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Patients Outcome Results

Radiology plus ileocolonoscopy versus radiology alone in Crohn’s disease : 
prognosis prediction and mutual agreement

Conclusion • Radiology plus ileocolonoscopy was not superior to radiology alone in predicting the prognosis of CD. 
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INTRODUCTION

Crohn’s disease (CD) is a chronic progressive immune-me-
diated intestinal disease characterized by transmural in-
flammation [1]. As CD progresses over a long period, it re-
quires proper treatment targets and continuous monitoring 
because of repeated recurrence and remission, eventually 
leading to structural bowel damage. Since biologics have 
emerged as a key treatment option for CD, mucosal healing 
has become the most important treatment target [2]. Deep 
remission, which combines endoscopic and clinical indica-
tors of disease activity, is an important therapeutic goal in 
CD. It is defined as Crohn’s Disease Activity Index (CDAI) 
< 150 and complete mucosal healing without mucosal ul-
cerations [3]. Moreover, transmural inflammatory healing 
has been associated with lesser inflammatory activity, lesser 
escalation of therapy, lesser corticosteroid use, a lower of 
hospitalization, and a reduced need for surgery than endo-
scopic healing alone. Achieving deep remission with trans-
mural inflammatory healing requires repeated endoscopic 
and radiologic approaches.

Ileocolonoscopy has traditionally been considered the 
standard tool for the diagnosis and management of CD as 
it is useful in evaluating the disease extent and activity, de-

termining the therapeutic response, performing surveillance 
for dysplasia, and determining the therapeutic procedure. 
However, there is a poor correlation between symptom 
scores and the degree of endoscopic inflammation as well 
as between clinical remission and mucosal healing [4]. In the 
case of intestinal obstruction or stricture, the examination is 
limited because endoscopic access is challenging [5,6]. Re-
peated ileocolonoscopy, which is a relatively invasive proce-
dure, has low patient acceptability, and there is a potential 
risk of endoscopy-associated perforation [7].

Currently, several cross-sectional imaging modalities, such 
as computed tomography (CT) and magnetic resonance 
imaging, have widely replaced traditional modalities  [8,9]. 
Computed tomography enterography (CTE) and magnetic 
resonance enterography (MRE) have several advantages in 
terms of monitoring patients with CD, such as better accept-
ability than ileocolonoscopy, transmural assessment of both 
the small bowel and colon, and detection of extra-enteric 
complications, including bowel obstructions and distensions, 
abscesses, fistulas, and mesenteric and perienteric fat  [9]. 
Preliminary data have also suggested that MRE could be a 
reliable tool to monitor therapeutic efficacy  [10,11]. MRE 
performed with no enteroclysis, no bowel cleansing the day 
before the examination, and no rectal enema demonstrated 
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high accuracy in CD and is preferred to CT because of its 
lack of ionizing radiations [12,13]. However, a large volume 
of enteric contrast medium is required to achieve adequate 
luminal distension during CTE or MRE. Owing to the long 
acquisition time associated with MRE, antiperistaltic med-
ications such as intravenous butyl scopolamine should be 
used. Non-invasive quantification of fibrosis is much more 
challenging, as cross-sectional imaging cannot accurately 
quantify the fibrotic component of an otherwise easy-to-di-
agnose stricture. In particular, to perform both ileocolonos-
copy and radiologic tests, it is challenging to perform them 
on the same day, and there is a hassle of having to take a 
bowel preparation twice. It is also more expensive and takes 
longer, making it questionable whether it is necessary to 
perform both tests for monitoring patients with CD.

To date, the methods to manage CD are both to improve 
the quality of life and appropriately treat and predict the 
prognosis using proper monitoring tools. However, no data 
have been reported regarding this issue, and the most effi-
cient methods are still controversial. We need an optimized 
tool for monitoring individual patients with CD. Therefore, 
this study primarily aimed to find an appropriate method as 
a monitoring tool to confirm whether performing radiology 
plus ileocolonoscopy is necessary and whether it predicts 
prognosis better than radiology alone. Additionally, we at-
tempted to determine the degree of agreement between 
the two tests.

METHODS

Study design and participants
This single-center retrospective study evaluated patients 
with CD in clinical remission who underwent CTE or MRE 
or ileocolonoscopy at Severance Hospital, Yonsei University 
College of Medicine, Seoul, Republic of Korea between No-
vember 2005 and December 2019. The diagnosis of CD was 
confirmed based on clinical presentations and a combina-
tion of endoscopic, radiologic, and histological criteria [14].

