intestinal stenosis. This may be related to the characteristics
of the CT tomographic scan. The thinnest slice of the 64-slice spiral CT scan used in our hospital is
5 mm, while the distribution of intestinal stenosis is limited, and the sensitivity of CTE to intestinal
peristalsis is poor, which may result in a missed diagnosis of the narrow segment during the scanning
process.
However, one complication of the use of CTE to monitor CD is that it may lead to radiation damage.
Fortunately, there are several strategies available to reduce radiation exposure without affecting
diagnostic accuracy. In this study, the sample size was relatively small and further studies with a larger
sample size should be conducted to confirm the findings. Another limitation is that we have only utilized
CTE to evaluate CD activity. Magnetic resonance enterography (MRE) has emerged as a nonionizing
alternative to CTE and we intend to compare the differences between CTE and MRE in assessing CD
activity.
In conclusion, we have found that, while CTE, endoscopy, and biochemical markers have limitations, all
are nevertheless good markers for the evaluation of CD activity. Only when these tools are used
comprehensively and in combination, can we judge CD activity more accurately to guide future treatment.
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Figure 1
Endoscopic findings at the ascending colon (a, b) and corresponding computed tomography
enterography images (e). Endoscopic findings at the ascending colon (c, d) and corresponding computed
tomography enterography images (f).
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Figure 2
Endoscopic findings at the terminal ileum (a, b) and corresponding computed tomography enterography
images (e). Endoscopic findings at the ileocecal valve (c, d) and corresponding computed tomography
enterography images (f).
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Figure 3
Endoscopic findings at the middle and lower jejunum (a, b) and corresponding computed tomography
enterography images (e). Endoscopic findings at the mid-upper ileum (c, d) and corresponding computed
tomography enterography images (f).
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