The inclusion criteria were as follows: (1) patients aged 
≥ 18 years; (2) eligible patients who underwent ileocolo-
noscopy within 3 months of CTE or MRE or vise versa; and 
(3) outpatient care within 3 months of CTE or MRE. The 
exclusion criteria were as follows: (1) patients aged < 18 
years; (2) inaccurate or inconclusive diagnosis of CD; (3) > 
3-month interval between CTE or MRE and ileocolonoscopy; 

and (4) > 3-month interval between CTE or MRE and fol-
low-up. Medical records of the patients were retrospectively 
reviewed.

Ileocolonoscopy
Patients were advised to follow a soft or clear liquid dietary 
regimen 24 to 72 hours before colonoscopy according to 
their bowel habits. Ileocolonoscopy was performed after 
standard bowel preparation using 2 L of polyethylene gly-
col electrolyte solution (Coolprep, Taejoon Pharmaceuticals, 
Seoul, Korea). During endoscopy, patients received a stan-
dard dose of the sedative; 5 mg of midazolam or 40 mg of 
propofol. Ileocolonoscopy was performed by a gastroenter-
ologist with a conventional colonoscope (CF H260AL or CF 
H260AI, Olympus Optical, Tokyo, Japan). The performing 
endoscopist was aware of the patient’s history, and the 
colonoscope was introduced in the terminal ileum except 
that the scope could not pass due to stenosis. Endoscopic 
remission was defined as the simple endoscopic score for 
CD (SES-CD) of less than 4 [15].

Computed tomography enterography and 
magnetic resonance enterography
CTE was performed after 4 hours of fasting and oral ad-
ministration of 1,250 mL of a polyethylene glycol solution 
(Coolprep). CTE was performed using a multi-detector CT 
(SOMATOM Definition Flash, Siemens Healthineears, Erlan-
gen, Germany). The parameters were set as follows: 240 
mA, 100 kVp, 0.5 second tube rotation time, and 0.625 
pitch. The intravenous contrast material (0.2 mL/kg, max-
imum of 150 mL) iohexol 300 mgI/mL (Hexosure, Pharvis 
Korea, Seoul, Korea) was administered at a rate of 3 mL/
sec. For routine CTE in patients without gastrointestinal 
bleeding, a single portal venous phase (typically 60 seconds) 
was obtained. For patients with suspected gastrointestinal 
bleeding, multiphase CT consisted of unenhanced, arteri-
al, and portal venous phases. A bolus-tracking method was 
used to commence the diagnostic CT data acquisition af-
ter intravenous injection of the contrast agent. CTE images 
were reconstructed in axial and coronal planes with 3-mm 
thickness and no interslice gap.

MRE was performed after 6 hours of fasting and oral ad-
ministration of 1,250 mL of a sorbitol solution for luminal 
distension of the bowel before scanning. All patients were 
examined in a supine position using a 3-T system (Ingenia 
CX or Ingenia Elition X, Philips Healthcare, Best, the Neth-
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erlands). MRE sequences consisted of coronal T2-weighted 
half-Fourier sequences with and without fat suppression, 
axial T2-weighted half-Fourier sequences with fat suppres-
sion, coronal diffusion-weighted imaging (with b factors of 
0 and 800 sec/mm2) and an apparent diffusion coefficient 
(ADC) map, and coronal T1-weighted spoiled gradient-echo 
sequences with fat suppression, includ ing unenhanced 
imaging and dynamic phases sequences performed after 
intravenous administration of gadolinium-based contrast 
material (Gadovist, Schering, Berlin, Germany) (0.2 mmol/
kg at a rate of 2 mL/sec), followed by a saline bolus injec-
tion, and an axial delayed contrast-enhanced T1-weighted 
spoiled gradient-echo sequence with fat suppression (typi-
cally 28 seconds with breath-hold). A dose of 10 mg scopol-
amine-N-butyl bromide (Buscopan, Boehringer Ingelheim, 
Ingelheim, Germany) was administered intravenously twice 
at intervals during the scan to reduce bowel peristalsis. The 
examination was performed without bowel cleansing or 
rectal enema. CTE or MRE findings were prospectively in-
terpreted by one of six experienced abdominal radiologists.

MRE findings indicating active inflammation were defined 
as follows: segmental mural hyperenhancement (increased 
mural signal intensity at MRE on contrast material), intramu-
ral edema (identified when hyperintense signal in the bowel 
wall is present on fat-suppressed T2-weighted images), and/
or wall thickening (subdivided as mild 3 to 5 mm, moder-
ate > 5 to 9 mm, or severe ≥ 10 mm). Mesenteric findings 
(perienteric edema and/or inflammation, engorged vasa 
recta, fibrofatty proliferation, mesenteric venous thrombosis 
and/or occlusion, lymphadenopathy) or penetration (sinus 
tract, fistula, inflammatory mass, abscess, or free perfora-
tion)  [16,17]. CTE findings indicating active inflammation 
were defined as follows: segmental mural hyperenhance-
ment (increased mural attenuation at CTE on contrast ma-
terial), intramural edema (enhanced outer serosal and inner 
mucosal layers and an interposed submucosal layer of lower 
attenuation), and/or bowel wall thickening (> 3 mm), comb 
sign (prominence of the vasa recta adjacent to the inflamed 
loop of bowel), bowel stricture, or penetration [18]. Chronic 
disease changes without active inflammatory findings were 
considered remission. CTE or MRE remission, defined as lack 
of active inflammation, was considered as complete CTE or 
MRE healing [19].

Review of medical records
A retrospective review of medical records was performed 

to comprehensively obtain the updated data on the base-
line and follow-up patient characteristics, laboratory find-
ings, clinical disease activity as assessed by the CDAI, current 
medications, complications, etc. Patients receiving mesala-
zine or sulfasalazine were considered to be on 5-aminosali-
cylic acids (5-ASAs). Patients receiving azathioprine, mercap-
topurine, cyclosporine, or methotrexate were considered to 
be on immunomodulatory therapy, whereas those receiv-
ing infliximab, adalimumab, golimumab, vedolizumab, or 
ustekinumab were considered to be on biologic monothera-
py. The combination therapy was considered to be a combi-
nation of immunomodulatory therapy and biologic therapy. 
The CDAI was used to determine clinical disease activity in 
patients before CTE or MRE and ileocolonoscopy at the time 
of outpatient visit. The CDAI is an assessment tool based on 
routine questions by a gastroenterologist during the patient 
visit to measure disease activity. The CDAI is a numerical 
calculation derived from the sum of products comprising 
a list of eight items, including the number of liquid stools, 
abdominal pain, general well-being, extraintestinal compli-
cations, antidiarrheal drugs, abdominal mass, hematocrit, 
and body weight. The patients were grouped according to 
the clinical activity of disease: remission (CDAI < 150), mild 
activity (CDAI 150 to 219), moderate activity (CDAI 220 to 
449), and severe (CDAI ≥ 450)  [20]. Clinical relapse was 
defined as worsening of CD-related symptoms (increase in 
CDAI more than 150), hospitalization, the need for cortico-
steroids or surgery [21].

Ethical considerations
The study protocol was consistent with the ethical guide-
lines of the 1975 Declaration of Helsinki and was approved 
by the Institutional Review Board of Yonsei University Health 
System (IRB No. 4-2021-0372). Informed consent was not 
required due to the retrospective study design.

Statistical analysis
Continuous variables are reported using descriptive statis-
tics as the median and interquartile range (IQR). Compari-
sons were performed using Student’s t tests for continuous 
variables and the chi-square test for categorical variables. 
The clinical relapse-free survival was calculated using the 
Kaplan-Meier method. Univariate and multivariate logistic 
regression analyses were performed to identify factors pre-
dictive of clinical relapse of CD using log-rank tests and Cox 
models, respectively. The results are expressed as hazard 
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ratios (HRs) with 95% confidence intervals (CIs). The con-
cordance between CTE or MRE and ileocolonoscopy were 
studied using kappa statistics and proportion of accuracy 
(%) for categorical parameters. Cohen’s kappa (κ) was cal-
culated to assess the agreement in the case of categorical 
variables. Cohen’s kappa coefficient indicates reproducibil-
ity of interpretations; κ > 0.80 is considered excellent, 0.80 
≥ κ > 0.60 is considered good, 0.60 ≥ κ > 0.40 is considered 
moderate, 0.40 ≥ κ ≥ 0.00 is considered average, and κ < 
0.00 is considered poor  [22]. The kappa coefficients were 
recorded with their CIs. Statistical analyses were performed 
using IBM SPSS Statistics for Windows version 25.0 (IBM 
Corp., Armonk, NY, USA). A p < 0.05 indicated statistical 
significance.

RESULTS

Baseline characteristics of the study  
population
Of a total of 952 patients who underwent CTE or MRE and/
or ileocolonoscopy after the diagnosis of CD, 501 patients 
in clinical remission were enrolled and analyzed (Fig. 1). Of 
them, 372 (74.3%) patients underwent CTE or MRE alone 
and 129 (25.7%) patients underwent CTE or MRE plus ileo-
colonoscopy. The baseline characteristics of the study pop-
ulation are summarized in Table 1. The median patient age 
was 29.8 years, and the median interval from diagnosis to 
CTE or MRE was 23.9 months (IQR, 1.1 to 71.1). According 
to the Montreal classification, 253 (50.5%) patients had ile-
ocolonic involvement (L3), 355 (70.9%) had non-stricturing, 
non-penetrating behavior, and 177 (35.3%) had evidence 

of perianal disease. Fifty-five (11.0%) patients were current 
smokers, while 74 (14.8%) were former smokers. Previous 
intestinal resection surgery was performed in 155 (30.9%) 
patients, and 52 (10.4%) patients were receiving systemic 
steroids. Further, 230 (45.9%) patients were treated with 
immunomodulators, and 30 (6.0%) patients were receiving 
biologic monotherapy. The median erythrocyte sedimenta-
tion rate, serum C-reactive protein level, and serum albumin 
level were 34.0 mm/hr, 11.5 mg/dL, and 4.0 g/dL, respec-
tively.
Predictors of clinical relapse
Univariate analyses showed that age < 40 years and the 
use of steroids were significantly associated with clinical re-
lapse of CD (all p < 0.05) (Table 2). In addition, there was a 
marginally significant relationship in terms of clinical relapse 
when the presence of active inflammation in one of the two 
tests, and active inflammation in both tests was compared 
to remission in CTE or MRE plus ileocolonoscopy (p = 0.056 
and p = 0.050 by log-rank test, respectively) (Fig. 2). How-
ever, the cumulative incidence rate of clinical relapse in the 
radiology only group was not significantly higher than that 
of the radiology and ileocolonoscopy group (p = 0.526, log-
rank test) (Fig. 3). Subsequent multivariate analysis adjusted 
for the CTE or MRE showed that age < 40 years (HR, 2.756; 
95% CI, 1.263 to 6.013) and the use of steroids as an on-
going medication (HR, 2.121; 95% CI, 1.258 to 3.577) were 
independently associated with predicting increased risk for 
clinical relapse in patients with CD in clinical remission (all 
p < 0.05); however, the performance of CTE or MRE plus 
ileocolonoscopy were not compared with CTE or MRE alone 
(HR, 1.316; 95% CI, 0.799 to 2.168).

952 Patients with Crohn's disease who underwent 
CTE or MRE and ileocolonoscopy

501 Patients with clinical 
remission were enrolled

Radiology alone group
(n = 372, 74.3%)

Radiology plus ileocolonoscopy group
(n =129, 25.7%)

Exclusive criteria 
    Age < 18 years 

Inaccurate or inconclusive diagnosis of Crohn's disease 
Interval between of CTE or MRE and ileocolonoscopy > 3 months 
Interval between of CTE or MRE and follow-up > 3 months 
Follow-up loss

Figure 1. Flowchart showing the selection of the study population. CTE, computed tomography enterography; MRE, magnetic resonance 
enterography.
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Agreement between computed tomography 
enterography or magnetic resonance enterog-
raphy and ileocolonoscopy
In our study, CTE or MRE found active inflammation in 171 
(81.4%) patients, and ileocolonoscopy found active inflam-
mation in 126 (60.0%) patients. Radiology and ileocolo-

noscopy had a moderate degree of agreement (κ = 0.401, 
–0.094 to 0.142) (Table 3). We analyzed the characteristics 
of the patients with discrepant results between radiology 
and ileocolonoscopy for active inflammation in Table 3 
(Supplementary Table 1). In addition, in the 121 cases of 
active inflammation observed with both radiology and ile-

Table 1. Baseline characteristics of the study population

Variable All (n = 501)
CTE (MRE)

(n = 372, 74.3%)

CTE (MRE) and 
 ileocolonoscopy
(n = 129, 25.7%)

p value

Demographic variables

Age, yr 29.8 ± 12.4 30.2 ± 12.7 28.7 ± 11.8 0.256 

Male gender 357 (71.3) 259 (69.6) 98 (76.0) 0.170 

Interval from diagnosis to CTE (MRE) 23.9 (1.1–71.1) 19.0 (0.7–57.4) 41.4 (6.8–97.4) < 0.001 

Montreal location 0.275 

Ileal (L1) 225 (44.9) 175 (47.0) 50 (38.8)

Colonic (L2) 20 (4.0) 15 (4.0) 5 (3.9)

Ileocolonic (L3) 253 (50.5) 179 (48.1) 74 (57.4)

Isolated upper GI disease (L4) 3 (0.6) 3 (0.8) 0

Montreal disease behavior 0.006 

Nonstricturing, nonpenetrating (B1) 355 (70.9) 269 (72.3) 86 (66.7)

Stricturing (B2) 137 (27.3) 100 (26.9) 37 (28.7)

Penetrating (B3) 9 (1.8) 3 (0.8) 6 (4.7)

Perianal disease modifier (p) 177 (35.3) 107 (28.8) 70 (54.3) < 0.001 

Previous intestinal resection surgery 155 (30.9) 105 (28.2) 50 (38.8) 0.026 

Smoking status at diagnosis 0.119 

Never smoked 372 (74.3) 276 (74.2) 86 (74.4)

Current smoker 55 (11.0) 46 (12.4) 9 (7.0)

Ex-smoker 74 (14.8) 50 (13.4) 24 (18.6)

Current medication

Steroid 52 (10.4) 30 (8.1) 22 (17.1) 0.004 

5-ASA 435 (86.8) 326 (87.6) 109 (84.5) 0.364 

Immunomodulator 230 (45.9) 164 (44.1) 66 (51.2) 0.165

Biologic monotherapy 30 (6.0) 24 (6.5) 6 (4.7) 0.458 

Combination therapy 37 (7.4) 26 (7.0) 11 (8.5) 0.565 

No medication 24 (4.8) 15 (4.0) 9 (7.0) 0.177 

Laboratory variables

Erythrocyte sedimentation rate, mm/hr 34.0 ± 28.0 34.7 ± 27.9 32.1 ± 28.2 0.371 

Serum C-reactive protein, mg/dL 11.5 ± 23.1 11.6 ± 22.7 11.1 ± 24.2 0.808 

Serum albumin, g/dL 4.0 ± 0.6 4.0 ± 0.6 4.0 ± 0.6 0.770 

Values are presented as mean ± standard deviation, number (%), or median (interquartile range).
CTE, computed tomography enterography; MRE, magnetic resonance enterography; GI, gastrointestinal; 5-ASA, 5-aminosalicylic acid.
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Table 2. Predictors of clinical relapse

Variable
Univariate

Adjusting CTE (MRE)

Multivariatea

HR 95% CI p value HR 95% CI p value

Demographic variables

Age ≥ 40 years  Reference 

Age < 40 years 2.985 1.381–6.451 0.005 2.756 1.263–6.013 0.011 

Male gender 0.884 0.573–1.365 0.578 0.852 0.533–1.361 0.852 

Interval from diagnosis to CTE (MRE) 1.000 1.000–1.000 0.220 - - -

Montreal location

Ileal (L1)  Reference 

Colonic (L2) 1.189 0.426–3.321 0.741 - - -

Ileocolonic (L3) 1.134 0.748–1.720 0.554 - - -

Isolated upper GI disease (L4) 1.205 0.165–8.816 0.854 - - -

Montreal disease behavior

Nonstricturing, nonpenetrating (B1)  Reference 

Stricturing (B2) 0.851 0.538–1.346 0.489 0.834 0.512–1.358 0.465 

Penetrating (B3) 0.418 0.058–3.013 0.387 0.376 0.051–2.772 0.337 

Perianal disease modifier (p) 1.158 0.768–1.746 0.485 1.078 0.683–1.700 0.748 

Previous intestinal resection surgery 1.093 0.718–1.666 0.678 1.045 0.653–1.672 0.854 

Smoking status at diagnosis

Never smoked  Reference 

Current smoker 0.880 0.441–1.758 0.718 1.013 0.494–2.077 0.971 

Ex-smoker 0.730 0.365–1.459 0.373 - - -

Current medication

Steroid 2.300 1.421–3.722 0.000 2.121 1.258–3.577 0.005 

5-ASA 1.412 0.684–2.915 0.351 - - -

Immunomodulator 0.916 0.610–1.376 0.672 - - -

Biologic monotherapy 1.470 0.595–3.631 0.404 - - -

Combination therapy 1.024 0.447–2.344 0.956 - - -

No medication 1.147 0.466–2.828 0.765 - - -

Laboratory variables

ESR ≤ 34 mm/hr  Reference 

ESR > 34 mm/hr 0.949 0.628–1.434 0.804 0.742 0.463–1.188 0.215 

Serum CRP ≤ 11.5 mg/dL  Reference 

Serum CRP > 11.5 mg/dL 1.327 0.833–2.113 0.233 1.239 0.729–2.107 0.428 

Serum albumin > 4.0 g/dL  Reference 

Serum albumin ≤ 4.0 g/dL 1.440 0.957–1.440 0.080 1.295 0.816–2.056 0.273 

CTE (MRE) vs. Ileocolonoscopy 1.160 0.732–1.839 0.527 1.316 0.799–2.168 0.281 

CTE, computed tomography enterography; MRE, magnetic resonance enterography; HR, hazard ratio; CI, confidence in-
terval; GI, gastrointestinal; 5-ASA, 5-aminosalicylic acid; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein. 
aMultivariate adjusted age, gender, Montreal disease behavior, previous intestinal resection surgery, smoking, steroid, ESR, CRP, 
and albumin.
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Table 4. Comparison of colon segmental incidence of active lesions and agreement between CTE or MRE and ileocolonoscopy 

Variable

Active status

CTE (MRE)
(n = 147, 37.9%)

Ileocolonoscopy
(n = 241, 62.1%)

Agreement Kappa p value

Terminal ileum 66 (44.9) 58 (24.1) 53 0.412 (–0.173 to 0.266)  < 0.001

IC valve 15 (10.2) 23 (9.5) 3 –0.082 (–0.198 to 0.182) 0.539 

Cecum 7 (4.8) 14 (5.8) 5 0.409 (–0.219 to 0.334) 0.001 

Ascending colon 14 (9.5) 26 (10.8) 10 0.357 (–0.175 to 0.253) 0.001 

Hepatic flexure 3 (2.0) 12 (5.0) 1 0.079 (–0.220 to 0.239) 0.382 

Transverse colon 11 (7.5) 21 (8.7) 7 0.317 (–0.197 to 0.273) 0.005 

Splenic flexure 1 (0.7) 8 (3.3) 1 0.205 (–0.305 to 0.377) 0.098 

Descending colon 9 (6.1) 20 (8.3) 4 0.147 (–0.208 to 0.242) 0.211 

Sigmoid colon 10 (6.8) 29 (12.0) 8 0.280 (–0.165 to 2.195) 0.003 

Rectum 4 (2.7) 24 (10.0) 2 0.065 (–0.152 to 0.162) 0.577 

Anastomotic site 7 (4.8) 6 (2.5) 5 0.749 (–0.168 to 0.377) < 0.001

Values are presented as number (%).
CTE, computed tomography enterography; MRE, magnetic resonance enterography; IC, ileocecal. 

Table 3. Comparison between patients who developed remission and those who did not

Variable

Ileocolonoscopy

Kappa p valueActive 
(n = 126, 60.0%)

Remission 
(n = 84, 40.0%)

CTE (MRE)

Active (n = 171, 81.4%) 121 50 0.401 (–0.094 to 0.142) < 0.001

Remission (n = 39, 18.6%) 5 34

CTE, computed tomography enterography; MRE, magnetic resonance enterography.
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Figure 2. Cumulative incidence rates of relapse according to the 
presence of active inflammation in computed tomography en-
terography (CTE) or magnetic resonance enterography (MRE) and/
or ileocolonoscopy.

Figure 3. Cumulative incidence rates of relapse between com-
puted tomography enterography (CTE) or magnetic resonance 
enterography (MRE) versus CTE or MRE plus ileocolonoscopy 
groups. 
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ocolonoscopy, the colon was divided into eight segments, 
including the anastomotic site, and the degree of agreement 
was compared. There were 66 (44.9%) terminal ileal, seven 
(4.8%) cecal, 14 (9.5%) ascending colon, 11 (7.5%) trans-
verse colon, nine (6.1%) descending colon, 10 (6.8%) sig-
moid colon, and four (2.7%) rectal involvements in the seg-
mental evaluation by CTE or MRE. There were 58 (24.1%) 
terminal ileum, 14 (5.8%) cecal, 26 (10.8%) ascending 
colon, 21 (8.7%) transverse colon, 20 (8.3%) descending 
colon, 29 (12.0%) sigmoid colon, and 24 (10.0%) rectal 
involvements in the segmental evaluation by ileocolonosco-
py. Radiology and ileocolonoscopy had a moderate degree 
of agreement in the terminal ileum and cecum (κ = 0.412, 
–0.173 to 0.266; and κ = 0.409, –0.219 to 0.334). The 
agreement between radiologic and ileocolonoscopic find-
ings was higher in the anastomotic site (κ = 0.749, –0.168 
to 0.377) than in other ileocolonic segments (Table 4).

DISCUSSION

Accurate assessment of the extent and activity of CD re-
mains a problem and often requires a combination of clin-
ical, biochemical, endoscopic, histologic, and conventional 
radiologic techniques. A treat-to-target strategy and rigor-
ous monitoring of inflammation have recently been recom-
mended to manage patients with CD [23-25]. Although in 
the past, ileocolonoscopy was generally considered the most 
accepted gold standard for evaluating inflammatory lesions 
in patients with CD [26], cross-sectional radiology provides 
new and complementary information compared with mu-
cosal assessment by optical ileocolonoscopy [27,28]. In par-
ticular, it is not yet clear whether additionally performing 
ileocolonoscopy is advisable when monitoring with radiolo-
gy. Therefore, this study focused on how well the prognosis 
can be predicted by dividing the cases with radiology alone 
and those with both radiology and ileocolonoscopy [29]. If 
there is no significant difference in clinical relapse when CTE 
or MRE and ileocolonoscopy are performed, and only CTE or 
MRE is performed, there is no need to perform the two tests 
at the same time. Furthermore, we analyzed the degree of 
correspondence between radiology and ileocolonoscopy 
for each segment of the bowel. If there is a high degree of 
agreement between the two test methods, only one of the 
two tests can be performed and monitored.

We found that the presence of active inflammation on ra-

diology or ileocolonoscopy was significantly associated with 
poor prognosis. However, both radiology and ileocolonos-
copy were not significantly different from radiology alone 
in predicting the prognosis of CD. Moreover, age, young-
er than 40 years and the use of steroids were associated 
with a poor prognosis of CD. Lopes et al. [30] showed that 
CTE findings and fecal calprotectin (FC) significantly cor-
related with endoscopic findings. These two non-invasive 
markers of disease activity may be used as an alternative 
to endoscopy to monitor disease response to therapy in 
patients with CD  [30]. In addition, the presence of active 
inflammatory findings observed with radiology and ileoco-
lonoscopy showed a moderate degree of agreement sup-
porting our result. Especially, the degree of agreement was 
high when observing the anastomotic site. Park et al. [31] 
reported that a younger age at the time of diagnosis was 
significantly associated with CD-related surgery for Korean 
patients with CD (HR, 0.982; 95% CI, 0.966 to 0.998). In 
a prospective population-based cohort study, Solberg et al. 
[32] demonstrated that the need for systemic steroids after 
the establishment of the diagnosis was significantly associ-
ated with the development of advanced disease (odds ratio, 
2.92; 95% CI, 1.18 to 7.21), supporting our results. Cross 
sectional image plus ileocolonoscopy may be more useful if 
the disease has a wide or advanced disease stage such as fis-
tulating or stricturing disease, presence of perianal lesions, 
a history of previous intestinal resection surgery, or steroid 
use. Our research aimed to reduce unnecessary examina-
tions according to the degree and conditions of individual 
diseases from the patient’s point of view rather than simply 
comparing examination methods.

There were several previous analyses reported as a tool 
for monitoring CD. Hara et al. [33] reported that imaging 
changes between CTE examinations have excellent potential 
for reliably monitoring the progression or regression of CD. 
Small-bowel CTE findings correlated well with endoscopy in 
a subset of patients (κ = 0.57; 95% CI, 0.20 to 0.94) [33]. 
Rimola et al. [34] found that the magnetic resonance in-
dex had high accuracy for the detection of disease activity 
(area under the receiver operating characteristic [ROC] curve 
0.891, sensitivity 0.81, specificity 0.89). The calculated sim-
plified magnetic resonance index of activity (MaRIA) also has 
a high (r = 0.81) and significant (p < 0.001) correlation with 
the Crohn’s disease endoscopic index of severity (CDEIS) of 
the corresponding segment in ileocolonic CD [34].

Our study has several clinical implications. First, compared 
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with previously published reports on CD, our study had a 
relatively large sample size to help draw a conclusion. Sec-
ond, we found that radiology plus ileocolonoscopy was not 
superior to radiology alone in predicting the prognosis of 
CD (p = 0.526, log-rank test). This could reduce the need for 
follow-up ileocolonoscopy when CTE or MRE is performed. 
CTE or MRE alone can save time and cost. Furthermore, 
when comparing the degree of agreement based on divid-
ing by segments in the cases showing an active inflammato-
ry state, we found a good agreement between CTE or MRE 
and ileocolonoscopy at the anastomotic site. Postoperatively 
in patients with CD at the anastomotic site, if there is a high 
degree of agreement between the two test methods, only 
one of the two tests can be performed and monitored. In 
particular, when the lesion is confined to the small intestine, 
radiology is required but not ileocolonoscopy. Third, based 
on our results, the presence of active inflammation observed 
with radiology and ileocolonoscopy was associated with 
clinical relapse. The possibility of clinically active inflamma-
tion can be predicted through the presence of active inflam-
mation observed with radiology and/or ileocolonoscopy. In 
the future, follow-up studies on a non-invasive, inexpensive, 
and easy-to-repeat technique as a tool for monitoring CD 
are additionally needed.

The study has several limitations. First, all CTEs or MREs 
were interpreted by experienced radiologists, but no vali-
dated image scoring systems such as MaRIA, Clermont, or 
the London score were used [35-37]. Second, the FC was 
not included in this study because FC testing was not yet 
generalized due to the lack of coverage by the national re-
imbursement program in Korea. Insurance benefits for cal-
protectin testing were approved from April 2017. Finally, 
this study is also at risk for selection bias because patients 
in an active inflammatory state with worsening symptoms 
might have been more likely to have repeated radiologic or 
ileocolonoscopic examinations than patients who were in 
a remission state. Since the degree of active inflammation 
in the colon can be determined relatively easily by ileocolo-
noscopy, the group that was examined by ileocolonoscopy 
alone was not included. The results of this study should be 
carefully applied to patients with CD.

In conclusion, both radiology and ileocolonoscopy were 
not superior to radiology alone in predicting the prognosis 
of CD. The detection of active inflammation by radiology or 
ileocolonoscopy was associated with poor prognosis. Both 
the monitoring tools had a moderate degree of agreement 

in an active inflammatory state, especially at the anastomot-
ic site. Therefore, tools for monitoring CD should be person-
alized according to the patient’s condition and additional 
tests should be carefully performed or avoided unless inclu-
sive results are obtained on one test.
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Supplementary Table 1. Characteristics of patients who showed inconsistent results between radiographic imaging and 

ileocolonoscopy

Variable All (n = 210)

CTE (MRE)/Ileocolonoscopy

p valueActive/active and remis-
sion/remission

(n = 155, 73.8%)

Active/remission and 
remission/active
 (n = 55, 26.2%)

Demographic variable

Age, yr 28.3 ± 11.0 28.9 ± 11.9 26.8 ± 7.6 0.241 

Male sex 160 (76.2) 116 (74.8) 44 (80.0) 0.469 

Interval from diagnosis to CTE (MRE) 1,175.5 (30.5–2,669.8) 998.0 (15.0–2,398.0) 1,832.0 (690.0–3,172.0) 0.003 

Montreal location 0.212 

Ileal (L1) 74 (35.2) 50 (32.3) 24 (43.6)

Colonic (L2) 10 (4.8) 9 (5.8) 1 (1.8)

Ileocolonic (L3) 126 (60.0) 96 (61.9) 30 (54.5)

Isolated upper GI disease (L4) 0 0 0 

Montreal behavior 0.890 

Nonstricturing, nonpenetrating (B1) 144 (68.6) 108 (69.7) 36 (65.5)

Stricturing (B2) 55 (26.2) 39 (25.2) 16 (29.1)

Penetrating (B3) 11 (5.2) 8 (5.2) 3 (5.5)

Perianal disease modifier (p) 112 (53.3) 79 (51.0) 33 (60.0) 0.274 

Previous intestinal resection surgery 70 (33.3) 50 (32.3) 20 (36.4) 0.619 

Smoking status at diagnosis 0.348 

Never smoked 158 (75.2) 120 (77.4) 38 (69.1)

Current smoker 24 (11.4) 15 (9.7) 9 (16.4)

Ex-smoker 28 (13.3) 20 (12.9) 8 (14.5)

Current medication

Steroid 44 (21.0) 34 (24.5) 6 (10.9) 0.035 

5-ASA 184 (87.6) 137 (88.4) 47 (85.5) 0.634 

Immunomodulator 101 (48.1) 72 (46.5) 29 (52.7) 0.437 

Biologic therapy 10 (4.8) 7 (4.5) 3 (5.5) 0.724 

Combination therapy 8 (3.8) 2 (1.3) 6 (10.9) 0.005 

No medication 12 (5.7) 9 (5.8) 3 (5.5) 1.000 

Laboratory variable

Erythrocyte sedimentation rate, mm/hr 36.8 ± 30.2 38.4 ± 31.9 32.1 ± 24.5 0.181 

Serum C-reactive protein, mg/dL 13.1 ± 23.3 13.9 ± 24.1 10.7 ± 21.1 0.370 

Serum albumin, g/dL 4.0 ± 0.6 4.0 ± 0.7 4.1 ± 0.5 0.412 

Values are presented as mean ± standard deviation, number (%), or median (interquartile range). 
CTE, computed tomography enterography; MRE, magnetic resonance enterography; GI, gastrointestinal; 5-ASA, 5-aminosalicylic 
acid. 
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